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ABSTRACT

Streptokinase, one of the major blood-clot-dissolving agents, catalyzes
the conversion of the plasma-zymogen (plasminogen) to the serine pro-
tease plasmin. Streptokinase genesfromtwo different S equisimilisstrains,
isolated from equine and human, were cloned and expressed in Escheri-
chia coli. Cloned streptokinase genes were investigated for their expres-
sion in E. coli by Western blot analysis and radial caseinolysis assay.
Recombinant genes of streptokinase genes were similar to their native
counterpartsin terms of their molecular masses and exhibited preferential
plasminogen activity. PAGE and Radial caseinolysis studiesdemonstrated
that streptokinases secreted by streptococci from different hosts were
ableto differentially activate only the plasminogen derived from the same
host. Streptokinase-plasminogen interaction indicated that human and
equine plasminogens were cleaved at the same highly conserved site and
an atered form of streptokinase was produced. This work strongly sup-
ports the idea that these streptokinases must share a common plasmino-
gen binding domain and species-specific activation of plasminogen by
streptokinases which reflecting the origin of the streptococcal isolate and
the role of the streptokinase in the pathogenesis of streptococcal infec-
tions. © 2010 Trade Sciencelnc. - INDIA
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INTRODUCTION

Streptokinaseisagroup of extracellular proteins
produced by avariety of beta-hemolytic streptococci.
Itisoneof the mgjor blood-clot-dissol ving agents used
in many medical treatments for the past 30
yearg2510141617.1921323536] |t jsused in life-threating
deep-veinthrombos' s, thromboembolism, thrombosed
arteriovenous shuntsand included in theWorld Helth
Organization Mode! List of Essential Medicines®,
Itsability toinducereperfusion of the occluded coro-

nary arteriesand to reduce mortality hasbeen firmly
established. Twointernational clinicd trials, GISSI-2
(trial size, 12, 490 patients)® and I1SIS-3 (tridl size,
41,299 patients)!*? resulted in conclusionsthat both
streptokinase and tissue specific plasminogen activa
tor, afibrin-gpecificthrombol ytic agent from humans,
gppear equaly effectiveand safefor usein routine con-
ditions, and no significant difference.

Most groupA, C, and G streptococci isolated from
human hosts secrete apl asminogen activator known as
streptokinase which catalyzes the conversion of the
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plasma-zymogen, plasminogen, to the serine protease
plasmin. Human plasminogen and streptokinaseforma
1.1 stoichiometric complex that hydrolyzes other plas-
minogen moleculesto generate plasmin, which subse-
quently can degradefibrin, the primary protein compo-
nent of blood clotg?510141617 |ntroducedinto clinical
practiceinthelate 1950s, theintravenousinfusion of
streptokinase has become one of the treatments of
choiceinacute myocardid infarction. With regardsto
bacterid pathogeness, plasmin may facilitatetissuein-
vasion by dissolution of thefibrin barrier that formsat
thesiteof infection, by hydrolysisof extracellular ma-
trix proteinssuch aslaminin or fibronectin, and by acti-
vation of latent collagenases and other zymogen forms
of metall oproteinaseg* 61520242732,

Duetotheclinica importanceof thisstreptococcal
protein, agreat deal of effort hasbeen directed toward
characterizing and understanding the molecular basisof
theinteraction of streptokinasewith plasminogen. Mot
previousresearch hasfocused on the streptokinase se-
creted by ahuman isolate of the group C streptococ-
cus S equisimilis. Theseinvestigations, although in-
creasing our understanding of the streptokinase-plas-
minogen interaction, havea so created theimpression
that all streptokinases belong to afamily of homolo-
gousproteins, withsimilar biophysica and biochemica
properties. Thishasledtothefalureto fully understand
theimportance of the concept of species specificity,
with theresult that the group C streptococci S equi, S
zooepidemicus, and S. equisimilis, isolated from non-
human hosts, have been regarded as non-streptokinase
producerssmply onthebasisof theinability to activate
human plasminogeni5720.24,

However, McCoy et a.?% and Nowicki et al.?4
demonstrated that group C streptococci isolated from
non-humean sources secreted streptokinaseswhich pref-
erentidly activated plasminogen obtained from the host
fromwhich theisol ate had been obtained. Although
these streptokinases preferred to activate only the plas-
minogen derived from the host, they al bound plasmi-
nogen regardless of the host source. These observa-
tions suggested that there are two major eventsin the
activation of plasminogen by streptokinase; aprimary
event (binding) whichisnot species specific and asec-
ondary event (activation) which is species-specific.

To achieve abetter understanding of the genetic
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aspectsof thisimportant streptococcal product, strep-
tokinasegenesfromtwo different trainsof S equismilis
(onefroman S equisimilisequineisolateand onefrom
an S equislimilishumanisolate) were cloned and ex-
pressed in Escherichia coli as (His) 6-tagged fusion
proteinsto study the mol ecul ar relationship between
streptokinases and plasminogen from different hosts.

MATERIALSAND METHODS

Bacterial strainsand growth conditions

Inthisstudy thefollowing strainsof S equismilis
streptococci were used: strain MZ130, isolated from
an equine host; and strain H46A, ATCC 12449. Bac-
teriaweregrown at 37°C for 8 hin 500 in brain heart
infusion broth (Difco) asstanding culturesat 37°C. E.
coli (XL1-Blue) strainwasgrownin LB mediumwith
added selective agent [ampicillin (Ap), 50mg/l]. The
pH of the cultureswas monitored and maintained at
7.0 by periodic addition of 10N NaOH.

Cloning and expression of the streptokinase genes
into the prokaryotic expression vector pQE-30.

Streptokinase genesfrom equineand human strep-
tococcal strainswere cloned into the pQE-30 vector
(Qiagen) to produce recombinant streptokinases ap-
pended at the N terminuswith apolyhistidine (His)6
domain. Genomic DNA from the parent strainswas
used astemplate for PCR amplification of the strep-
tokinasegenes. Theforward primersusedin theseam-
plificationswere 5'-cgeggat ccaataattacgecaagect-3'and
5'-cgeggatecattgetggacctgag-3 whilethereverseprim-
ers were 5'-cttatttgtttgattcgttgtacc-3'and 5'-
tecocegggttatttgtegttagggtt-3' for theequineand H46A
streptokinase genesrespectively. Bacterial cellswere
lysed and DNA was isolated by the procedure of
Monsen et al .22, Genomic DNA waspurified by phe-
nol extraction and ethanol precipitation®. Thetem-
plate DNA was mixed with 5ul 10x PCR-buffer +
MgCL,, dNTPs, 1ul tag DNA polymeraseand there-
action mixturewas overlaid with 50ul of paraffin oil.
Amplification of the DNA has been performed in a
thermocycler-PCR-block usngaprograminwhich, the
initial denaturationwasat 97°C for 2min, primer an-
nealing at 55°C for 30 sec and theelongation at 72°C
for 2 min. these stepswererepeated 29 times*Y.
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The PCR fragments were cloned in the pQE-30
(Qiagen), as Smal/BamHI fragment and then intro-
duced to E.coli cellsby transformation as described
by Inoueet a .. Transformed cellsby cloned human
streptokinase (PQE-30-HSK) and equine streptokinase
(PQE-30-ESk) weregrown at 30°C to mid-log phase,
and expression of the streptokinase geneswasinduced
by addition of IPTG (1mM) asdescribed by Studier et
a .3, Transformed cellswere screened for expression
of streptokinase genesby two different methods. The
first method was by Western Bl ot analysig®! and the
second oneby radid casainolysisin plasminogen-skim
milk-contai ning agarose as described by Sakseld?.

Miscellaneous. Purification of streptokinaseswas
carried out as described by Peng et a2 while purifi-
cation of equineand human plasminogen and Plasmi-
nogen activation studieswith recombi nant streptokinases
weredone asdescribed by Caballero et al.19.

RESULTS

Cloning of streptokinase genes. The streptokinase
genesfrom both strainswere cloned into the pQE-30
vector (Qiagen) to produce recombinant streptokinases
appended a theN terminuswith apolyhistidine (His)6
domain. Thiswould not only facilitatepurification of the
recombi nant streptokinase moleculesfrom the bacte-
rial cytosol but also permit the study of theinteraction
of plasminogenswith matrix-bound streptokinases.
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Figurel: PCR amplification of streptokinasegenesfrom S.
equismilisstreptococci. Laneland 2: are PCR productsof
amplified streptokinasegenesof S. equisimilisstrainsH46A
and M Z130, repectively; M : fragmentsof DNA sandard (0.07-
12.2 kbs, Roche, M annheim). 3ul of each samplewasana-
lyzed on 0.7% agar ose

Genomic DNA fromtheparent stranswasused astem-
plate for PCR amplification of streptokinase genes.
Forward primersused in theseamplificationswere cho-
sen to be complementary with the DNA sequences
coding for the start of the mature proteins, with addi-
tional codonsto facilitate directionalcloning into the
BamHI and Smal restriction endonucleasesites of the
PQE-30 vector. Thereverse primerswere complemen-
tary to thesequences coding for thecarboxyl termini of
thematureproteins. Thiscloning strategy resultedina
PCR product of 1251bp in case of streptokinasegene
from the equine strain S. equisimilis MZ130 and
1242bp in case of streptokinase genefrom thehuman
strain S equismilisH46A (Figurel).

Purified PCR fragmentswere digested by BamH|I
and Smal and ligated to the pQE-30 vector whichwas
digested by the same endonucl eases. Ligated streptoki-
nase fragmentswith the pQE-30 vector werethenin-
troduced to E.coli (XI-blue) cellsby transformation,
fromwhich plasmid DNA wasisol ated and analyzed
by agarose el ectrophoresis. Some clones of pQE-30-
SK (Figure2, lanes: 2, 3, 9 and 10) wereselected and
tested by restriction anaysisusing BamHI and Smal.
Inthisanalysis, al tested clones devel oped theright
fragmentsof 1.2kb in both Sk genes (Figure 3).
Expression and purification of streptokinase
genes: Toinvestigate whether the plasmid encoding
therecombinant Sk genesfrom both strains have been
expressed, transformed cdllseither by human streptoki-
nase pQE-30-HSk or by equine streptokinase pQE-
30-ESk weregrown at 30°C to mid-log phase. Strep-
tokinasegenesinduced by IPTG and screened for their
expression by Western blot analysisusing antiHis6 an-
tibody (Figure4). Datapresented inthisfigureillus-
tratesthat human streptokinase gene from clone pQE-
30-Az,, (Figure4, lane: 1) and equine streptokinase
from clone pQE-30-Az, (Figure 4, lane: 2) were ex-
pressed and secreted their proteins. Differenceinthe
apparent molecular weight of both cloned geneswas
noticed where cloned streptokinase from the human
(HSk) had an apparent molecular mass of ~47 kDa
(Figure4, lane: 1) whilecloned streptokinasefrom the
equine (ESK) had an apparent mol ecular mass~49kDa
(Figure 4, lane: 2). Interms of their molecular sizes
cloned streptokinasesfrom both strainswerefound to
beindigtinguishablefromtheir native counterparts (Fig-
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Figure2: Analysisof isolated pQE-30 plasmidswhich con-
taining streptokinase gene from human (lanes 9& 10) and
from equine (lanes: 2-7) on 0.7% agar osegel electrophor e-
sis. In both cases, plasmid DNA of thepQE-30without insert
(lanes, 1& 11) served asacontrol. M, fragmentsof DNA stan-
dard (0.07-12.2 kbs)
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Figure4: Western blot analysisof recombinant streptoki-
nasegenes. Total proteinsextracted from transfor med E. coli
cdls(XI1-Blue), subjected to SDS-PAGE and immunodetected
with anti-His6 antibody. 1. recombinant human streptokinase
expressed from clone pQE-30Azw; 2: recombinant equine
streptokinase expr essed from clone pQE-30Az; C: proteins
of E. coli cells(XI1-Blue) transfor med with empty vector

ureb).
Activation of plasminogenshby recombinant strep-
tokinases. Plasminogen activation with recombinant
streptokinaseswastested by theradia caseinolysisas-
say. Inthisassay, the culture supernatant containing
streptokinasewas gpplied toindividual wellsinan aga-
rosegd containing skim milk and plasminogen. Incase
of recombinant human streptokinase produced from
clone (pQE-30-Az, ), activation of human plasmino-
gen (HPg) wasnoticed. Thiswasreflected by a2.5cm
haosize(Figure6A.). Intheactivation of equine plasmi-
nogen (EPg) by the engineered equine streptokinase
from clonepQE-30-Az, ahalosizeof 2.3-2.4cmwas
developed (Figure6B.).

Activation of HPg and EPg either by recombinant
ESk or HSk, wastested by the same assay. Recombi-

1 2 M3 4
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— 1636
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Figure3: Regtriction analysisof selected clonesof pQE-30
which carrying Sk geneseither from human (lanes: 1 & 2)
or equine (lanes, 3& 4), by BamHI and Smal . Two fragment
sizesweredeveloped, oneat 3.5kb for theplasmid and the
other at 1.2kb for theinsert. Fragment sizesof thestandard
DNA bandswritten on theright
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Figure5: Purification of recombinant and native str eptoki-
nases. Recombinant and nativeproteinsof streptokinasewere
purified from transformed E.coli and S. equisimiliscultures,
respectively. Lanes, 1and 2, arenativeand recombinant hu-
man streptokinases, respectively. Whereas3 and 4, arena-
tiveand recombinant equinestr eptokinases, r espectively Pro-
teinsof streptokinaseswer eassayed for purity by SDS-PAGE
and staining by Coomassieblue, R-250

ESk
<— HSk

nant streptokinase HSk, however, was not ableto acti-
vate plasminogen from equine (Figure6B,). Thesame
behavior appeared upon application of recombinant
ESk on human plasminogen (Figure 6A.). Thesere-
sultsindicatethat the specificity of streptokinaseinthe
interaction with the plasminogen that should be acti-
vated by streptokinase secreted by streptococci de-
rived from the samehost.

To confirmtheindication developed fromtheradia
casainolys sassay, purified recombinant streptokinases
ether from human (HSK) or equine (ESk) weremixed
with plasminogens derived from their hostsand sub-
jectedto SDS-PAGE analysis(Figure 7A, B). At the
sametime, thetest wasdoneby invertingthecase, where
the equine and human recombinant streptokinaseswere
tested for their activation of human and equine plasmi-
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Figure6: Activation of plasminogen by recombinant strep-
tokinase using radial caseinolysis assay. A.; activity of re-
combinant HSk, clonepQE-30Az.on HPg; B, activity of ESK,
clonepQE-30Az.0n EPg; A, activity of recombinant ESk on
HPg; B., activity of HSk on EPg; A:& B:, control well which
contained super natantsfrom E.coli cells (XI1-Blue) trans-
formed with empty vector
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Figure7: SDS-PAGE of plasminogen activation by recombinant
greptokinases. (A): PAGE analysisof theinteraction of HSk
with HPg; (B): ESk with EPg; (C): HSk with EPg; (D): ESk with
EPgover time,in minutes, asindicated aboveeach pand
nogens, respectively (Figure 7C, D). Thistest wasdone
by mixing equal samplesfrom purified recombinant
streptokinaseswith plasminogens. Sampleswereincu-
bated at 30°C and the reaction wasterminated at dif-
ferent intervals (from 15-90 min). PAGE analysis
showed that binding and interaction of plasminogen by
streptokinase should be activated by streptokinase of
streptococci derived from the same host. Human plas-
minogen was activated only by HSk and equine plas-
minogenwasactivated only by ESK. Activation of plas-
minogens started 10-15 min after incubation withthe
purified recombinant streptokinases (Figure 7A, B). In-
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cubation of HSk with HPg resulted intheinthegenera
tion of severa breakdown products. Oneof these prod-
ucts was a protein band at ~41-kDa which corre-
sponded to processed or mature streptokinase (HSk*).
However, PAGE anaysi sof equine plasminogen acti-
vation by (ESk) developed another protein band at
~27kDa which corresponded a cleaved product of
equine streptokinase (ESK*).

Activation analyses of EPg by HSk and HPg by
ESk using PAGE procedure devel oped consistent re-
sultsto that devel oped fromtheradia caseinolysisas-
say. Intheseanalyses, EPg was not activated by HSk
and viceversa. Asacontrol, purified HSk, ESk, HPg
and EPg were applied separately in thisstep to detect
any binding activity between therecombinant streptoki-
nasesto different plasminogens (Figure 7C, D). The
activation profilesobtained fromtheradia casainolysis
assay and PAGE andyses confirm that the activation of
plasminogen by streptokinaseis speci e-specific event.

DISCUSSION

Streptokinase is considered as one of the major
blood-cl ot- dissolving agentswhich produced by ava
riety of beta-hemolytic streptococci*¥ and by many
bacteria expression hostsincluding the pathogenic S
equismilisH46A,, thenaturd streptokinase producer™’.
Most of sequenced streptokinaseswereoriginally iso-
lated from streptococci which had infected human
hosts[5,10,14,16,17,19,25,.32,35,36] . These StreptOkl nases ha\/e
been shown to be remarkably similar to one another,
both functionaly and structurally, with grester than 85%
homology at theamino acid level. In addition, these
streptokinases have the same number of amino acid
residues, namely, 414. In contrast, the streptokinase
secreted by S equisimilisisolated from an equine host
was380 aminoacidsinlengthand exhibited a theamino
acid level only 25.4% identity with streptokinase se-
creted by astreptococcus (S. equisimilisH46A) iso-
lated from ahuman host which has414 amino acidsin
length. The second streptokinase studied, astreptoki-
nase secreted by an S. equisimilis porcineisolatewas
374 amino acidsinlength and had only 35.3% identity
with the streptokinasefrom the S equisimilis human
isolate H46A.,

Asaprediminary stepinacomprenensiveandysis,

s BioTechnology

An Tudian Yourual



116

Activation of plasminogen by streptokinase is a species-specific event

BTAIJ, 4(2) June 2010

FULL PAPER o

two different streptokinase genes, (HSk) froman S,
equisilimilishuman isolate (H46A) and (ESK) froman
S equisimilis equineisolate (MZ130), were cloned
and expressed in Escherichia coli as (His)6-tagged
fusion proteinsin order to study theinteraction of these
proteinswith different mammalian plasminogens. Both
of (HSK) and (ESK) streptokinase geneswas cloned
into the expression vector pQE-30. Thisvector per-
mitstheexpression of cloned genescontaining theini-
tial ATG codon of thesignd sequenceand isexpressed
with an appended (His) 6tail to facilitate purification.
Genomic DNA from both the H46A and MZ130 strep-
tococcd strainswasamplified by PCR using nuclectide
primers complementary to the 5" and 3' termini of the
genome-fragment representing theimmature protein.
Cloned HSk and ESk geneswereinvestigated for their
expressionin E.coli by western analysis. According to
the protein bands produced inthisanaysis, adiffer-
enceintheir molecular masswasnoticed. SDS-PAGE
analysisindicated molecular masses of ~49 and ~47
kDafor ESk and HSK, respectively. Comparison be-
tween the cloned proteins of HSk and ESk and their
native counterparts by PAGE protocol indicated that
they havethe same gpparent molecular sizes.
Recombinant streptokinases expressed in E. coli
showed the same substrate specificity asthat of the
streptococcal donor strain%151, Theidentity of re-
combinant streptokinases of thisstudy (HSk and ESK)
hasbeen demonstrated through the activation of human
and equine plasminogens (HPg and EPg) by PAGE
analysisand radial caseinolysis assay. In both tech-
niques, however, HSk wasonly ableto active HPg into
human plasmin and EPg can be activated only by ESk
and not by HSk. Theseresults confirmed the substrate
spexificity of streptokinase proteinwhere plasminogens
can only activated by the streptokinase derived from
the same streptococcal donor strain. Intheactivation
of equine plasminogen (EPg) by therecombinant pro-
tein of ESk, PAGE devel oped a~27kDaprotein band.
Thisresult wasin agreement with the N-termina amino
acid sequencing analysisof Caballero et al.®! for the
breakdown products resulting from the streptokinase-
plasminogen interaction. It wasindicated that a~27-
kDa protein band had the N-terminal amino acid se-
guence AGK Pl which represented acleaved product
of ESk. Fromthe PAGE analysisin thiswork and the
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sequencing dataof Cabaleroet al., it wasapparently
that the equine streptoki nase had been cleaved between
Lys* and Ala*® toyield that altered product (ESk*)
of the27.173kDa.

At thesametime, activation of human plasminogen
occurred within 5-10 min after incubation with HSK,
resultinginthegeneration of several breakdown prod-
ucts. A ~41-kDaprotein corresponded to atered strep-
tokinase (HSk*) was developed upon PAGE analysis.
N-termina amino acid sequencing of Cabdleroet a.™
for these breakdown productsindicated that this al-
tered streptokinase had the N-terminal sequence
SKPFA and it had been cleaved between Lys® and
Ser®, whichresulted inthe generation of dtered human
streptokinase (HSk*) of a40.998-kDa. Theinterac-
tion of recombinant streptokinases with their corre-
sponding host plasminogensresulted in thegeneration
of plasmin heavy and light chains. The human plasmin
light chain (HPs") devel oped at ~25 kDa had the N-
termind amino acid sequenceVV GGC whiletheequine
plasminlight chain had N-termina sequenceof IVGGC
and asizeof ~25kDd®. These observationsindicated
that cleavage of the plasminogen moleculesoccurred at
the same cleavage site (Arg®®*-Val®?) in human and
(Arg™®-11e?) in equine plasminogens, asitewhichis
highly conservedinanumber of mammaian plasmino-
geng8181930 |t should be noted that Val and lle are
both hydrophobic amino acidswith an aliphatic side
chain bearing no net chargeand arethusconsidered to
besimilar by Myersand Miller’s method!%3Y of pro-
tein comparison.

Aninitia binding event isfollowed by aconforma:
tional change imposed by the streptokinase molecule
ontheplasminogen moiety. Thisisaccordingtothe“ac-
tivator complex model” of plasminogen activation by
streptokinase®4, Thisevent uncoversan activesitein
the plasminogen which leadsto aseriesof catayticand
autocatal ytic eventsthat result in thegeneration of a
streptokinase-plasmin complex with the cleavage of
streptokinaseto form an atered streptokinase still as-
soci ated with the complex. Recombinant streptokinases
inthisstudy behaved in amanner very similar to that
observed inthefluid-phase studies®, wheretherecom-
binant HSk was cleaved at the sametrypsin-sensitive
peptide bond.

The observation that streptokinases secreted by
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streptococci from different hostswere ableto differ-
entidly activate only the plasminogen derived fromthe
samehost suggeststhat these streptokinasesmust share
acommon plasminogen binding domain. Logicaly, pri-
mary structural differencesintheregionsinvolvedin
activation among streptokinasesfrom different spe-
ciesshould bereflected in differencesin secondary
structureand finally in three-dimensional conforma-
tion; otherwise, activation would be nonspecific. As
the streptokinasefrom the equineisol ateisunableto
activate human plasminogen and the streptokinasefrom
the humanisolate can not activate equine plasmino-
gen, onewould expect the primary structural differ-
ences between the equine and human streptokinases.
This observation support the view that streptokinase
belongsto afamily of plasminogen activatorswhose
membersdisplay greater diversity in primary structure
than previoudly suspected. This, infact, isthecase, as
shown by the alignment studies and homology in-
dexed®. Also, confirm that activation of plasminogen
by streptokinaseisaspecies-specific event reflecting
the origin of the streptococcal isolateand impliesa
rolefor streptokinasein the pathogenesis of strepto-
coccal infections,

REFERENCES
[1]

[2]
[3]

[4]
[5]
[6]

M.Arditi, S T.Shulman, T.Davis, R.Yoger; Rev.
Infect.Dis., 11, 34-45 (1989).

PW.Armstrong; Nat.Rev.Cardiol ., 7(2), 67-9 (2010).
W.J.Brockway, F.J.Castellino; Biochemistry 10,
2063-2070 (1974).

M.D.PBoyle, R.Lottenberg; Haemost., 77, 1-10
(1997).

A.R.Caballero, R.Lottenberg, K.H.Johnston;
Infect.Immun., 67(12), 6478-6486 (1999).
M.Cuchacovich, Héctor Gatica, Paula Vial, Jorge
Yovanovich, Salvatore V.Pizzo, Mario Gonzalez-
Gronow; Clin.Diagn.Lab.Immunoal., 9, 1253-1259
(2002).

R.H.Diebel, W.H.Steeley; ‘Streptococcacea’, In:
R.E.Buchanan, N.E.Gibbons (Ed.,); Bergey’s
Manual of Determinative Bacteriology, Williamsand
Wilkins, Baltimore, Md., 490-517 (1974).
M.Forsgren, B.Raden, M.lsraelsson, K.Larsson,
L.O.Heden; FEBS Lett., 213, 254-260 (1987).
Gruppo Italiano Per Lo Studio Della Soprawivenza
Nell’Infarto Miocardico; Lancet, 336, 65-71

[7]

(8]
[9]

(1990).

[10] T.T.Huang, H.Make, J.J.Ferretti; Mol.Microbial.,
3, 197-205 (1989).

[11] M.A.Innis, D.H.Gelfand, J.J.Sninsky, T.J.White;
‘PCR Protocols’, A Guide to Methods and Applica-
tions, Academic Press, Inc., San Diego, (1990).

[12] H.Inoue, H.Nojima, H.Okayama; Gene, 96(1), 23-

28 (1990).

[13] 1SIS-3 Collaborative Group; Lancet, 339, 753-770
(1992).

[14] S.Lizano, K.H.Johnston; Infect.Immun., 73(7),
4451-3 (2005).

[15] R.Lottenberg, C.C.Broder, M.D.Boyle, S.J.Kain,
B.L.Schroeder, R.Curtiss 3, J.Bacteriol., 174,
5204-5210 (1992).

[16] H.Malke, J.J.Ferretti; ‘Streptokinase’, Cloning, Ex-
pression, and Excretion by Escherichia Coli.Proc.
Natl.Acad.Sci.USA, 81, 3561 (1984).

[17] H.Malke, B.Roe, J.J.Ferretti; Gene, 34, 357-362
(1985).

[18] T.Marti, J.Schaller, E.E.Rickli; Eur.J.Biochem., 149,
279-285 (1985).

[19] M.Martin; Streptokinasein ChronicArterial Diseases
(CRC, Boca Raton, FL), (1982).

[20] H.E.McCoy, C.C.Broder, R.Lottenberg; J.Infect.
Dis.,, 164, 515-521 (1991).

[21] Minami, Masaaki, Kamimura, Takuya, |1saka,
Masanori, Tatsuno, Ichiro, Michio Ohta, Hasegawa,
Tadao; Antimicrob.Agents Chemother., 54, 98-102
(2010).

[22] J.J.Monsen, S.E.Holm, L.GBurman; FEMSMicro-
biol.Lett., 16, 19-24 (1983).

[23] EW.Myers, W.Miller; Comput.Appl.Biosci., 4, 11-
17 (1988).

[24] S.T.Nowicki, D.Minning-Wenz, K.H.Johnston,
R.Lottenberg; Thromb.Haemost., 72, 595-603
(1994).

[25] H.Ohkuni, Y.Todome, H.Suzuki, M.Mizuse,
N.Kotanl, K.Horiuchi, N.Shikama, A.Tsugita,
K.H.Johnston; Infect.Immun., 60, 278-283 (1992).

[26] Peng, Sheng-Bin, Li Wang, John M oomaw, B.Robert
Peery, Pei-Ming Sun, B.Robert Johnson, Jin L u, Patti
Treadway, L.Paul Skatrud, Q.May Wang;
J.Bacteriol., 183(2), 621-627 (2001).

[27] K.N.N.Reddy; Enzyme, 40, 79-89 (1988).

[28] O.Saksdla; Anal.Biochem., 111, 276-282 (1981).

[29] J.Sambrook, E.F.Fritsch, T.Maniatis; ‘Molecular
Cloning: A Laboratory Manua’, 2™ Ed., Cold Spring
Harbor Laboratory Press, Cold Spring Harbor, N.Y.,

BioTechnology

An Tudian Yourual

——



118 Activation of plasminogen by streptokinase is a species-specific event BTAIJ, 4(2) June 2010

FULL PAPER o

(1989). 17, 1261 (1989a).

[30] J.Schaller, C.Straub, U.Kampfer, E.E.Rickli; Protein  [36] FWalter, M.Siegel, H.Malke; Nucleic Acids Res.,
Seq.Data Anal., 4, 69-74 (1991). 17, 1262 (1989b).

[31] EW.Myers, W.Miller; Comput.Appl.Biosci., 4,11- [37] Wong, Sui-Lam, Ruigiong Ye, Shyroze Nathoo;
17 (1988). J.Appl.Environ.Microbiol., 60(2), 517-523 (1994).

[32] K.Steiner, H.Malek; Infect.Immun., 70, 3627-3636  [38] World Health Organization; “WHO Model Formu-
(2002). lary Antithrombotic Drugs and Myocardia Infarc-

[33] FW.Studier, A.H.Rosenburg, J.J.Dunn, JW.Duben- tion’, http://whqlipdoc.who.int/publications/2004/
dorff; Methods Enzymol., 185, 60-89 (1990). 92414, (2004).

[34] H.Towbin, T.Staehelin, J.Gordon; Proc.Nati.Acad. [39] World Health Organization; ‘The WHO Mode List
Sci.USA, 76, 4350-4354 (1979). of Essential Medicines’, 14" Edn., March 2005,

[35] FWalter, M.Siegel, H.Malke; Nucleic Acids Res., http://whqlipdoc.who.int/hg/2005/a87017_eng.pdf,

(10" February 2007), (2007).

BioTechnologqy —

Hn Tudian Jounual


http://whqlipdoc.who.int/publications/2004/
http://whqlipdoc.who.int/hq/2005/a87017_eng.pdf,

