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Abstract

We cloned the streptokinase (STK) gen&wéptococcus equisimilis Key words

in an expression vector oEscherichia colito overexpress the - Recombinant streptokinase
profibrinolytic protein under the control ofac promoter. Almost all -« Plasminogen activators
the recombinant STK was exported to the periplasmic space arftfotein purification
recovered after gentle lysozyme digestion of induced cells. The" """ " s
periplasmic fraction was chromatographed on DEAE Sepharose fol-

lowed by chromatography on phenyl-agarose. Active proteins eluted

between 4.5 and 0% ammonium sulfate, when a linear gradient was

applied. Three major STK derivatives of 47.5 kDa, 45 kDa and 32 kDa

were detected by Western blot analysis with a polyclonal antibody.

The 32-kDa protein formed a complex with human plasminogen but

did not exhibit Glu-plasminogen activator activity, as revealed by a

zymographic assay, whereas the 45-kDa protein showgg=a0k70

UM and ks = 0.82 s!, when assayed with a chromogen-coupled

substrate. These results suggest that these proteins are putative frag-

ments of STK, possibly derived from partial degradation during the

export pathway or the purification steps. The 47.5-kDa band corre-

sponded to the native STK, as revealed by peptide sequencing.

Streptokinase (STK), a protein of 415 nant DNA technology that could be used to
amino acids that does not contain disulfideproduce high quantities of recombinant STK
bridges, is produced and excreted by somé&STK) avoiding the contamination risks that
strains of [3-hemolytic streptococci (1,2).arise from the manipulation of pathogens
Because of its ability to activate the fibrin- such as those belonging to the streptococcus
olytic system, itis currently used as a throm-species. The first step in the development of
bolytic agent for the treatment of patientssuch a method implied the cloning of the
with acute myocardial infarction (3,4). The STK gene in the non-pathogétscherichia
production of STK by methods yielding a coli JIM105, and is the subject of the present
high benefit/cost or benefit/risk ratio is highly study.
desirable. One of those methods is recombi- The following oligonucleotides were used
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5 >

43 > .

0 > . B _ and hydrophobic chromatography on a phe-

27 S e

12 > .

proteins eluted from the DEAE Sepharose column with STK activity. The major . ” : .
forms of rSTK are shown. N-terminus of this particular band was chemi-
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for gene amplification by the polymerasdeast 120 mg/l of the recombinant protein
chain reaction technique: 5’ TAG GAG GTT after induction with 0.5 mM isopropyl-2-
TCTATG AAAAATTACTTAT3 and5 galactopyranoside (IPTG) during the expo-
CCG TGG TTA TTT GTC GTT AGG 3. nential growth phase. Cells were harvested 3
The amplified STK gene oStreptococcus h after induction and the periplasmic frac-
equisimiliswas inserted into the unigBmad  tion extracted by treatment with 3.5 mM
site of pKK 223-3 (Pharmacia) to transformlysozyme in 50 mM Tris-HCI buffer, pH 8.0,
E. colicompetent cells. The STK gene inserand 20% sucrose for 30 min on ice (5). STK
tion, including a 26-amino acid residue sig-activity was determined by the casein-plas-
nal sequence, was confirmed by multipleninogen plate assay (6). Briefly, 20 ul of the
fragment nucleotide sequencing of the leaddifferent fractions was used to fill wells cut
ing strand in the new plasmid isolated frominto plates prepared from a medium contain-
one ampicillin-resistant/STK-positive clone.ing 1% agarose, 1% skim milk, and 20 nM
Furthermore, DNA sequencing data shovinuman plasminogen (Pg) in 50 mM Tris-
that the cloned STK gene has the capacity tdCIl, pH 8.0. The area of the lysis zone
code for a 47.5-kDa mature protein. Thesurrounding the wells after 4-6 h of incuba-
recombinant plasmid, which contains a strongjon at 3?C was correlated with dilutions of
tac promoter, allowed the expression of aa standard native STK solution. Almost all
the rSTK activity was obtained in the
B periplasmic fraction, confirming that the ex-
p S P D port pathway oE. coliis capable of recog-
nizing the signal sequence 8f equisimilis
STK (6). Three major rSTK derivatives of
47.5 kDa, 45 kDa and 32 kDa were detected
by zymography and by Western blot analysis

_475 (7) (Figure 1).
—— —45 Periplasmic rSTK forms were purified
by a two-step procedure including anion ex-
change chromatography on DEAE Sepharose

nyl-agarose column. The rSTK species eluted
between 4.5 and 0% ammonium sulfate when
a linear gradient (10%-0%) was applied to
the latter column (Figure 2). The 47.5-kDa
band corresponded to the native form of
STK, as confirmed by NH-terminal sequenc-
ing. The 45-kDa band with Pg-activating
activity is similar to an active degradation
N— product of the mature protein, lacking 31 or

Figure 1 - SDS-PAGE (A) and Western blot analysis (B) of periplasmic streptoki- 32 C-terminal amino aCidS! as preViOUSly
nase (STK). Periplasmic proteins were separated on a 0.1% SDS/15% polyacryl- reported by Muller et al. (8) This fragment

ar‘mde gel and stained with Cooma53|§ blue. A. replica Was blotted ontg a retained the biological activity to almost the
nitrocellulose membrane and analyzed with an anti-STK rabbit polyclonal antise-

rum developed against native STK. A, Lane M: molecular weight standards same extent as native STK, when assayed
(serum albumin, 66 kDa; ovalbumin, 43 kDa; carbonic anhydrase, 30 kDa; soy- ~ with @ chromogenic substrate for plasmin

bean trypsin inhibitor, 22 kDa; lysozyme, 14 kDa); lane P: periplasmic proteins. B, (K =0.70 |J|V| and ga =0.8249vsK.=0.77
Lane S: native STK; lane P: periplasmic proteins; lane D: “pool” of periplasmic m ) t ) m )

MM and k.= 0.80 &, respectively) (9). The
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cally or sterically “compromised” and couldresulting from a defective excretion mech-
not be sequenced. anism could be overcome.

It has been demonstrated that coliis As already stated, some putative frag-
capable of recognizing and processing Gramments arise when heterologous proteins are
positive signal peptides (10) and that heterexcreted into the periplasmic space kn
ologous proteins are secreted by a defectivali. The 32-kDa species is possibly the
mechanism which could be implicated inresult of nonspecific proteolytic cleavage of
some deleterious effects such as the reduttie gene product during the secretion path-
tion of cell growth, possibly due to a saturaway and/or during the purification steps (6),
tion of the export pathway (8). This alsoeven though such low molecular form of
explains the physical basis of the structuralSTK was observed in the presence of 1 mM
alterations observed in rSTK and in recomphenylmethylsulfonyl fluoride and 1 mM
binant staphylokinase, another bacteriagthylenediaminetetraacetic acid. This frag-
exoprotein with profibrinolytic activity (11). ment forms a complex with the zymogen

In the present study the expression ofdata not shown) but did not activate human
rSTK was tightly repressed until cells reache#g. Recently, Rodriguez et al. (12) demon-
maximal growth; the use of a plasmid constrated that different regions of the STK
taining atac promoter allowed us to overex-molecule mediate different aspects of the
press the recombinant protein once the celBTK-Pginteractions including STK-Pg com-
attained the end of the exponential growtlplex formation, active site exposure and im-
phase. By using this strategy, the problemgairment of the inhibition of plasmin ly2-
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Figure 2 - Elution profile of rSTK
produced in E. coli by phenyl-
agarose column chromatogra-
phy. The periplasmic protein
‘_-.-.... S fraction with streptokinase

(STK) activity eluted from the
DEAE Sepharose column was
applied to a phenyl-agarose col-
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antiplasmin. The results obtained in the pressignificance of the 32-kDa fragment requires
ent study add to those observations, showirfgrther investigation.

that a putative fragment of 32 kDa is capable

of binding to human plasminogen withoutAcknowledgments

activating it. Since structural modifications

of proteins which participate in zymogen We thank D. Nieto, L. Romero and H.
activation through the formation of an acti-Arias for technical assistance, and Dr. M.H.
vation complex are of considerable interesBueno da Costa and Dr. Marco Parada for

for the understanding of structure-functiorhelpful discussion.
relationships, it is clear that the biological

References

1. Castellino F & Sodetz J (1976). Streptoki- Malke H & Ferreti J (1984). Streptokinase: 10. Beckwith J & Ferro-Novick S (1986). Ge-
nase. Methods in Enzymology, 45: 244- cloning, expression and excretion by netic studies on protein export in bacte-
257. Escherichia coli. Proceedings of the Na- ria. Current Topics in Microbiology and

2. Tang J & Jackson W (1982). Complete tional Academy of Sciences, USA, 81: Immunology, 125: 5-27.
amino acid sequence of streptokinase and 3557-3561. 11. Yarzébal A, Bastidas M, Avilan L, Cruz J &
its homology with serine proteases. Bio- Maniatis T, Fritsch EF & Sambrook J Puig J (1997). Induction conditions for
chemistry, 21: 6625-6628. (1989). Molecular Cloning: A Laboratory maximizing recombinant staphylokinase

3. Castellino FJ (1979). A unique enzyme- Manual. 2nd edn. Cold Spring Harbor, expression in Escherichia coli. Biotech-
protein substrate modifier reaction: plas- New York. nology Letters, 19: 633-637.
min/streptokinase interactions. Transac- Midller J, Reinert H & Malke H (1989). 12. Rodriguez P, Fuentes P, Barro M, Alvarez
tions of the International Biochemistry So- Streptokinase mutations relieving Esche- J, Munoz E, Collen D & Lijnen R (1995).
ciety, 1: 1-b. richia coli K-12 (prlA4) of detriments Structural domains of streptokinase in-

4. Rutherford JD & Braunwald E (1990). caused by the wild-type skc gene. Journal volved in the interaction with plasmino-
Thrombolytic therapy in acute myocardial of Bacteriology, 171: 2202-2208. gen. European Journal of Biochemistry,
infarction. Chest, 97: 136-145. . Jackson K, Malke H, Gerlach D, Ferreti J 229: 83-90.

5. Talmadge K, Stahl S & Gilbert W (1980). & Tang J (1986). Active streptokinase

Eukaryotic signal sequence transports in
insulin antigen in Escherichia coli. Pro-
ceedings of the National Academy of Sci-
ences, USA, 77: 3369-3373.

Braz J Med Biol Res 30(12) 1997

from the cloned gene in Streptococcus
sanguis is without the carboxyl-terminal
32 residues. Biochemistry, 25: 108-114.



