
A METHOD OF SECRETORY EXPRESSION OF LYSOSTAPHN IN ESCHERICH1A COI] AT HIGH
LEVEL Technical Field  The present invention relates to production of protein or polypeptide drugs
using recombinant DNA techniques, and specifically:, relates to a method of producing lysostaphin by
secretory expression in Escherichia coli. 10 Background Art  Lysostaphin was first found by Schindler
and Schuhard (U.S patent No. 3,278,378; 1966) in the culture of Staphylococcus simulans in 1964,
which has a molecular weight of 27 kDa, and 15consists of 246 amino acids. The lysostaphin, which is
an endopeptidase, functions through lysing the pentaglycine cross-links in Staphylococcus cell wall
peptidoglycan, thereby disrupting the integrity of the cell wall and ]sing the bacterial cell body. The
lysostaphin gene has been expressed in Escherichia coil, Bacillus subtitlis and Bacillus .sphaericus
etc. utilizing molecular cloning method in China and abroad since 1980s. 20Because of its unique
mechanism of killing bacteria, lysostaphin is able to lyse the cell wall of Staphylococcus quickly at a
low concentration, hence it has an immediate action  and a robust activity against the bacteria. In
addition, a resistant bacterial strain is rarely induced by lysostaphin, and lysostaph n has a specific
antibacterial spectrum. Recombinant lysostaphin in high purity can be commercially manufactured in
China and abroad nowadays, and it has been widely used in studies of bacteriology, disinfection, and
enzymology, and in clinically anti-bacterial therapy etc. Since Staphylococus Simulans belongs to a
pathogen and produces only limited amount of lysostaphin, and for sake of the recent development of
molecular biology technology, Recsei et al from the U.S.A. utilized the molecular cloning method to
express 10lysostaphin gene in Escherichia coli JM 105, Bacillus suhtilis and Bacillus sphaericus 



in 1987. The amount of lysostaphin expressed in Escherichia coli JIVI 105 is 3ug/ml, of which 65%
exists in the culture supernatant. 15% in the cell periplasm, and 20% in the cytoplasm. A patent was
granted in 1990, with the patent No. 4931390, which discloses inserting a 1.5 kb lysostaphin-encoding
DNA fragment into vector plIC8, pBCI6, pBD64 or pSPV1 to form the recombinant plasmid pRG5,
pJP1, pDF8 or pRP I , respectively, pRG5 is used to transform Escherichia coli JM105. pJPI, pDF8,
and pRPI are used to transform various Bacillus (Bacillus subtilis BD170, Bacillus sphaericus 00), the
lysostaphin produced thereby is identified by immunological techniques and electrophoresis, then
compared with lysostaphin produced by S. Simulans. The amount 20of lysostaphin (150 mg/L)
produced from Bacillus sphacricus transformants is 5 times of that produced by S. sirrtulans. This
referenced patent also provides a 1.5kb DNA  sequence, which encodes a precursor of prolysostaphin
with 389 amino acids, and this precursor is processed to be mature lysostaphin after translation.
Recently it has been found that lysostaphin has heterogeneous N-terminal, most of them have two
amino acids shorter than that of wild-type lysostaphin. 5 WAL1ER P.HAMMES et al from Germany
expressed the lysostaphin acne with the precursor deleted in Meat Lactobacilli (a lactobacillus) in
1996. The aim for deleting the precursor is to acquire stable expression in Meat Lactobacilli, please
see patent No.: EP0759473; 1997, but this method remains to be intracellular expression. 10 In 1999,
an Indian company, Biotechnology International Limited applied for a patent relating to recombinant
mature lysostaphin, publication No. WO 01/29201, wherein the lysostaphin precursor and the signal
peptide portion are deleted, the start codon ATG (encoding the first amino acid: methionine) is added
directly before the recombinant 15mature lysostaphin gene, and the above engineered sequence is
cloned into pET1 lb positioned behind T7 promoter, and then the lysostaphin expression is induced by
TPTG. In this referenced patent application, the lysostaphin is expressed in Escherichia coli as an
inclusion body, with the desired protein stored in the cell as an insoluble inclusion 



body, and the protein can be only isolated by disrupting the bacterial cell. During the 20isolation,
protein denaturants has to be used, and the protein must be renatured. However, various molecules
will incorrectly bind together and form into abnormal 3  structures in the renaturation. At the same time,
the cell body remnants are hard to be cleaned out in the genetically-engineered drug manufacturing
process, thus negatively affecting the quality of the recombinant product. 5There is no highly effective
way of secretory expression of the lysostaphin in Escherichia colt. Secretory expression has the
following advantages: the expressed protein exists in the culture medium as a final active form, so
there is no need for renaturation of inclusion body; the desired protein is relatively easy to be isolated
from the culture supernatant, with high yield; and there is less contamination of the proteins 10from
host. Disclosure of Invention     The technical problem, which needs to be solved by the present
invention, is to provide a method for highly effective expression of lysostaphin in Escherichia colt by
means of 15secretion to overcome the defects in the art. The general inventive concept of the
invention is below: Since the discovery of lysostaphin in 1960 till now, in view of this enzyme's
excellent bactericide activity to Staphylococcus aureus, in particular, to a drug-resistant strain of 20S.
aureus, studies for its medical use in human have been performed at home and abroad, 



and even have gone to the phase of new drug approval application. However, since the 4
recombinant lysostaphin has only been successfully expressed in Bacillus sphaericus ever since, but
this engineered bacterial strain has not been approved for drug use till now, and the prokaryotic
expression hosts approved for human drugs arc Escherichia coli and yeast. This is the problem all the
research groups in the whole world are facing 5and trying to solve when they want to apply for new
drugs. Attempt has been made for years to use Escherichia coli for expression of the interested
enzyme, but has never succeeded. The German scientist in 1997 and the US scientist in 2003 utilized
a lactobacillus in stead of Bacillus sphaericus to express lysostaphin, but  10 lactobacillus is not
approved for drug use either, hence the problem also exists during new drug application. In addition,
the expression by lactobacillus is an intracellularly soluble expression while the cost for such an
expression is high. The Indian scientist utilized Escherichia coli to express lysostaphin in a form of
ISinclusion body, and the expressed lysostaphin protein was stored in the cell as an insoluble inclusion
body. To isolate the protein, the bacterial cell body must be disrupted beforehand. During the isolation
process, protein denaturants must be used, and then the protein has to be rcnatured finally for drug
use. However, there will be numerous molecules with abnormal structures formed by erroneous
binding in the 20renaturation. Also the cell body remnant proteins are the material hard to be cleaned
out  during the manufacture of genetic engineered drugs, thus negatively affecting the quality of the
recombinant product. Till now, there is no breakthrough both at home and abroad in the field of
lysostaphin 



5expression system for human drugs, and the same problem exists in industrialization and new drug
application. Therefore, if secretory expression of lysostaphin gene in Escherichia coli can be achieved,
it will expedite the process of applying for a new drug that has the proprietary IP rights in China, and.
brings enormous economical and social benefits. The present invention tries to add a segment of
signal peptide sequence that nduces secretory expression in Escherichia coil before the coding
sequence of mature lysostaphin, aiming at secretory expression of lysostaphin in Escherichict coll.
There is no report in the art about secretory expression of lysostaphin in Escherichia coli without
15presence of prolysostaphin. The technical solution of the present invention is below: The present
invention provides a method for secretory expression of lysostaphm in Escherichia coil, including the
steps of :  (1) Constructing an expression vector, including cloning a signal peptide-encoding DNA
sequence before part or whole gene sequence of mature lysostaphin, and linking thus cloned
sequence to a promoter; wherein the signal peptide is phoA, OmpA, Lysn or pelB; 5(2) Transforming
Escherichia coli with the vector constructed in step (I), culturing and fermenting; (3) Isolating the
lysostaphin from the fermentation supernatant.     Wherein the lysostaphin has the same sequence
with the wild-type lysostaphin, and its 10mutants are also included, such as the mutant with two
alanine deleted at N-terminus. Amino acid sequence of OmpA signal peptide is below: SEQ.ID.N0:3:
MKKTAIAIAV ALAGFATVAQ A I5 Amino acid sequence of phoA signal peptide is below: SEQ.M.N0:5:
MKKMSLFQNM KSKLLPIAAV SVLITAGIFAG A 



Amino acid sequence of Lysn signal peptide is below: 20 SEQ.ID.N0:6: MKKTKNNYYT RPLAIGLSTF
ALASIVYGGI QNETHAS  Amino acid sequence of pell3 signal peptide is below: SEQ.ID.N0:7:
MKRLCI.WFTV FSLFLVLLPG KALG Wherein the type of lysostaphin expression in step (2) is
inducible expression. 5 Wherein said vector is an expression vector for Escherichia cull, may be
selected from one of the pUC series, pET series or pGEX series, or even pBV220. Wherein the
promoter may be selected from one of T7 promoter, P1 Pr promoter or lacIIV5 promoter. Particularly,
the steps are as follows: first, a pair of suitable primers were synthesized, then the lysostaphin
sequence was selectively amplified by PCR method utilizing pyrobest enzyme (a high -fidelity DNA
polymerase) and whole DNA of Staphylococits 15 Simulans (NRRL B-2628) as a template. The
amplified product was determined and recovered through electrophoresis on agarose containing
Ethidium bromide. The purified amplification product was digested with NdeI and HindIII. The digested
segment was ligated to the vector digested with Ndell and HindIII in the same way using T4 DNA
ligase at 16C for 2 hours. The ligation mix was used to transform Escherichia 20coli, thus getting the
reco mbinant plasmid.  The recombinant plasmid was sequenced via automatic DNA sequencer. Its
sequence was compared with the known sequence encoding the signal peptide and the mature
lysostaphin gene, and the comparison result revealed that these sequences were identical. 



5 Escherichia coil was transformed with the recombinant plasmid. Positive clones were picked up, and
inoculated into 50m1 LB broth (containing 30mg/m1 kanamycin), and incubated at 37C with shaking,
till 0D600 of the culture was 0.6, then IPT6 was added to a final concentration of 0.05 mIVI to induce
the expression of interested protein, then 10continued to culture for 3 hours. The fermentation broth
was centrifuged, and then the lysostaphin activity in the supernatant was determined by
spectrophotometric assay. The advantage for the method of the secretory expression of lysoseaphin in
Escherichict coli at high level provided by the present invention lies in that the expression product
15exists in the culture medium in the form of active mature lysostaphin, while no renaturing steps for
inclusion body are needed; it is relatively easy and convenient to purify the interested protein from the
culture supernatant, with less protein contaminants from host cell; and the expression product amount
may be up to 200-400mg/L, with the yield over 60%. 20 An alternative aspect of the present invention
is to provide an expression vector, comprising a promoter, a signal peptide-encoding DNA sequence,
and part or whole gene sequence of mature lysostaphin, wherein the signal peptide-encoding DNA
sequence is cloned before the part or whole gene sequence of mature lysostaphin, and 25linking thus
cloned sequence to a promoter; wherein the signal peptide is phoA, OmpA, Lysn or pelB. Description
of Drawings   Fig. I demonstrates the mature lysostaphin gene amplified by PCR from the whole DNA
of Staphylococus Simulans (NRRL B-2628) ,   Lane a hand of amplified product using whole DNA of
Staphylococus SlumIons (NRRL B-2628) as a template, SEQ.ID.N0:1 and SEQ.ID.N0:2 as a pair of
primers, 



5size 887bp; Lane M: Standard protein molecular weight Marker; Fig.2 demonstrates the construction
of secretory expression vector for recombinant lysostaphin;     Fig.3 demonstrates SDS-PAGE
electrophoresis of purified lysostaphm; 10Lane I: roughly purified sample Lanes 2-3: further purified
sample Lane 4: refined purification sample Lane M: standard protein molecular weight Marker     Fig.4
demonstrates SDS-PAGE electrophoresis and Western blot analysis of purified 15lysostaphin; Lane A:
SDS-PAGE Lane B: Western blot Lane M: standard protein molecular weight Marker;      Fig.5
demonstrates the purified lysostaphin determined to be of molecular weight 20 26927Da by
MALDI-TOF.  



Specific mode for carrying out the invention  Example 1: construction of secretory expression vector of
recombinant lysostaphin e. cloning of fusion gene of the OmpA signal peptide and the mature
lysostaphin 5First, the oligo-nucleotide sequence was designed and synthesized below: SEQ.ID.NO: 1
5'-TACATATGAAAAAGACAGCTATCGCGATTGCAGTGGCACTGGCAGGT 11 CG
CTACCGTCGCTCAGGCTGCTGCAACACATGAACATTCAGCAC-3' SEQ.II/NO:2 10
5-CCAAAGCTTCAACITTAGGAATGAG-31 In designing SEQ.ID.N0:1, at 5' terminus was added with a
gene sequence of Ndel restriction enzyme site (italic part), as well as a gene sequence encoding
OmpA signal peptide (underlined part). 15 In designing SEQ.ID.N0:2, at 5' terminus was added with a
gene sequence of Hind111 restriction enzyme site (italic part). The lysostaphin sequence was
selectively amplified through PCR method using pyrobest enzyme (a high fidelity DNA polymerase),
and whole DNA of Staphylococus Snnulans (NRRL B-2628) as a template, and SEQ. ID. NO:1 and
SEQ. ID. NO:2 as a 11  pair of primers. The amplified product was determined and recovered by
electrophoresis on a.garose containing Ethidium bromide. As shown in Fig. 1, M denotes a lane of the
molecular weight Marker, Lane 1 denotes the band of product sized 887bp, which was amplified using
whole DNA of Staphylococus Simulans (NRRL B-2628) as a template, 5and SEQ. ID. NO:1 and SEQ.
ID. NO:2 as a pair of primers. 



The purified amplification product was digested with Ndel and Hind111. The digested segment was
ligated to the pET3Ott vector digested with NdeI and HindITT in the same way using T4 DNA ligase at
16C for 2 hours. The ligation mix was used to transform 10Escherichia coli DI-I5a, thus getting the
recombinant plasmid pET-OmpAlss, as shown iii Fig.2. The recombinant plasmid was sequenced via
automatic DNA sequencer. Its sequence was compared with the known sequence encoding the signal
peptide and the mature 15lysostaphin gene, and the comparison result revealed that these sequences
were identical. The amino acid sequence encoding OmpA signal peptide of constructed recombinant
plasmid pET-OmpAlss is below: 20 SEQ.ID,1\10:3: MKKTA1AIAV ALAGFATVAQ A  The amino acid
sequence encoding mature lysostaphin of the recombinant plasmid pET-OrnpAlss is below:
SEQ.ID.N0:4: AATHEHSAQW LNNYKKGYGY GPYPLGINGG MHYGVDEFMN IGTPVKAISS 5
GKIVEAGWSN YGGGNQIGLI ENDGVEIRQWY MIILSKYNVKV GDYVKAGQII GWSGSTGYST
APEILEIFQRMV NSFSNSTAQD PMPFLICSAGY GKAGGTVIPT PNTGWKTNKY GTLYKSESAS
FTPNTDIITR TTGPERSMPQ SGVLKAGQTI HYDEVIMKQDG HVWVGYTGNS GQRIYLPVRT
WNKSTNTLGV LWGTIK 10Example 2: establishment of engineered bacteria expressing recombinant
lysostaphin by means of secretion 



Escherichi a call strains TOP10, JM109(DE3), BL21(DE3) were transfromed with recombinant plasmid
pET-OmpAlss, respectively. Positive clones were picked out and inoculated into 50 ml LB broth
(containing 30mg/m1 kanamycin), and incubated at 37C 15with shaking, till 0D600 of the cultured
broth increased to 0.6, then IPTG was added to a final concentration of 0.05 mM to induce protein
expression, further incubated for another 3 hours. The fermentation culture was centrifugated, and the
lysostaphin activity in the supernatant was determined by spectrophotometric assay.  Esclterichia coli
strains TOP10, .111).4109(DE3), BL2l (DE3) containing recombinant plasmid pET-OmpAlss of
Example 2 were used to determine the lysostaphin activity by spectrophotometric assay. In particular,
the determining method is below: 1. Principle 5The quantitative assay of lysostaphin is accomplished
by spectrophotometric assay, using the coupled KNR light blue dyed staphylococcus aureus cell wall
peptidoglycan (KNR-PG) as a color resource substrate. According to the amount of small molecules of
soluble segment product carrying the KNR dye moiety that is quantitatively released during the
enzyme action process, the supernatant is determined cothrimetrically to 10calculate the activity of the
enzyme. This method is easy and convenient, with high sensitivity and visualization. 2. Instruments
and Reagents 2.1 Instruments: 152.1.1 Ultra violet - visible spectrophotometer or enzyme-labeled
instrument; 2.1.2 high speed freezing desktop centrifuge; 



2.1.3 electronic scale; 2.1.4 electronic constant temperature water bath; 2.1.5 10u1, 20111, 200uk,
1000u1 pipettes and tips; 202.1.6 vortex  2.2 Reagents: 2.2.1 lysostaphin working sample, prepared
by the applicant; 2.2.2 color resource substrate ICNR-PG prepared by the applicant, homogenously
suspended in 0.2 mol/L Gly-Na0II buffer (pH10.0) in a ratio of 1:5 (m/v), for later use; 5 2.2.3 glycine
and NaOH are analytical grade, prepared to be 0.2 mol/L Gly-NaOH buffer, for later use (0410.0);
2.2.4 Tris, prepared to be 0.05mol/L Tris-FIC1 buffer for later use (p117.5); 2.2.5 95% ethanol,
analytical grade. ID3 Experimental steps 3.1 Preparation of lysostaphin working sample The
lysostaphin working sample is stored at -20C after being calibrated. Right before its use , 1.0 ml of
0.05mol/L Tris-IIC1 buffer (pH7.5) is precisely added, to make it resolve to get a reference sample of
90.0 IJ/ml, then aliquoted into several Eppendorf 15tubes, 50 ul for each tube; and stored at less than
-30C in a refrigerator. Right before 



its use, 450 IA of 0.05mol/I, Tris-IICI buffer (p1I7.5) is added into one such tube to dilute it into 9.0 II/
ml reference solution. Each tube is used once to avoid repeated thawing and freezing. 203.2
Preparation of standard curve  Six clean and dry Eppendorf tubes are numbered, and arc added with
corresponding amount of the lysostaphin reference solution according to the sequence in Table I, and
then are added with various amount of 0.2mol/I,Gly-NaOH buffer. 5Then 130 of the color resource
substrate KNR-PG is added according to the order of numbering, after the substrate is added, each
tube is rapidly mixed to homogenize the contents in the tube.      Then the Eppendorf tube containing
the above added solution is transferred to 37C 10water bath and incubated for 20 mm. The Eppendorf
tube is taken out of the water bath, 300M of 95% ethanol is added hi the order of numbering to stop
the reaction, and centrifuged at 10,000 rpm for 10min, alter centrifugation, the absorbency of the
supernatant is determined at 595nm, with the 15number 0 tube as a blank control. The lineal
regression curve is plotted according to the determined absorbency value and the corresponding
reference sample concentration C (II/m1) : A=KC + B 20wherein K is the standard slope, B is the
intercept, A is the absorbency, C is the concentration (U/m.  



Table 1Preparation of standard curve     Tube number 0 1 2 3 4 5 Lysn (0) 0 20 



40 60 80 100 Gly buffer (0) 770 750 730 710 690 670 substrate (0) 130 130 130 



130 130 130 incubating in 37C water bath for 20min     95% ethanol (p1) 300 300 300 300 300 



300 Lysn final concentration0 0.2 0.4 0.6 0.8 1.0 3.3 Sample assaying       The assay method is like
the method for standard curve. The sample to be assayed is 



pre-diluted with 0.05 mo1/1 Tris-HC1 dilution buffer (017.5), 50 0 is used for assaying, with each
sample assayed in duplicate, and the result is the average value of twice measures. 104. Calculation
of the result Calculation formula: = NxCmcastirex 0.9/0.05 wherein: Crne.re is the measured value
(U/ml) for the sample, N is the dilution times, Co     is the original activity (13/m1) of the sample, 0.9 is
the reaction volume (m1), 0.05 is the 15added sample volume (ml).  5 Results Escherichia coli strains
TOP10, JM109 (DE3), BL21 (DE3) containing the recombinant plasmid pET-OmpAlss had a
lysostaphin expression activity of 56U/ml, 451.1/ml, 70U/ml, respectively. Example 4: identification of
recombinant lysostaphin TOP10 containing recombinant plasmid pET-OmpAlss was inoculated into
50m1 LB broth (containing 30mg/mIkanamycin), and incubated at 37C for 16 hours with shaking, then
re-inoculated into laboratory shake flask with 3 liter LB broth 10 (containing 30mg/mlkanamycin),
incubated at 37t for 5 hours with shaking, then 1PTG was added to a final concentration of 0.05mM,
then further cultured for another 3 hours to induce the expression of the protein; next, the fermentation
broth was centrifuged, and purified by a cation column chromatograph, hydrophobic column
chromatograph, gel filtration, finally to obtain 83 mg lysostaphin product with purity of 



15greater than 95% and specific activity of 1103 U/mg, which was comparable to the specific activity
of lysostaphin from Sigma. The pun lied 1?,,sostaphin was identified by SDS-PAGE electrophoresis
and western blot, as shown in Fig.3 and Fig.4, wherein lanes 1-4 are e e ation supernatant, cation
20column chromatograph purified sample, hydrophobic chromatograph purified sample, gel filtration
purified sample, respectively;  and lane M is low molecular weight Marker.   The purified lysostaphin
was determined to be of molecular weight 26927Da by MAI.DI-TOT (as shown in F .5), very close to
die theoretically calculated molecular Sweight 26924Da, and to the molecular weight 26912Da of
Sigma lysostaphin. The N-terminal amino acid residue assay results of the purified lysostaphin: the
first 15 ammo acids at the N-terminus were identical to those of the nature lysostaphin, i.e.
AATHEHSAQWLNNYK.  MCSLLP Claims  1. A method for secretory expression of lysostaphin in
Escherichia eoli, characterized by comprising the steps of: (I) Constructing an expression vector,
including cloning a signal peptide-encoding DNA sequence before part or whole gene sequence of
mature lysostaphin, and linking thus cloned sequence to a promoter; wherein the signal peptide is
phoA, OmpA, Lysn or pelB;  (2) Transforming Escherichia coli with the vector constructed in step (1),
culturing and fermenting; 



(3) Isolating the tysostaphin from the fermentation supernatant. 2. The method for secretory
expression of lysostaphin in Eseherichia coli according to claim 1, characterized in that said
lysostaphin further comprises its mutant. 3. The method for secretory expression of lysostaphin in
Escherichia coli according to claim 2, characterized in that the expression of lysostaphin in step (2) is
inducible expression. 4. The method for secretory expression of lysostaphin in Escherichia coli
according to any one of claims 1-3, characterized in that said vector is a vector for expression in
Escherichia coli. 5. The method for secretory expression of lysostaphin in Escherichia coli according to
claim 4, characterized in that the vector for expression in Escherichia coli is one of pLIC series, pET
series or pGEX. 6. The method for secretory expression of lysostaphin in Escherichia coli according to
claim 4, characterized in that the vector for expression in Escherichia coli is pBV220. 7. An expression
vector, comprising a promoter, a signal peptide-encoding DNA sequence, and part or whole gene
sequence of mature lysostaphin, wherein the signal peptide-encoding DNA sequence is cloned before
the part or whole gene sequence of  MCSLLP mature lysostaphin, and linking thus cloned sequence to
a promoter; wherein the signal peptide is phoA, OmpA, Lysn or pelB.  8. The expression vector of
claim 7, characterized in that the promoter is one of T7 promoter, P1Pr promoter or lacIN5 promoter.
9. The expression vector of claim 7 or 8, characterized in that the vector is one of OK: series, pET
series or pGEX.  10. The expression vector of claim 9, characterized in that the vector is
pET-OmpAlss. 




