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 ly at a
low concentratllg{/rim ence%g agggém%glggé&g{%on an }() %ﬁsﬁ[@] I%ﬁ%agalnéc(gﬁ%ﬁgéf ia. In

addition, a resistant bacterial strain is rarely induced by lysostaphin, and lysostaph n has a specific
antibacterial scﬁgé{r%%‘ﬁ&nt 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
enzymoldgy, 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 biolpgyirehpiRgy, 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

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

15 consists 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 lysing the bacterial cell body. The
lysostaphin gene has been expressed in Escherichia coli, Bacillus subtitlis and Bacillus
sphaericus etc. utilizing molecular cloning method in China and abroad since 1980s.

20 Because of its unique mechanisrﬁ of killing bacteria, lysostaphin is able to lyse the cell

wall of Staphylococcus quickly at a low concentration, hence it has an immediate action
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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 |, respectively, pRG5 is used to transform Escherichia coli IM105. pJPI, pDF8,
and pRPI are used to transform various Bacillus (Bacillus subtilis BD170, Bacillus sphaericus 00), the
lysostaphin produacelusterabytisqdgensifidd tacienaUnciddjiced te cbmistue dane eletteopharesis, then
compared with lysostaphin produced by S. Simulans. The amount 200f lysostaphin (150 mg/L)

produced fromBreilvs ERBAGHRIS irANStosmMARtS IndatipesiRf thab Rredicaidhyus: sirrtulans. This
referenced patent also provides a 1.5kb DNA sequence, which encodes a precursor of prolysostaphin

with 389 amilf@ i i ur iS pr ed to be mature lysostaphin after.franslation.
Recently it has &%%%1%%;%%9 é%%éé%ﬁﬁ%ﬁﬁgegt%%ggg rﬁ%ﬁ%ﬂ%&%ﬁﬁ%ﬁ%ﬁ&f& gﬁérrlﬁ have two

amino acids sharter than that of wild-type Iésostaphin. 5 WAL1ER P.HAMMES et al from Germany
expressed th&"SS6APHVAGHESwARS dh 8RS B elIuted h digs A dupeEmiog¥iactobacillus) in

1996. The aim for deleting the precursor is to acquire stable expression in Meat Lactobacilli, please
see pateht NdisiEROT5047E,; cra9Moingytsdwe thiodcedimantistiac el i ttecedy kic 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 beforg;the 57 ipoacn 1om r%@{é& Hgt&in ne,.and the ahove endineered sequence is
cloned into pEll'l Ib pgé}%l%neg%)emﬁés %57 prongoter, g??(%ﬁgﬁadtﬁaeh{/gs&%%sp%ﬁyex%%ggs?cr)l}lo}ls% l|tjnduced by
TPTG. In this referenced patent application, the lysostaphin is expressed in Escherichia coli as an

inclusion body! Witts R He e dBrisie i sibrdecrntnes lanreahohasiserantipsy technology,

Recsei et al from the U.S.A. utilized the molecular cloning method to express

10 lysostaphin gene in Escherichia coli IM 105, Bacillus subtilis and Bacillus sphaericus
in 1987. The amount of lysostaphin expressed in Escherichia coli IM 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 pUC8, pBC16,

15 pBD64 or pSPV1 to form the recombinant plasmid pRGS5, pJP1, pDF8 or pRP1,
respectively. pRGS5 is used to transform Escherichia coli IM105. pJP1, pDF8, and pRP1
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

20 of lysostaphin (150 mg/L.) produced from Bacillus sphaericus transformants is 5 times

of that produced by S. simulans. This referenced patent also provides a 1.5kb DNA
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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: whechxprossed preteiroexiSpsdtyshetapiitoreimed mmaroadinsl arditiform, so
there is no need for renaturation of inclusion body; the desired protein is relatively easy to be isolated

from the cultgrecstipeinaiantswithdhighyiales BResthetie istless aanaonnREam0f thaapraieins 10from
host. Disclosure of Invention  The technical problem, which needs to be solved by the present

invention, is g, rpde A etiad 1At HQQ‘%’?H@&&@’R-@%&%&%&E!%&I ysgstamaiR 1/E3alggchia colt by

means of 15secretion to overcome the defects in the art. The general inventive concept of the

invention is below: Since the %iscover of lysostaphin. in 1960 till now, in view of this enzyme's
excellent bad@AtRIOLHRY (326 ik %&56)&:%058}%%3; in particular, to a drug-resistant strain of 20S.
aureus, studies for its medical use in human have been performed at home and abroad,
5
WALTER PHAMMES et al from Germany expressed the lysostaphin gene 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.:
EP(0759473; 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

15  mature lysostaphin gene, and the above engineered sequence is cloned into pET11b
positioned behind T7 promoter, and then the lysostaphin expression is induced by IPTG.
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

20  isolation, protein denaturants has to be used, and the protein must be renatured.

However, various molecules will incorrectly bind together and form into abnormal
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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 HEE HEGRSE ceiBi PR S Sieriamsdigisherrad drding mmanisaseientiseihe2003 utilized
a lactobacillus in stead of Bacillus sphaericus to express lysostaphin, but 10 lactobacillus is not
approved foradkugedseteithibe, feantenthequidide radadsogeisia flumimng o eve drsgtappliegiiore] in addition,
the expression by lactobacillus is an intracellularly soluble expression while the cost for such an
expression is,[iighin g heelpeian saiantisluilizadEsehigichia 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 i the DefelidtRdablY. sifeet el oas perrnarrisroten el dre resiatiranhard to be cleaned
out during the manufacture of genetic engineered drugs, thus negatively affecting the quality of the
recombinant BroduathifikaidWetheoeyisnodsseakasohgidiowiat hdmatape alheoachiastbe field of
lysostaphin

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

10 from 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 coli by means of

15 secretion 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
20 S. 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
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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 réseinHE Brtcabolisbeyordybsrprassioniot iy soptesshininAasdherighiaccaliawithout
15presence of prolysostaphin. The technical solution of the present invention is below: The present
invention providesiaceétnati fahgaratoryxaiessionndidy sostaehmpin &echeridia ¢ell.dncluding the
steps of : (1) Constructing an expression vector, including cloning a signal peptide- encoding DNA

sequence bejpre RaH @k WRMNSPENE SEAUENGEHRET JX&%EP%MnW%&”ﬁJ@%}P loned

sequence to apromoter wherein the signal peptide is phoA, OmpA, Lysn or pelB; 5(62r) ansformlng

Escherichia coI Wlth the vector.constructed i uring and fermenting; (3) Isolating the
lysostaphin from 1A YSiR eﬁi‘é&ll(?r%ée ri tilep\)\% %%ﬁ@@s’é‘s‘@pﬁ%‘)iﬁé’ nfecdFuence

with the wild-type lysostaphin, and its 10mutants are also included, such as the mutant with two

alanine delete’fidt \ngeipriplys Wieirbcacineequanie @ﬁ@‘mpdﬂggnal peptide is below: SEQ.ID.NO:3:
MKKTAIAIAV ALAGFATVAQ A 15 Amino acid sequence of phoA signal peptide is below: SEQ.M.NO:5:
MKKMSLFQNM KSKLLPIAAV SVLITAGIFAG A

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 Sphaericu& 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

15 inclusion 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 renatured finally for drug use. However, there will be
numerous molecules with abnormal structures formed by erroneous binding in the

20  renaturation. Also the cell body remnant proteins are the material hard to be cleaned out



Amino acid sequence of Lysn signal peptide is below: 20 SEQ.ID.NO:6: MKKTKNNYYT RPLAIGLSTF
ALASIVYGGI QNETHAS Amino acid sequence of pell3 signal peptide is below: SEQ.ID.NO:7:
MKRLCIL.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 lacllV5 promoter. Particularly,
the steps aredasiiglibwsiafirgticapait gt selitabhe ipiaetsiwesetbyntivesizedy thifer thes ljgostaphin
sequence was selectively amplified by PCR method utilizing pyrobest enzyme (a high -fidelity DNA

polymerase) angiwhele DA abatapybesecits 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 Ndel and Hindlll. The digested
segment was ligated to the vector digested with Ndell and Hindlll 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/plagfie thathds e BrankaA shkethrhirrsadetead ia BaBrd et BreAdRtencer. Its

sequence was compared with the known sequence encoding the signal peptide and the mature
lysostaphin gedpessano thesteonipdnisomrésigs, rave e danattivbsens exuenoss wersaigentioal.

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.

10
The present invention tries to add a segment of signal peptide sequence that induces
secretory expression in Escherichia coli before the coding sequence of mature
lysostaphin, aiming at secretory expression of lysostaphin in Escherichia coli. There is
no report in the art about secretory expression of lysostaphin in Escherichia coli without

15  presence of prolysostaphin.

The technical solution of the present invention is below:
The present invention provides a method for secretory expression of lysostaphin in

Escherichia coli, including the steps of :



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 0OD600 of the culture was 0.6, then IPT6 was added to a final concentration of 0.05 mlVI 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 ¢o)i @highderehprevidediby tetprdaenidingaitivindiesignt giefhrl oxpredsign product
15exists in the culture medium in the form of active mature lysostaphin, while no renaturing steps for
inclusion body,gig eRARD: BJIRFEMIYEY GRS Bk CONXERIEHE %%%é@%@fﬁﬁ?é}ﬁmm&{?n from the
culture supernatant, with less protein contaminants from host cell; andthe expression product amount
may be up to t%00-11100rcrimg/L,uwith %he ield over 0%..2Q0 An alt(?rnatgvda azgﬁc}xobthe pr sent invention
is to provide anu(g)?p%%sioeﬁl Vec %r?c‘?1 r%rﬁglﬁfj ‘élperrgﬁ%lo eer,Sl nsa}gﬂea]? ﬁ)eep]t? e-%ntoélilll?g Ansoéquence,
and part or whole gene sequence of mature lysostaphin, wherein the signal peptide-encoding DNA
sequence is deh&d 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 (Riglladefoonsidies thé maturk Wiso shaphiriogenesanptified $ypR ORcrbmitize whole DNA
of Staphylococus Simulans (NRRL B-2628), Lane a hand of amplified product using whole DNA of
Staphylococug,glinens{NRRL B-2628) as a template, SEQ.ID.NO:1 and SEQ.ID.N0:2 as a pair of
primers,

(3) Isolating the lysostaphin from the fermentation supernatant.

Wherein the lysostaphin has the same sequence with the wild-type lysostaphin, and its

10 mutants 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.NO:3: MKKTAIAIAV ALAGFATVAQ A

15
Amino acid sequence of phoA signal peptide is below:

SEQ.ID.NO:5: MKKMSLFONM KSKLLPIAAV SVLTAGIFAG A

Amino acid sequence of Lysn signal peptide is below:

20 SEQ.ID.NO:6: MKKTKNNYYT RPLAIGLSTF ALASIVYGGI QNETHAS




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
demonstratesAhepuaifid ddysestapiipetidtepminpebtalbés dtmatecular weight 20 26927Da by
MALDI-TOF.

SEQ.ID.NO:7: MKRLCLWFTV FSLFLVLLPG KALG

Wherein the type of lysostaphin expression in step (2) is inducible expression.

Wherein said vector is an expression vector for Escherichia coli, 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, P1Pr promoter or

10 lacUVS5 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 Staphylococus
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 Ndel and HindIII. The digested
segment was ligated to the vector digested with Ndel and HindIlI in the same way using
T4 DNA ligase at 16°C for 2 hours. The ligation mix was used to transform Escherichia

20 coli, thus getting the recombinant plasmid.



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.NO:1, at 5' terminus was added with a
gene sequence®f MaBIEaM BV Ecsitesedivip arp malin dNG sceemeselissemierstcoding _
OmpA signal %E}Pg& g&%e\gmg%gﬁgg%%%&%w%ré% diSnECg%IeD..Nr(l)élg gt t5d et%%rglﬁl%smvg%eadded with a
gene sequence of Hind111 restriction enzymie site (italic p%r The yt%d?s aphin sequence was
selectively ampiifiegbtiirogigle RERiheeihegaisingrpybestLazyneasbigh fislldy JANA polymerase),
and whole DNA of Staphylococus Snnulans (NRRL B-2628) as a template, and SEQ. ID. NO:1 and
SEQ. ID. NO:sleigad 1 pair of primers. The amplified product was determined and recovered by
electrophgresis 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 ofzStaphiyloseolisiaimtaaststhid RlitB R6 2&bab miampiatei b #adiSRQIIRsNeid and SEQ.

ID. NO:2 as a pair of primers. . o )
picked up, and inoculated into 50ml LB broth (containing 30mg/ml kanamycin), and

incubated at 37°C with shaking, till ODgg of the culture was 0.6, then IPTG was added
to a final concentration of 0.05 mM to induce the expression of interested protein, then
10 continued 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 lysostaphin in Escherichia
coli at high level provided by the present invention lies in that the expression product

15 exists 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

25  linking thus cloned sequence to a promoter; wherein the signal peptide is phoA, OmpA,

Lysn or pelB.

Description of Drawings




The purified amplification product was digested with Ndel and Hind111. The digested segment was
ligated to the pET3O0Ott vector digested with Ndel 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-15a, 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 . FHelammreaEs bequehee eestmhig empanitfial popiidR dbooHstubeéd PAESMbinant
plasmid pET-OmpAlss is below: 20 SEQ.ID,1\10:3: MKKTA1AIAV ALAGFATVAQ A The amino acid
sequence enobdmg/waturedySostaphitNRIheB-@sa)hinant plasmid pET-OrnpAlss is below:
SEQ.ID.NO:4: AATHEHSAQW LNNYKKGYGY GPYPLGINGG MHYGVDEFMN IGTPVKAISS 5

GKIVEAGWSN G ORGSOV SN AG ISR STCYST

APEILEIFQRMV NSFSNSTAQD PMPFLICSAGY GKAGGTVIPT P 'Ih WKTNKY GTLYKSESAS
FTPNTDITR . SGVLKAG VIM VWVGYTGNS GQRIYLPVRT
WN KSTNTLM&/@% k%rtﬁf)l}glﬁt:e egé(é:&%@ﬁt %@3?‘%&& BY Bt &L Qb RESHS recombinant
lysostaphin by means of secretion
5  size 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 lysostaphin;
10 Lanel: 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
15 lysostaphin;
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.
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Escherichi a call strains TOP10, JIM109(DE3), BL21(DES3) 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 TOP 1ipedifie yuidoimEayyRIZNYOIERInventiining recombinant plasmid pET-OmpAlss of
Example 2 were used to determine the lysostaphin activity by spectrophotometric assay. In particular,
the determinibgamplhoddsnbelewsd oPyireipiey kPR guantitatiie-pssay 0l sosianiplismaceomplished
by spectrophotometric assay, using the coupled KNR light blue dyed staphylococcus aureus cell wall
peptidoglycan (KNR- ; I %% rate..Ac ' f small molecules of
soluble segm%%%é%%%% 1c‘?’,)aﬁr ﬁ%gggtﬁ{ﬁ%%%% %%g%ﬂ@gﬁg&g%%%%ﬁ?\% gggﬁld fi't%d 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; X1 ihgrEpesddredidngadeskespreedgifgged and synthesized below:

SEQ.ID.NO:1

S-TACATATGAAAAAGACAGCTATCGCGATTGCAGTGGCACTGGCAGGTTTCG

CTACCGTCGCTCAGGCTGCTGCAACACATGAACATTCAGCAC-3'

SEQ.ID.NO:2

10 5-CCAAAGCTTCAACTTTAGGAATGAG-3'

In designing SEQ.ID.NO: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.NO:2, at 5’ terminus was added with a gene sequence of HindIll

restriction enzyme site (italic part).

The lysostaphin sequence was selectively amplified through PCR method using
20 pyrobest enzyme (a high fidelity DNA polymerase), and whole DNA of Staphylococus

Simulans (NRRL B-2628) as a template, and SEQ. ID. NO:1 and SEQ. ID.NO:2 as a

11



2.1.3 electronic scale; 2.1.4 electronic constant temperature water bath; 2.1.5 10ul, 20111, 200uk,
1000ul 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-NaOll 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 gragsss E33ExbRIMeNial sigRa 3réditenakadias: pfilkaasiapbiowwrikingsampipdibss
lysostaphin working sample is stored at -20C after being calibrated. Right before its use , 1.0 ml of

0.05moll Trigy|IC4, BUITer (BT i RIRSISEN ALICA.10.MAKG L SONE 40 0RLA IBfETefe sample of

90.0 1J/ml, then afiquoted into several Eppendorf 15tubes, 50 ul for éach tube; and stored at less than

-30C in a refrigeratoy. Right befor
r%olecular w%?ght arker, Lane 1 denotes the band of product sized 887bp, which was

amplified using whole DNA of Staphylococus Simulans (NRRL B-2628) as a template,

5 and SEQ. ID. NO:1 and SEQ. ID. NO:2 as a pair of primers.

The purified amplification product was digested with Ndel and HindlIll. The digested

segment was ligated to the pET30a vector digested with Ndel and Hindlll in the same

way using T4 DNA ligase at 16°C for 2 hours. The ligation mix was used to transform
10 Escherichia coli DHSa, thus getting the recombinant plasmid pET-OmpAlss, as shown

in 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
15 lysostaphin 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.NO:3: MKKTAIAJIAV ALAGFATVAQ A
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its use, 450 IA of 0.05mol/l, Tris-1ICI buffer (p117.5) 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 rapidlyrruxedie fomnagesize tiechintantsurt tyeoitishin offihendherbppangndiibe containing
the above added solution is transferred to 37C 10water bath and incubated for 20 mm. The Eppendorf
tube is taken Bgﬁ«qj \aterRath,. 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 i?gegtf%mﬁ?f%at 595nm, with the 15number O tube as a blank control. The lineal
regression curvess plotted according to the determined absorbency value and the corresponding
reference sample concentration C (l1I/m1) : A=KC + B 20wherein K is the standard slope, B is the

intercept, A isAhd H&ﬁ@&%%& eentrBYSH-@WME G MHYGVDFFMN IGTPVKAISS

5  GKIVEAGWSN YGGGNQIGLI ENDGVHRQWY MHLSKYNVKV GDYVKAGQII
GWSGSTGYST APHLHFQRMYV NSFSNSTAQD PMPFLKSAGY GKAGGTVTPT
PNTGWKTNKY GTLYKSESAS FTPNTDIITR TTGPFRSMPQ SGVLKAGQTI

HYDEVMKQDG HVWVGYTGNS GQRIYLPVRT WNKSTNTLGV LWGTIK

10 Example 2: establishment of engineered bacteria expressing recombinant lysostaphin by
means of secretion
Escherichia coli strains TOP10, IM109(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/ml kanamycin), and incubated at 37°C

15 with shaking, till ODgg 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.

20  Example 3: determining lysostaphin activity by spectrophotometric assay
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Table 1Preparation of standard curve  Tube number012 345 Lysn (0) 020

Escherichia coli strains TOP10, JIM109(DE3), BL21(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
5 The 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 colorimetrically to

10 calculate the activity of the enzyme. This method is easy and convenient, with high

sensitivity and visualization.

2. Instruments and Reagents
2.1 Instruments:
15 2.1.1 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 10ul, 20ul, 200ul, 1000ul pipettes and tips;

20 2.1.6vortex

14



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

10

15

20

2.2 Reagents:

2.2.1 lysostaphin working sample, prepared by the applicant;

2.2.2 color resource substrate KNR-PG prepared by the applicant, homogenously
suspended in 0.2 mol/L. Gly-NaOH buffer (pH10.0) in a ratio of 1:5 (m/v), for later use;
2.2.3 glycine and NaOH are analytical grade, prepared to be 0.2 mol/L Gly-NaOH
buffer, for later use (pH10.0);

2.2.4 Tris, prepared to be 0.05mol/L Tris-HCI buffer for later use  (pH7.5);

2.2.5 95% ethanol, analytical grade.

3 Experimental steps

3.1 Preparation of lysostaphin working sample

The lysostaphin working sample is stored at -20°C after being calibrated. Right before
its use , 1.0 ml of 0.05mol/L Tris-HCI buffer (pH7.5) is precisely added, to make it
resolve to get a reference sample of 90.0 U/ml, then aliquoted into several Eppendorf
tubes, 50 pl for each tube, and stored at less than -30°C in a refrigerator. Right before
its use, 450 ul of 0.05mol/L Tris-HCl buffer (pH7.5) is added into one such tube to
dilute it into 9.0 U/ ml reference solution. Each tube is used once to avoid repeated

thawing and freezing.

3.2 Preparation of standard curve

15




130 130 130 incubating in 37C water bath for 20min

10

15

20

Six clean and dry Eppendorf tubes are numbered, and are added with corresponding
amount of the lysostaphin reference solution according to the sequence in Table 1, and

then are added with various amount of 0.2mol/L. Gly-NaOH buffer.

Then 130 pl 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 37°C

water bath and incubated for 20 min.

The Eppendorf tube is taken out of the water bath, 300l of 95% ethanol is added in the
order of numbering to stop the reaction, and centrifuged at 10,000 rpm for 10min, after
centrifugation, the absorbency of the supernatant is determined at 595nm, with the

number O tube as a blank control.

The lineal regression curve is plotted according to the determined absorbency value and
the corresponding reference sample concentration C (U/ml) :

A=KC +B

wherein K is the standard slope, B is the intercept, A is the absorbency, C is the

concentration (U/ml).

16
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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

Table 1 Preparation of standard curve

Tube number 0 1 2 3 4 5
Lysn (ul) 0 20 40 60 80 100
Gly buffer (ul) 770 750 730 710 690 670
substrate (ul) 130 130 130 130 130 130
incubating in 37°C water bath for 20min

95% ethanol (ul) 300 300 300 300 300 300
Lysn final concentration 0 0.2 0.4 0.6 0.8 1.0

3.3 Sample assaying

5  The assay method is like the method for standard curve. The sample to be assayed is
pre-diluted with 0.05 mol/l Tris-HCI dilution buffer (pH7.5), 50 pl is used for assaying,
with each sample assayed in duplicate, and the result is the average value of twice

measures.

10 4. Calculation of the result
Calculation formula:
Co = NxCpreasure0.9/0.05
wherein: Cpeasure 1S the measured value (U/ml) for the sample, N is the dilution times, Cy
is the original activity (U/ml) of the sample, 0.9 is the reaction volume (ml), 0.05 is the

15 added sample volume (ml).
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pre-diluted with 0.05 mo1/1 Tris-HC1 dilution buffer (017.5), 50 O 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 s 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

>omi LS broth dpntalfing RIMGHTHOPAmYGTMAN oM dat S dar LRI ARKING., then

re-inoculated into laboratory shake flask with 3 liter LB broth 10 (cohtaining 30mg/mikanamycin),

incubated at 3 Esf%%? Gw't 1 kdn gici)g PTC?;V\{S‘SSS%%%% to a%ri chgg&&lﬁn of 0.05mM,
then further cilfured for another 3 hours to hauce tﬁepexpressmlri”é}’t I}% {8in he fermentation

broth was centrifuged, an urified by a cation column chromatograph, hydrophobic column
chromatograp?pgfg ]ﬁl’f?éﬂ ‘ﬁl’i}élly to obtain 83 mg lysostaphin product with purity of

5

Example 4: identification of recombinant lysostaphin
TOP10 containing recombinant plasmid pET-OmpAlss was inoculated into 50ml LB
broth (containing 30mg/ml kanamycin), and incubated at 37°C for 16 hours with
shaking, then re-inoculated into laboratory shake flask with 3 liter LB broth

10 (containing 30mg/ml kanamycin), incubated at 37°C for 5 hours with shaking, then
IPTG 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

15 greater than 95% and specific activity of 1103 U/mg, which was comparable to the

specific activity of lysostaphin from Sigma.

The purified lysostaphin was identified by SDS-PAGE electrophoresis and western blot,
as shown in Fig.3 and Fig.4, wherein lanes 1-4 are fermentation supernatant, cation
20 column chromatograph purified sample, hydrophobic chromatograph purified sample,

gel filtration purified sample, respectively;
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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 theoreticabyicCalaulstesowlacidanSmeiadlitA39x4Pa, 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 eqlj, characterized by comprising the steps of. (1) Constructi n expression vector,
including cIon(i}rlle;e %rilg%lea%le %5%%8@6%873% fa%ﬁ‘ el ﬂ’éin%feéboéf’\&ﬂaﬁéﬁlé}‘%gé ¥ sequence of
mature lysostaphin, and linking thus cloned sequence to a promoter; wherein the signal peptide is
phoA, OmpA, Yyshlyr beisfagshavanisrdigmmg Escplosevaothoatativall veeionletrbsmobteddn step (1),
culturing and fermenting;

5 weight 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

amino acids at the N-terminus were identical to those of the nature lysostaphin, i.e.

AATHEHSAQWLNNYK.
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(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 expressionf\% iq}staphin 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 gry;.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, charaktérinetid fhasehesiverorfessrpreSsisrstapEedhdiichiaicblhisobnelaf pii¢Grsdriys, pET
ser_ies or pGEg&]%r}gﬁ@grﬁ{%tpgﬂsfgﬁsecretory expres_sion of Iysosftap_hin in_ I_Escherichia coli according to
claim 4, characterized in that the vector for expression in Escherichia coli is pBV220. 7. An expression

vector, compridingoagrastiogetn £ sneial peptiieranebding DNMnsertiendepatidpancoding B gene
sequence of raRY SORIAPRIR efywsi@s&t@sesgmrﬁg %%%&99%9&48&1@ ARAUERGS 'f,gloned before

the part or whole gene sequence of MCSLLP mature lysostaphin, and’linking thus cloned sequence to
a promoter; WHERSThSGBIGGRH AP paptiane e phbareD s Al ang nentidelB pis AHererArdssionvector of
claim 7, charggtgsized 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®) ensfaetng feudierichéztationtlathe veelen rearsrisserlintpiap te, vatioing and
PET-OmpAlsSermenting;

(3) Isolating the lysostaphin from the fermentation supernatant.

2. The method for secretory expression of lysostaphin in Escherichia 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 pUC

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
20




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 lacUV5 promoter.

9. The expression vector of claim 7 or 8, characterized in that the vector is one of pUC

series, pET series or pGEX.

10. The expression vector of claim 9, characterized in that the vector is pET-OmpAlss.



