10

15

20

A METHOD OF SECRETORY EXPRESSI ON OF LYSOSTAPHI N I'N
ESCHERI CHFA COLI AT HI GH LEVEL 5 Technical Field The
present invention relatéeés to production of protein or

pol ypepti de drugs using remm Nm m t echni ques,

and specifically, relates t f producing
| ysostaphin by secretory expression 1 n Escherichia

coli. 10 Background Art Lysostaphi’A was fir d by
Schi ndl er and Schuhard (U. S patent No. 3,278, 378;

1966) in the culture of Staphyl oc | ns in
1964, which has a nol ecul ar wei gh\mm“\m“\wmmm and 15
consi sts of 246 am no acids. The l'ysogigphin, which is
an endopepti dase, functions through lysing the
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the cell wall and lysing the bacterial cell body. The
COL O NTINIGH LEMEL has been expressed in Escherichia
coli, Bacillus subtitlis and Bacillus sphaericus etc.
utilizing nol ecular cloning nethod in China and abroad
since 1980s. 20 Because of its uni que nmechani sm of
killing bacteria, |lysostaphin is able to |yse the cel
Wedhhicaf FiSldaphyl ococcus qui ckly at a | ow concentrati on,

-hence it has an i medi ate acti on

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.

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

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.
Because 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

1



10

15

20

1 and a robust activity against the bacteria. In
addition, a resistant bacterial strainis rarely

i nduced by |ysostaphin, and |ysostaphin has a specific
anti bacterial spectrum Reconbinant |ysostaphin in
hi gh purity can be commercially manufactured in China
and abroad nowadays, and it has been widely used in
studi es of bacteriology, 5 disinfection, and

enzymal o and in clinicall antl-bacterlal t her apy.
é{uig r@uﬁ%tlg %Bﬁ%ﬂ’% élg‘clgpgteglané addiioges E;ﬁg;ganf bacterial sgam is rarely
pat hogen and produces only Iimted anmount of

linermosd By Risstaphing] ah@ 1yssalighifhad HepecEREMtibaEME] @pdBailin. Of
nol ecul ar bi ol ogy technol ogy, ecsei et al fromthe

| ecul ar cl onin thod fo . .
Repo By o5 G AR AIEY RSGHL T DerSBHBer By Jryltusag in China
105, Bacillus subtllls and Baci | | us sphaericus in :
ARBabroddsoveadays tand it Hay et ajdelynused i stadieslof Bacteriology,
Escherichia coli JM 105 is 3ug/n1 of which 65%

[ . 15% th
ot el R B Gy BrER R b By Wns
granted in 1990, with the patent No. 4931390, which

di scloses inserting a 1.5 kb | ysostaphi n-encodi ng DNA
fragnent into vector puCs8, pBC 16, 15 pBD64 or pSPVl

g&’ﬁF %deh&lggoe{ ?E% s35 g' chgg% ar%dpansl%ceg a:ly 1{¥ited amount

Escherlchla coI| JNﬂOS. pJPI, pDF8, and pRP1 are used
pblysestaphiio and Yerrsakeisf tBacicehtuds vélBamiehd efsnaladitlard hislogptechnology,
170, Bacillus sphaericus 00), the |ysostaphin

Q%F&Qﬁi fItOpI‘?lrh Rysis u'tlﬁ%ﬂﬁhg nfefedtVar c@ﬁﬁ%&gbg eXpress

ni ques an E] ectrophoresi s, n conpare

ysost aphi n produced by S. Slnulans The anount
lysostaphm gene in Escherichia coli IM 105, Bacillus subtilis and Bacillus sphaericus

in 1987. The amount of lysostaphin expressed in Escherichia coli JM 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 pUCS, pBC16,
pBD64 or pSPV1 to form the recombinant plasmid pRGS, pJP1, pDF8 or pRP1,
respectively. pRGS 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, fhen compared with lysostaphin produced by S. Simulans. The amount
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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20 of lysostaphin (150 ng/L) produced from Bacill us
sphaericus transformants is 5 tines of that produced

by S. simulans. This referenced patent al so provides a

1. 5kb DNA 2 sequence, which encodes a precursor of

prol ysostaphin with 389 am no acids, and this

precursor is processed to be mature |ysostaphin after
translation. Recently it has been found that

| ysost aphi n has, het er ogenepus. N-ternm nal , st. of .them |
%?QHQ‘CFm)gg'ﬁﬁieﬂEPdeé&iP%“%ﬂbP %‘Plytsﬂ%{?'PbdM’t‘théfBgDWBQ #G/¢ and this
| ysostaphin. 5 WALTER P. HAMVES et al from Ger nany

FEQIresS € Procbged yswsiapbd 1ys@eaphinhftdi tiafslatid. ReUEMRBTit has been
del eted 1n Meat Lactobacilli (a l|actobacillus) in

996., The aim.for deleting the recursor.js to :
top el B3 ain BisfeberbhosiOp\Rembngla Fodatahim hivems.againo
see patent No.: EP0759473; 1997, but this nethod -
acidseshogert thabthat of wid-eypedlysostapkiar essi on. 10 In 1999, an
I ndi an conpany, Biotechnology International Limted
applied for a patent relating to reconbi nant nature
| ysost aphin, publication No. WO 01/29201, wherein the
| ysost aphi n precursor and the signal peptide portion

WALTHER RHAMMHBSectsd frion Godmny AXBesded nixolysostpphiegdne vath the
am no acid: nethionine) is added directly before the

ﬁrg&ﬁlg@'icﬁ?egéd 1?1%Qﬂtﬂ%t%b!ié{ﬁlg@tel%ﬂﬁa?g&ggﬁi 19|@Edl‘ﬁgla81{ntatgpxqutmg the

engl neered sequence Is C positione
behind T7 pronoter, and then the |ysostaphin
epireards wnacqyire pidble edpisysioPinGMeat Lactobacilli, please see patent No.:

EP0759473; 1997, but this method remains to be intracellular expression.

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
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
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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In this referenced patent application, the |ysostaphin

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 nust be renatured. However, various

nol ecules will incorrectly bind together and forminto

HBitGHeRIn theregaturptionr A% thesamg dimee HigtogH Pofp Frempgats 3fe hard to be

sane tinme, the cell body remmants are hard to be

clegaraent Mthe gendiibgllYenshdcea dnip aGLRRAIrRG fp(ildeégs_, thus negatively

manuf acturi ng process, thus negatively affecting the
ality of the conbi nant prqduct. 5 There is no
'ﬁl‘l‘l"#@‘}"é‘&{}i Qféﬁ OB‘F’I@EEEE}Q?BW expression of the

| ysostaphin in Escherichia coli. Secretory expression

has the foll ow ng advantages: the expressed protein

exists in the culture mediumas a final active form

there .i nQ. need for,., renaturation of  inclusi,on,
Dhiers 1 et eBly SrieEVe By 0 SeCTetory ekaier <o O tha Isoftapha in
isolated from the culture supernatant, with high
Esodkdchianadi.tSeeretory £xpessior hast therfol i ingadfantages: phicodxpirdssed
10 from host. Disclosure of Invention The techni cal

' eeds to be | ved. by the present
PR Bl M 08 TRl et S Bl KMo e o
effective expression of |ysostaphin in Escherichia

rsohturatipn o€ mcdusai botls; the destddprotem isvelptiahpedslyao Helisetatsd from
in the art.

the culture supernatant, with high yield; and there is less contamination of the proteins

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

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
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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The general inventive concept of the invention is

bel ow. Since the discovery of |ysostaphin in 1960 til
now, in view of this enzyne's excellent bactericide
activity to Staphyl ococcus aureus, in particular, to a
drug-resistant strain of 20 S. aureus, studies for
its nedical use in human have been perfornmed at hone
and abroad, and even have gone to the phase of new

dru pproval appllcatlon However, since
ff‘eegmaﬁamsoqt IR pagl hb?P&sSUB‘fﬂSVuBéé%Prwé% es@evqﬂlwphaencus
expressed in Bacillus sphaericus ever since, but this

endgisirelnd thgehghéadd BictediaDsthas hikdiot BeNapppeVeaiBAdlig se till
drug use till now, and the prokaryotic expreSS|on

host s roved for human s are eric co
4RY> V@?‘@ pr@l‘iﬂ%°ti"‘se"tpﬁ"é518f138f‘ ﬁ?%ereﬁ?égve% Fugh a{fr%iﬁﬁ%rwhm
in the whole world are facing 5 and trying to solve

whieand Yeagt. Waitis the popley dllahe reswarcli p@®ips A the Wbblehasrld are facing
been made for years to use Escherichia coli for
g eSS|on he |nterE ted me,  but has never

%‘é'éé%s"“\‘% t}%ﬁyaél earﬁp}ys Orlnﬁ f§'§g7s and the US

scientlst in 2003 utilized a | actobacillus in stead
of Bacillus sphaericus to express |ysostaphin, but 10
Iactobacillus is not approved for drug use either,

ap p %Leoe@ﬁ ﬂfﬁl S%@ ?1% Otg )ﬁget {%'sschg&zc rtg golz B&GE e})ﬂj)resgon of the interested

IactobaC|IIus IS an |ntracellularly soluble
engqyimss butdras whiéreucdeedaso $he Germaustierdint imx|992 esd the U'S scientist in
hi gh. The Indian scientist utilized Escherichia col

SR8 B Rkl nd I oy LU Moo, b

in the cell as an '
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
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

renaturation. Also the cell body remnant proteins are the material hard to be cleaned out
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i nsol ubl e inclusion body. To isolate the protein, the
bacterial cell body nust be disrupted beforehand.
During the isolation process, protein denaturants nust
be used, and then the protein has to be renatured
finally for drug use. However, there wll be nunerous
nol ecul es with abnormal structures fornmed by erroneous
binding in the 20 renaturation. Al so the cell body
remmant proteins are the materjal hard to be cl eaned
difing Be ganphagture, el grogtic seginreacbirugs s negaivsl natisctige the
drugs, thus negatively affecting the quality of the
§&0@y6f tha Récopibdehae prodlitd. | now, there is no

br eakt hrough both at hone and abroad in the field of

| ysostaphin 5 expression systemfor human drugs, and
the sane problemexists in industrialization and new
drug application. Therefore, if secretory expression
il hows abéra iy mdbrgaiiirough behcdd @bme ind ab@ad i fiefd of lysostaphin
achieved, it will expedite the process of applying for

a new dru that has.the proprietary IP rights in . . .
S oo mr P unah A B SR b e g rratization
benefits. 10 The present invention tries to add a
aeipesndrugfappliginiah. Pepforte ifsecpaeng exprission sfdyesaphin gene in
secretory expression in Escherichia coli before the

Lng . of . ure. sQstaphin, aimng .at .
Q00,3 SSHELE Rt o AROR R R LR fra mw g
coli. There is no report in the art about secretory

hrphasskd propoétatyyPosghapini Ghina afd bhiegs elvirmounédonpinidad and social

benefits.

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

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 :
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15 presence of prolysostaphin. The technical solution

of the present invention is below The present

i nvention provides a method for secretory expression

of lysostaphin in Escherichia coli, including the

steps of : 6 (1) Constructing expression vectors,

i ncludi ng cloning a signal peptide-encoding sequence

before part or whol e gene sequence of mature

| ysost aphin, and. linking the above engi neered )

@i GOBHEIING eXPsIsifpYestors: (a9luding plopief signatpemisercappding

coli with the constructed vector of step (1), and

sedliéneeibatbre part BEwhéIdBsheidBENEDE ke ysBstahih, dHddinking the

fermentation; (3) Isolating |ysostaphin fromthe
upernatant , of the fernentation broth. Werein the

RYB EREIPFATTA $rECRNA0 2 RFRMAEGuence with the wild-type

| ysostaphin, and its nutants are al so included, such

@3 TedmsforiiEschkAithil voli #id@nhd€ondeh@é®dectdr dste@r(), @b culturing
10 Wherein the signal peptide is one of Omp A, PphoA,

n el Am.na acid. sequence of OnpA signa
‘bé E‘taf‘%fgmi“‘s% Eschegjgha %%QY'I‘%?%&&“%‘%“OR/KKTN Al AV ALAGFATVAQ
A 15 Anmino acid sequence of phoA signal peptide is
(3¢ [sobating lysostaphin from the supernatant of the fermentation broth.

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

mutants are also included, such as the mutant with two alanine deleted at N-terminus.
Wherein the signal peptide is one of Omp A, phoA, Lysn, pelB.

Amino acid sequence of OmpA signal peptide is below:

SEQ.ID.NO:3: MKKTAIAIAV ALAGFATVAQ A

Amino acid sequence of phoA signal peptide is below:

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

Amino acid sequence of Lysn signal peptide is below:

SEQ.ID.NO:6: MKKTKNNY YT RPLAIGLSTF ALASIVYGGI QNETHAS
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SEQ I D. NO. 5: MKKMSLFQNM KSKLLPI AAV SVLTAG FAG A Ami no
aci d sequence of Lysn signal peptide is below 20

SEQ I D. NO. 6: MKKTKNNYYT RPLAI GLSTF ALASI VYGE QNETHAS
7 Amino acid sequence of pelB signal peptide is bel ow
SEQ I D. NO: 7: MKRLCLWFTV FSLFLVLLPG KALG Werein the
type of |ysostaphin expression in step (2) is

i nduci bl e expression. 5 Wierein said vector is an
expression vector for Escherichia coli, may be

Aaliee pdd sequspee frRelB ignplpeplide sdela¥s, pET series or
pGEX series, or even pBV220. Werein the pronoter may
BEQIB. ROt E MKROOLWETOIESLFLIVIQIMS RIALE 1 Pr pronoter
or 10 lacUWVs pronoter. Particularly, the steps are as
follows: first, a pair of suitable priners were

synt hesi zed, then the |ysostaphin sequence was
selectively anplified by PCR nethod utilizing
Pitleedie Hie t9PZoMEsdstaphirddkptdseivhiih Yte P iP BldyoBIcasPressiba.
whol e DNA of Staphyl ococus 15 Sinulans (NRRL B-2628)
as a tenplate. The anplified product was determ ned
and recovered through el ectrophoresis on agarose
cont ai ni ng Ethidium brom de. The purified

Wigldid sddveaor igran@uprlessias vebt@rdasi EcthekitMa Mok maynbe selected from
Hi ndul. The digested segnent was ligated to the
(\)lj[gefc%quﬁe gU@T%%Fieesq p@l“tsgrié\gd oerI p(.?élg scL:Irlier%fj(l)Jrl evell ph%zﬁ.a e way

Wherein the promoter may be selected from one of T7 promoter, P1Pr promoter or

lacUV5 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
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 HindIIl. The digested
segment was ligated to the vector digested with Ndel and HindlIII in the same way using
T4 DNA ligase at 16  for 2 hours. The ligation mix was used to transform Escherichia

coli, thus getting the recombinant plasmid.
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T4 DNA |ligase at 16 for 2 hours. The ligation m x was
used to transform Escherichia 20 coli, thus getting
the reconbi nant plasm d. 8 The reconbi nant plasm d was
sequenced via automati c DNA sequencer. Its sequence
was conpared with the known sequence encodi ng the
signal peptide and the nmature |ysostaphin gene, and
t he conparison result reveal ed that these sequences

re identic 5 Escherichia coli was_transforned

¢ Fecema! ‘dﬁﬁ%ﬁnﬁdvﬂs spaucERsdivia paiomatic ONA semignggsy les sequence
pi cked up, and inoculated into 50nL LB broth

(&f@@éﬁrﬁ% At @itB @tménﬂwd@gaéﬁce lefdodidMe sighaliheptigs amd th3¥nature

mﬁth aking, till 0 of the culture was 0.6, then
{ 2@ added, . to a final concen ra of 0.05 nMMto
YSORRPRIY e eqst the SPmRarOn iUt thatgh e rfeaYeness yre

continued to culture for 3 hours. The fernentation
fdentidal.was centrifuged, and then the [|ysostaphin

activity in the supernatant was' determ ned by
spectrophotonetric assay. The advantage for the

nmet hod of the secretory expression of |ysostaphin in
Escherichia «coli at high | evel provided by the

Brsaberiottia icoli ent tramstoingesl with theatcdnlitdnant ptsasd. dospive dlomhkes were
15 exists in the culture nediun1in the formof active

I 0 urln
DBk . i B SRR G 02 Frot] @Ofaiiod il Rep Mhyein. and
ponvenlent to purify the interested protein fromthe
inothatgdeat Sl pe rwigt shakingwiill ODeess the atleire wae At6attiendATE was added
to a final concentration of 0.05 mM to induce the expression of interested protein, then

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
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%.

Description of Drawings
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fromhost cell; and the expression product anount nmay

be up to 200-400ny/L, with the vyield over 60% 20

Description of Drawings 9 Fig.1l denonstrates the

mat ure | ysostaphin gene anplified by PCR fromthe

whol e DNA of Staphyl ococus Sinmul ans (NRRL B-2628),

Lane 1: a band of anplified product using whol e DNA of

St aphyl ococus Sinulans (NRRL B-2628) as a tenpl ate,
ID.NO 1 and SEQ ID.NO 2 as a pai.r rimers, 5

?l Qlﬂ%@%%,ﬁﬂﬁﬁ}?éﬂﬂ%]f@ﬂmam %ﬁ“&tag}PHﬁﬁ%Plé EEFBaﬁromléhf‘gwhole DNA

Mar ker; Fig.2 denonstrates the construction of

BES1aPhylbMocRX DiMassQNRRACBI628pr r econbi nant
| ysost aphi n, Fig.3 denonstrates SDS-PAGE

P b sratine et Sinect IS DN ol Siaphrogoret Siistans

sarrpl e Lane 4: refined purification sanple Lane M
GVRRIB-d678)ak aittmplateg SHQAD. MOk 0drid STQ ABING2Gis4 pair of primers,
denonstrat es SDS- PACGE el ectrophoresis and Western bl ot

gir%agg%ip? of purified

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;

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
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

26927Da by MALDI-TOF.

10
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15 I ysostaphin; Lane A: SDS-PAGE Lane B: Western bl ot
Lane M standard protein nol ecul ar wei ght Marker;
Fig.5 denonstrates the purified |ysostaphin determ ned
to be of nol ecular weight 20 26927Da by MALDI - TOF. 10
Specific node for carrying out the invention Exanple
1: construction of secretory expression vector of
reconbi nant |ysostaphin, i.e. cloning of fusion gene
of t he CnpA S|gnal peptlde and the mature |ysostaphin

G} 6 C#f sequence was desi gned
and syntheS|zed belomr SEQ ID.NO 1

Bxanl; oh(Febfat kel dst:
T é@gmmmwmc%CAﬁmwo idefigloslighin, Le.

EQID_NO 2 10 5 CTTTA TGAG .
5@%‘P§Hf 5 iosegsne B NG% éﬁlgsr PEPLiAF ﬁmatwﬂwsmw a
gene sequence of Ndel restriction enzynme site (italic
part), as well as a gene sequence encodi ng OnpA sigha
peptide (underlined part).

First, the oligo-nucleotide sequence was designed and synthesized below:
SEQ.ID.NO:1

S-TACATATGAAAAAGACAGCTATCGCGATTGCAGTGGCACTGGCAGGTTTCG

CTACCGTCGCTCAGGCTGCTGCAACACATGAACATTCAGCAC-3'

SEQ.ID.NO:2

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).

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

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

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

11
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15 In designing SEQID.NO 2, at 5 termnus was added
Wi th a gene sequence of Hindfl restriction enzyne
site (italic part). The |ysostaphin sequence was
selectively anplified through PCR nethod using 20
pyrobest enzynme (a high fidelity DNA pol ynerase), and
whol e DNA of Staphyl ococus Sinulans (NRRL B-2628) as
a tenplate, and SEQ ID. NO1 and SEQ ID. NO2 as a

11 ir of priners, The anplified product was .
ofut e R Thermrlitiog Sredychyacieteminghaidasrayeregdpy electrophoresis

agar ose contai ning Ethidiumbromde. As shown in Fig.

dn agdreirnoh@migy Eaidudibrémiie. ADLIRSH AFipe MhdenWrs kfine of the
Lane 1 denotes the band of product sized 887bp, which

was anplifi usi.ng whol e DNA of . Staphyl oco .

e B Bereky i 769e | Badiet e pand ShToalerreciy by, yhich was
NO 1 and SEQ ID. NO2 as a pair of priners. The
puplifiddadirempholé DNA bDSYaphydetscts Neas s YNRRECGBI6RR) Adetemplate,
and H ndlH The digested segnent was ligated to the

BiTE0, M N2 afd TR ¥l Br G2 hour s, The

ligation mx was used to transform 10 Escherichia coli
DH5a, thus getting the reconbinant plasmd
pPpET- OmpAl ss, as shown in Fig.2. The reconbi nant

' : i t ti. S e l.fs
PR TRATSE Y RHRERL O BBREE o s
encodi ng the signal peptide and the mature
segment was ligated to the pET30a vector digested with Ndel and HindIll in the same
way using T4 DNA ligase at 16  for 2 hours. The ligation mix was used to transform

Escherichia coli DH5a, 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
lysostaphin gene, and the comparison result revealed that these sequences were

identical.

The amino acid sequence encoding OmpaA signal peptide of constructed recombinant
plasmid pET-OmpAlss is below:

SEQ.ID.NO:3: MKKTAIAIAV ALAGFATVAQ A

12



10

15

20

15 | ysostaphin gene, and the conparison result

reveal ed that these sequences were identical. The

am no aci d sequence encodi ng OmwpA signal peptide of

constructed reconbi nant plasm d pET- OmpAl ss is bel ow

20 SEQ I D. NGO 3: MKKTAI Al AV ALAGFATVAQ A 12 The am no

aci d sequence encodi ng mature |ysostaphin of the

reconmbi nant plasmd pET-OmpAl ss is bel ow

PR merAd eatPRoRApes N el AN VeldeReyceppinant plasmid

ENDGVHRQAY MHLSKYNVKV GDYVKAGQ | GWSGSTGYST APHLHFQRW
NI AR KSAGY GKAGGTVTPT  PNTGAKTNKY

GTLYKSESAS FTPNTDI | TR TTGPFRSMPQ SGVLKAGQTI

% DG HVYW/GYTGNS GQRI YLPVRT WAKSTNTLGV LWGTI K 10
Qﬁé' f establ i shment of engi neered bacteria

expressi ng reconbi nant | ysostaphin by nmeans of

AAJHEHSAQRE LINNY KKIGY GWIGP ¥PLEGINGGTVH YI®V DFNMN IGTPVKAISS

109(DE3), BL21(DE3) were transfromed with reconbi nant

SKIEEAG Sl SaP e AERERMHE Y MRS A BTE Y vraGan
(contai ning 30mg/ M kananycin), and incubated at 37
GWSGSTGYST APHLHFQRMYV NSFSNSTAQD PMPFLKSAGY GKAGGTVTPT
PNTGWKTNKY GTLYKSESAS FTPNTDIITR TTGPFRSMPQ SGVLKAGQTI

HYDEVMKQDG HVWVGYTGNS GQRIYLPVRT WNKSTNTLGV LWGTIK

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
with shaking, till ODgqq 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.

Example 3: determining lysostaphin activity by spectrophotometric assay
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15 with shaking, till OD600 of the cultured broth
increased to 0.6, then | PTG was added to a final
concentration of 0.05 mMto induce protein expression,
further incubated for another 3 hours. The
fermentation culture was centrifugated, and the

| ysostaphin activity in the supernatant was

det erm ned by spectrophotonetric assay 20 Exanpl e 3:

eter ni n SO hin activit ect rophot onetri c
ESusgohig soflsichar TORTG, BaftBbbs o3RS wonthnne Fecombinant
109( DE3), BL21(DE3) contai ning reconbi nant plasmd

PlasmAHET-OmpHissofaxahple?2 Werefusdd eslddterntind e TyfStaph activity by
| ysostaphin activity by spectrophotonetrlc assay. In

rt| ular, .the d ermn is belo

BRFtgiy Ehais Aaf T rtichlr o Baddnue mobalistbin s
acconpl i shed by spectrophotonetric assay, using the
t.drpicgde KNR | i ght bl ue dyed st aphyl ococcus aureus cel
wal | peptidoglycan (KNR-PG as a color resource

AL s S5 NRScER b EReR otn,

noiety that is quantitatively released during the
esizg/the cagpled KNR bgleddye dyed ssuppelonadcantiuiess delt walipegitioglycan
colorimetrically to 10 calculate the activity of the

@ﬂ@( Ff%) aI'}' c%l&géé'&%gce sibs %%?é/ A%ngréi?nogmﬁ{l] a.rgour{t of %rﬁlap n%lecules of

st|V|tya Vi sua runen

Reaqents 2.1 Instrunents.
soluble segment product carrying the KNR dye moiety that is quantitatively released

during the enzyme action process, the supernatant is determined colorimetrically to
calculate the activity of the enzyme. This method is easy and convenient, with high

sensitivity and visualization.

2. Instruments and Reagents

2.1 Instruments:

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, 20pul, 200ul, 1000l pipettes and tips;

2.1.6 vortex
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15 2.1.1 Utra violet - visible spectrophotoneter or

enzyne-| abel ed instrunent; 2.1.2 high speed freezing

desktop centrifuge; 2.1.3 electronic scale; 2.1.4

el ectronic constant tenperature water bath; 2.1.5

101, 201, 2001, 1000l pipettes and tips; 20 2.1.6

vortex 14 2.2 Reagents: 2.2.1 |ysostaphin working

sanpl e, prepared by the applicant; 2.2.2 color

ag ource substrate KNR-PG prepared by the applicant,
ﬁﬁ@g &sly suspended in 0.2 mol/L dy-NaOH buffer

(pH 10.0) in aratio of 1:5 (mv), for later use; 5

2.22. st imﬁoﬂéﬁl%d\dﬁgﬂz , PEcpatdddyythé applicgnade, prepared
to be 0.2 nol/L dy-NaOH buffer, f%ﬁ later use (pH

%%P?‘)éﬂorf rsgoq?%ﬁ-rsrél Stﬁf’ég kf‘ﬂg?&%égar %F Q}Q@%gggilc‘@phllﬂmo’genously

anal ytical grade. 10 3 Experinental steps 3.1
Susppatedtin 012 mbl/IL Gip dladphbutfergpM Ll MQ) maymlie off b6 (m/v), for later use;
| ysost aphi n wor ki ng sanple IS stored at -20 after

i cal i Ri for
J3cEhurine b RaCiyart niyuchl pRle. nebosfed Brhe 2y Ligiiaeon
to make it
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  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 ul for each tube, and stored at less than -30  in a refrigerator. Right before
its use, 450 pl of 0.05mol/L Tris-HCI 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
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resolve to get a reference sanple of 90.0 Unm, then
aliquoted into several Eppendorf 15 tubes, 50 gl for
each tube, and stored at less than -30 in a
refrigerator. Right before its use, 450 | of
0.05mo1/L Tris-HC1 buffer (pH7.5) is added into one
such tube to dilute it into 9.0 U m reference
solution. Each tube is used once to avoid repeated
hawi ng and freezing. 20 3.2 Preparation of standard
é&r%anl%ﬁﬁr& Eppendrrighbesdyrs npperReiGind 2 asided gfith corresponding

nunbered, and are added with correspondi ng anount of

tunBut)s Oisd 1gp0stdphiredefiréite 8 ombibhl at @idiag €®thdiseguenbe inTRable 1, and
sequence in Table 1, and then are added with various

ﬁ%g%%%f }dg@ g@k@ﬁsé%%égﬁibgPUf %é@4§§§Q§ﬁ§§§gchr3{ng

to the order of numbering, after the substrate is
added, each tube is rapidly m xed to honogeni ze the
contents in the tube. Then the Eppendorf tube

TR RAUTE e DGR B E K85 1 300 SRS thorcerof

Eppendorf tube is taken out of the water bath, 3001 of
Abfberingaaidr the subdatatd i addetceachtuberis cdpidiymiired tochomgenize the
stop the reaction, and centrifuged at 10,000 rpm for

TR ; centrifugation, the absorbency of the
supé?%gﬁééﬁﬁFs determ ned at 595nm with the 15 nunber

O tube as a bl ank control.

Then the Eppendorf tube containing the above added solution is transferred to 37

water bath and incubated for 20 min.

The Eppendorf tube is taken out of the water bath, 300ul 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).
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The lineal regression curve is plotted according to

t he determ ned absorbency val ue and the correspondi ng
ref erence sanple concentration C (U m) A=KC + B 20
wherein Kis the standard slope,.Bis the intercept, A
Is the absorbency, Cis the concentration (Umnm). 16
Table 1 Preparation of standard curve Tube nunber 0 1
2345 Lysn (lI) 0 20 40 60 80 100 Gy buffer (1)
770 750 730 710 690 670 substrate (1) 130 130 130 130
130 130 incubating in 37 water bath for 20m n 95%

et hanol (1) 300 300 300 300 300 300 Lysn fina

Table ent r Rrdparntion @f drafldatd Quibe0.8 1.0 3.3 Sanple
assaving 5 The assav nethod is like the nethod for

Tuteanmdded curve. The sanpile to be assayed i s 4 5

pre-diluted with 0.05 nol/1 Tris-HC1 dilution buffer

LysRki{nS) . S0 T Ts gised Toppassayifggd, W gh €ach anpl € 1o
assayed in duplicate, and the result is the average
Cuﬁgqﬁér

6D t wi ce m@8sur es?750 730 710 690 670
substrate (ul) 130 130 130 130 130 130
incubating in 37  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

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

measures.

4. Calculation of the result

Calculation formula:

Co = NXCeasurex0.9/0.05

wherein: Cpeasure 1S the measured value (U/ml) for the sample, N is the dilution times, C
is the original activity (U/ml) of the sample, 0.9 is the reaction volume (ml), 0.05 is the

added sample volume (ml).
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10 4. Calculation of the result Calculation fornmula:
Co = NxCneasur ex0.9/0.05 wherein: Creasure is the
neasured value (UmM) for the sanple, Nis the
dilution times, Co is the original activity (Um) of
the sample, 0.9 is the reaction volume (m), 0.05 is
the 15 added sanple volunme (m). 17 5 Results
Escherichia coli strains TOP10, JML09 (DE3), BL21
%QE%Q contai ning the reconbi nant plasm d pET- OnpAl ss
% ysostaphi n expression activity of 56U/ m,
45U mM, 70U mM, respectively. 5 Exanple 5:

Edfh@ild:l’flh gali bt@eﬂnﬁf OP€G,J1vbi 09 MIE3) YSIOBI @EB) Rodteindthe recombinant
contalnlng r econbi nant pl asm d pET- OnpAl ss was

ocul 0.5 roth contalnln

RAFEH R O me IS B A am i RS PaR o Ot L bt S Ure,
shakl ng, then re-inoculated into 3 liter LB broth
T@dnil prespaegva®ng/ M kananycin), 10 incubated at 37 for
5 hours with shaking, then | PTG was added to a fina
concentration of 0.05mM then further cultured for
anot her 3 hours to induce the expression of the
protein; next, the fermentation broth was centrifuged,
Bxainple5i fdesufitayion of recombinant lysostaphin

TOP10 containing recombinant plasmid pET-OmpAlss was inoculated into 50ml LB
broth (containing 30mg/ml kanamycin), and incubated at 37  for 16 hours with
shaking, then re-inoculated into 3 liter LB broth (containing 30mg/ml kanamycin),
incubated at 37  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 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
column chromatograph purified sample, hydrophobic chromatograph purified sample,

gel filtration purified sample, respectively; lane 5 is the lysostaphin sample from Sigma,
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a cation colum chromat ograph, hydrophobi c col um
chromat ograph, gel filtration, finally to obtain 83
ng | ysostaphin product with purity of greater than 95%
and specific 15 activity of 1103 U ng, which was
conparable to the specific activity of |ysostaphin
fromSigma. The purified | ysostaphin was identified by
SDS—PAGE el ectrophoresi s and mestern bl ot, as shown
gg 3 and Fig.4, wherein lanes 1-4 are fernmentation
584 Hd?\ém{mleeﬁ%r wrighiMarket apd tqa%%?tsagw:;ﬁwlﬁﬁ @f Meptaen blot
sanpl e, hydrophobi ¢ chromat ograph purified sanpl e,
gellysid. | tration purified sanple, respectively;, lane 5
is the | ysostaphin sanple fromSigm, 18 |lane Mis
| ow nol ecul ar wei ght Marker, and | anes 6-9 show
results of western blot analysis. The purified
| ysost aphin was determ ned to be of nol ecul ar wei ght
ThOriiieddysdstapfnbl asTdeerfniifedSb G nidlddufr Weight 2692 T DisE
to the theoretically cal cul ated nol ecul ar wei ght

PO AT ORTR e R hrit i by o sl recutar

results of the purified |ysostaphin: the first 15
wRigh0262HDa, aid to hiee Noleenlar weighv @69 2Ddexf Sigrad lykostiphis e
of the nature |ysostaphin, i.e. 10 AATHEHSAQALNNYK. 19
C ains

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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1. A nethod for secretory expression of |ysostaphin in
Escherichia coli, characterized by conprising the
steps of: 5 (1) Constructing an expression vector,
i ncluding cloning a signal peptide-encodi ng DNA
sequence before part or whol e gene sequence of nmature
| ysostaphin, and linking thus cloned sequence to a
pronmoter; (2) Transform ng Escherichia coli with the
gzctor constructed in step (1), culturing and

nting; 10 (3) Isolating the |ysostaphin fromthe
fernmentation supernatant. 2. The nethod for secretory
expression of |ysostaphin in Escherichia col
according to claiml1, characterized in that said

IR RSB et g Rt bCERentanbin yS6LericDi sl avacteized by

Escherichia coli according to claim2, characterized
tompiisihg theateps gftal peptide in step (1) is one of phoA,
CnpA Lysn or pelB. 4. The nethod for secretory

sostaphin i n, Escheri.chi
CH RSP heah esRSRidh ishuiiedon 5o Sefifaratds paeoding DNA
expression of lysostaphin in step (2) is inducible
seqpemsdietore p2) ob whileezene sdymendecyf rsaured yasiapbxpareslénkimg thus
of lysostaphin in Escherichia coli according to any

&Bﬁecpje % Q§ i)r(ﬁnot&har acterized in that said vector

expression in

(2) Transforming Escherichia coli with the vector constructed in step (1), culturing and
fermenting;

(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 signal peptide in step (1) is one of phoA, OmpA, Lysn

or pelB.

4. The method for secretory expression of lysostaphin in Escherichia coli according to
claim 3, characterized in that the expression of lysostaphin in step (2) is inducible

expression.
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Escherichia coli. 5 6. The nethod for secretory
expression of |ysostaphin in Escherichia col
according to claimb5, characterized in that the
vector for expression in Escherichia coli is one of
pUC series, pET series or pGEX. 10 7. The nethod for
secretory expression of |ysostaphin in Escherichia
coli according to claimb, characterized in that the
vector for expression in Escherichia coli is pBVvV220.
21

5. The method for secretory expression of lysostaphin in Escherichia coli according to
any one of claims 1-4, characterized in that said vector is a vector for expression in

Escherichia coli.

6. The method for secretory expression of lysostaphin in Escherichia coli according to
claim 5, characterized in that the vector for expression in Escherichia coli is one of pUC

series, pET series or pGEX.

7. The method for secretory expression of lysostaphin in Escherichia coli according to

claim 5, characterized in that the vector for expression in Escherichia coli is pBV220.
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