WO 01/ 057217 PCT/ KRO1/ 00097 1 EXPRESSI ON AND SECRETI ON VECTOR FOR HUMAN

| NTERFERON ALPHA AND PROCESS FOR PRODUCI NG HUMAN | NTERFERON ALPHA BY
EMPLOYI NGywoNms7H7Fi el d of the Invention The present invergdoRré@ogdes to
an expression vector for the secretive production of human interferon
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thernostabl e enterotoxin Il signal sequence and a 10 pol ynucl eoti de
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15 Background of the Invention

Isaacs and Lindenmann reported in 1957 that when chicken is
infected with influenza virus A, a viral replication inhibitory factor
designated interferon is produced (Isaacs, K and Lindenmann, J. Proc. R

20 Soc. Lond., B147:258-267, 1957). “

Human interferons are cytokine proteins. which inhibit in vivo
immune response or viral replication and they are classified as interferon
alpha (IFNa), interferon beta (IFNp) and interferon gamma (IFNY) according
to cell types producing them (Kirchner, H. et al., 7ex. Rep. Biol. Med., 41:89-

25 93, 1981; Stanton, G. J. et al., Tex. Rep. Biol. Med., 41:84-88, 1981).

It is well-known that these interferons work together to exert
synergic effects in the manifestation of anti-viral, anti-cancer, NK (natural
killer) cell activation and marrow cell inhibition activities (Klimpel, et al., J.
Immunol., 129:76-78, 1982; Fleischmann, W. R. et al., J. Natl. Cancer Inst.,

30  65:863-966, 1980; Weigent, et al., Infec. Immun., 40:35-38, 1980). In
addition, interferons act as regulatory factors of the expression, structure and
function of genes in the cell, and show a direct anti-proliferating effect.



encode nore than 20 species of interferons, each conprising 165 or 166

am no acids. 5 IFNa used for early clinical tests were obtained fromhuffy
coat | euwwmootos7avi nul ated by Sendai virus and its purity rgEsKRrROI0p0d7esS
than 1% (Cantell, K and Hirvonen, Tex. Rep. Biol. Md., 35:138-144,
1977). It has becone possible to produceza | arge quantity of | FNa having
bi ophysi cal activity by gene reconbi nant“techni ques in the 1980" (CGoedell,
10 D. V. et at., Nature, 287:411-416, 1980). Cinical tests using the

r econbi nant_hl FNaIFN()?lssgﬂﬁgdhcteﬁ%héh eG4 sd B B9 BRIV, =0 ¢

cancers, particularl er cancer cancer rel a osi '
sarcomm, et d’ll‘l(ST@rtCFanCPT oells. J U ita. n@wr;dhere bavd betB3 repk88] Péngs i that D

et al., 69: 817- 985 n.
oncol, 15 3 8dg r§8¥elg§§§zol ?Peicéesa o‘nEeff%%Q?Pf‘w%a‘ﬁbFOm%lstl%ai@ﬁeﬁf ’%é
hepatitis Camm@samdgjaws G G, et al., NEngl. J. Med., 321:1501-1506,
1989), and Its onNl cabl e range as a therapeutic agent |s expandi ng day by
day. Thedresult oflFNobmised ﬁOFl\eﬁrbewélmwaimeBtsumm/twtmdsﬁmm tuffit cobFNa i s

encoded by i fEerent enes Thi s d| cat 0, that
t he DNA seqtajlel%%(g ghpﬁgatggatzg %%d% twrb]rsoqﬂpc S BT Was on r18§seﬁ’r?nbﬁt/° t hat
| FNa is a mi(Qaatell, ®. sdbHiRenen, ke !l@phBYélngle%;’ m3: QBSSMWJQD‘?VS Such
subt ype proteins are naned IFNa-l, 2,3, and so on (Natufe 0: 20- 26,

1981). Among the dblas Secomgerossibl Ertoeproduce s, lamgeFNalapUty pif dfNa bavingra

25 | eukocyt 21,00 h
nativeact gy SrAERySox B eePplinnd riiafs 3 e al%%f‘.(&gﬁsﬁg?e. .
consi stidg d. 165 emrrahp Natzd@ 287431469, 91686y | FHnRal (R5R I&hﬁg thel) in
case the 23rd a no a I's IyS| ne, and IFNa 2b (SEQ I D NO : case
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15  3:506-512, 1985)‘ It is also effective for the treatment of hepatitis C virus
(Davis, G. G, et al., N. Engl. J Med., 321:1501-1506, 1989), and its
applicable range as a therapeutic agent is expanding day by day.
The result of cloning IFNo gene from leukocyte has shown that
IFNa is encoded by a group of at least 10 different genes. This indicates
20 that the DNA sequences of the genes do not produce one kind of protein but
that IFN« is a mixture of subtype proteins having similar structures. Such
subtype proteins are named IFNa-1, 2, 3, and so on (Nature, 290:20-26,
1981).
Among the several types of interferons, hIFNo. purified from human
25 leukocyte has a molecular weight of 17,500 to 21,000, and a very high native
activity of about 2 X 10® IU/mg protein. In vivo IFNo, is a protein
consisting of 165 amino acids. It is designated IFNa~2a (SEQ ID NO : 1)
3 amino acid is Iycine, and IFNo-2b (SEQ ID NO : 2) in case
the 23™ amino acid is arginine. In the beginning, hIFNa was produced by a
30  process using a cell culture method. However, this process is unsuitable for
commercialization because of its low productivity of about 250 ug/L.

To solve this problem, processes for recovering a large quantity of

in case the 2



The nost widely enployed is a process using E.coli which produces |FNa
consisting of 166 or 167 am no acids according to the characteristics 5 of
t he E. col wocalos721These products have an extra met hi oni ne rreqikirR@E/@cded at
the N-termnal by the action of the ATG codon existing at the site of
initiation codon. However, it has been ?eported that the additional

nmet hi oni ne resi due can trigger harnful Fmmune response, in the case of
human growt h hornone (EP Patent Publication No. 256,843). 10 In addition,
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In particular, it is extremely difficult to remove undesirable interferon by-

products such as misfolded interferons.
~ Recently, in order to solve the above mentioned problems associated
with the production of a foreign protein within a microbial cell, various
20 efforts have been made to develop a method based on efficient secretion of a
soluble form of the target protein carrying no extra methionine added to the
N-terminal.
In this method, a desired protein is expressed in the form of a fusion
protein which carries a signal peptide attached to its N-terminal. When the
25 fusion protein passes through the cell membrane, the signal peptide is
removed by an enzyme in E.coli and the desired protein is secreted in a
native form.
The secretive production method is more advantageous than the
microbial production method in that the amino acid sequence and the higher
30 structure of the produced protein are usually identical to those of the wild-
type. However, the yield of a secretive production method is often quite
low due to its unsatisfactory efficiencies in both the membrane transport and



prokaryotes is much | ower than that of a prokaryotic protein produced in
the sanme node in prokaryotes. Therefore, it has been attenpted to devel op
a 5 nore @igdwsent secretory production nmethod. For instanggykKai@eyy Pat ent
Publ i cati on No. 93-1387 discloses an attenpt to mass-produce | FNa using
the signal peptide of E. coil alkaline phosphatase, but the yield was very
low at 1091 U L culture nedium (10 ug/L4cuIture medi um). Therefore, there
has been a keen interest in devel oping a nethod which is capabl e of

D i ind a ich is cap: |
Phe N tor i oot FOERALER SRR o, IEvE oA smgngpticd =

i Rvent or Sblhm thatettieoyisld/ o@e:?maﬁimdlim pevted gniadlucemlei:ni 4 decetordy. molde in .
t hernostable enterotoxin Il (Korean Patent Application No. 8- 38061 an
99-27418) aPkp S thHRUGH o eTeifian dheteRio pr@kgﬁarlcrmﬁmua@refiweﬂsl Cused

for the masgspr %‘la&% iiﬂg%rggmyyegatm&eff&fenwﬁag ben LR

. t¥d thtfeveRSFacent
i nventors have constru exXpr essi on ector contalni ng a gene obt ai ned

by 1i gatd ngmloFdlefEoiondi segregene productanh aiethoder dooxinstante.e Kovem Patgene t o

the nodifie .coli cr ry,.signal peptide, and devel oped secretory
product i on ﬂagh%l% ¢n§ﬁ§é7r@s OB A SISO SSSTUPHVE] YINPUIOLt he

71 SR SR L BTSSR O Y GapsiR o

sai d expression-vec ummary o nt1on t I's an
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conjunction wth the foll ow ng acconpanyi ng draw ngs; whic
98-38061 and 99-27418) and found that this new secretory signal peptide can
15 be used for the mass-production of the native form of IFNa. Namely, the
present inventors have constructed an expression vector containing a gene
obtained by ligating IFNa encoding gene instead of enterotoxin II encoding
gene to the modified E.coli secretory signal peptide, and developed a
secretory production method of IFNa having a native biological activity via
20  the microbial secretory system by culturing the microorganism transformed

with said expression vector.

Summary of the Invention

25 Accordingly, it is an object of the present invention to provide an
expression vector which can secretively produce human interferon alpha
(hIFNQ).

It is another object of the present invention to provide a
microorganism transformed with said expression vector.

30 It is a further object of the present invention to provide a process for
producing a soluble form of hIFNo using said microorganism, which has no
extra methionine residue attached to the amino terminus.



respectively show Fig. 1 : the procedure for constructing vector
pT-1FNa-2a; 10 Fig. 2 : the procedure for constructing vector pT14Sl a-2a;
Fig. 3 : wbelpsueedure for constructing vector pT14SS| a- 2&CTHRY1/0d097t he
procedure for constructing vector pT140SSl a-2a-4T22Q Figs. 5a and 5b :
the results of SDS-PAGE which verify th expression of |FNa-2a and the
purity of the expressed |IFNa-2a from 15+ econbinant cell |ines, and the
result of western blot analysis which verifies the nolecular weight of
expressed | FNa-2b, respectively. Detailed Description of the Invention 20
According to one aspect of the present invention, there is provided an
expressi on BagéfDedcription ofehe Drareinysoduct i on of hl FNa corrprl Si ng a

pol ynucl eotide encoding a nodified ther nost abl e enterotoxin Il signal
sequence (hereinafter, as referred as to STII nutant') and a

pol ynucl eoti de efq h e :
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:2), | FNa- 1 o 6@0uaQHos, ﬁ‘en"e\tg’lﬁl% &h GOy n ?‘Wﬁ%gsynu‘&ﬁEgtl de
whi ch has a égb% sequence that 30 encodes any of the above |IFNa
subt ypes. e pgfﬂﬁl Spgg\fl de encoding the nodified E, coli thernostable
enterotOX|n Il signal sequence of the present |nvent|on mhich is | i gat ed
to WD 01/ 057217 P /I% /00097, 6 ffghe front.of the S@.&gq
pol ynucl eot i de enEiHi IFERECHHS g@gng&xctlr{gﬁecﬁgygﬁ e secretl ve
productygn of hiF 2"thaeg§m BB CoGh it FGBFHTII4SIAaNt der i vabl e
by repl aci ng one or- nore e am no acl ds t her nbst abl e
enterotoxin Il si E@B sthgurrncedutesior ichastructirgE@ator NO14S61@;2apr ef er abl y one

or nore of the 4t Ot mno aci ds th reo no
aci d(s). Exanpl es % @W%BF?‘%W@I b CORRIUHRGYRE iﬂl%ég{%?&m
repl acing: the 0 Figsmsa%ﬂi Wt h: tihe eaauRe 6fT$uDSHSKGE whith 4lefify atieno
acid with threonine and the 22nd am no acid w th gl utam ne, respectl vel y

([Thr4, G n23psBsion: of hEEMo-2ardmb thei gusiiyt Ioft te @xiptessedh B or e fr
15  recombinant cell lines, and the result of western blot analysis which verifies

the molecular weight of expressed IFNa-2b, respectively.

Detailed Description of the Invention

20 According to one aspect of the present invention, there is provided an
expression vector for the secretive production of hIFNo comprising a
polynucleotide encoding a modified thermostable enterotoxin II signal
sequence (hereinafter, as referred as to ‘STII mutant’) and a polynucleotide
encoding hIFNao ligated to the 3’-end thereof.

25 The polynucleotide encoding hIFNo used for constructing the
expression vector of the present invention may be any one of polynucleotides
encoding random hIFNo subtypes such as native hIFNa-~2a (SEQ IDNO : 1),
IFNo-2b (SEQ ID NO : 2), IFNo-1 and IFNo-3, and it may also be a
recombinant polynucleotide which has a modified base sequence that

30 encodes any of the above IFNa subtypes.

The polynucleotide encoding the modified E.coli thermostable
enterotoxin I signal sequence of the present invention, which is ligated to



10 amno acid with valine and the 22d am no acid w th gl utam ne,
respectively ([Thr4, Val20, GLn22]STIl); and the 4th amno acid with
t hr eoni newgy@oistg720th  amino acid with valine, respecti valorkkoinoda7

Val20] STI1) in the E.coli thernost abI e enterotoxin Il signal sequence
(STI'l) described inthe SEQID NO : r§)and preferred pol ynucl eoti de
sequences are SEQID NOS : 4, 5, 6 15 and 7. However, it is known that

sever al dlfferent pol ynucl eoti des encodi ng the nmut ants of the present

i nvention ﬁtofq§§5 n]hhﬁ: ﬁgedﬁg ql%geeoq dqlgg hhd GRlel Yeora
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rate of | FNa. 207 I n addition e expression vector of @eﬁlﬁresent
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to the fro end nucl eoti de encoding the nodified
t her nostsabl 3, preferaiilpons drl mosé ofiahe @t and A"t a0 adidsithereof withd- t ype

whi ch h 7 b 25 (TGATITT), fol d t I
ther most abl SHRE A o o gl AL Do BP BB oHdeR gt BT g,
the mitant gheirld BEHEAER e 3 SHAPARSGHETRR A ([Thr G STaRLShe Iﬁ'e use

of this nutSRETERRY fie secretive expressi on rate of
However, whemisai dcidoasith sﬂmemme landotles 22{6r nerine haeids Witk e glutamdne,

expression rate decre Sy 3 aspeci fic. d
Tt ant {hat eARCBEC QAT (e 1SHD: She A'naEnes afid ST iTeShipt, e 20" ©
sequencid or TR R 1 “i} PR A B RO e s
in prepari ngFiré Vaﬁ?ﬁ %jSTﬂe)candthe Z‘hmnmcea@dtwnhrthmnmand;t hea glny of
t hose whi ch can ex t er ol ogo ? 20 0QL g S E?iSt
Speci fi cal | 9m1¥laca ﬂinﬁglé?%blr?gjfg Wgtymﬁlﬁr “ 1p ]glgpr gé %ée G
franst or ped ieafisatle Lﬁ?‘éﬁn’é“’ﬁ? il '%’%3""8%%62.(%?? S PG
such E. col N@t: r3a,|md@sefEnedqmlyBqu@()Dés)SquMg@ﬁ SQEJQ&I;NOE‘ e D, RL-1
bl ue agen, th sai.d expres t
Cnvent b R0 do SALREYEnSE ofmekrOWR o sty SErdtElHRFR pofimidiEoRiasen
BL21( DE3) / pEhé0@Bleatianthiarts Y tHe6PRsbnt invention may exist due to the codon
degeneracy, and, specifically, a polynucleotide modified by introducing

preferred codons of E.coli without any change of amino acid sequence can
be used for promoting the expression rate of IFNa.

20 In addition, the expression vector of the present invention may
further comprise E.coli thermostable enterotoxin II Shine-Dalgarno sequence
(SD sequence, SEQ ID NO :8) or its mutant ligated to the front of the 5’-end
of the polynucleotide encoding the modified thermostable enterotoxin II
signal sequence. As compared with an wild-type which has 7 bases

25 (TGATTTT) following GAGG of the 5’-end in the E.coli thermostable
enterotoxin IT SD sequence described in the SEQ ID NO : 8, the mutant of
SD sequence has a shorter sequence of 6 or 5 bases. The use of this mutant
can increase the secretive expression rate of IFNa. However, when said
base sequence becomes shorter than 4 bases, the expression rate decreases

30 markedly. A specific example of a preferred mutant that can be used in the
present invention is the E.coli thermostable enterotoxin II SD sequence

mutant having the nucleotide sequence of SEQ ID NO : 9.



10 E.coli BL21(DE3)/pT140SSl a- 2a-4T22Q ("HM 10611"), E. col

BL21( DE3)/ pT140SSI a- 2b-4T ("HM 10703") and E. coli

BL21( DE3) Woldh4Ro3h a- 2b- 4T22Q ("HM 10711"). The above transi@rgrel /00097

m croorgani sns are deposited in Korean Culture Center of M croorgani sns
(KCCM (Address; YurimBldg., 361-221, ngj e 1-dong, Seodaenun-gu, 15
Seoul 120-091, Republic of Korea) on Decenber 23, 1999 under accession
nunbers KCCM 10175, KCCM 10176, KCCM 10177 and KCCM 10178, respectively,
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ami no acids. In addi tlé%l, the process of the present 30 invention can be
appl i ed to véwsopr odixamplesodf athg presenti imventionoprevige such ntreangformed

hl FNy. A di to.th fot ' t] e Y0 o f WO
01/ 0b7215 " st tS; &Nt DI RS SRR LT (HRE JDp37S, ©
transformanE.&oiiSegmgg)ﬁgfglmSmahmMat @HNDh poeuLti vikyonf nore

than 1 g/L. The produc has the sanme am no acid sequence as that of

nati ve | FNaBM2iIl{PBRYTAOSH-2bddal arfiPMaci d 18703ched aand he N.céfini nal |

and shows aghiql-egiGal tiagt L »\Of ' ,
fol 1 owi ng eBCHARTI NSRRI 7L T HiSs fllsfpthia
i nventi on Wib@drghnighisi f¢ ddposied i KafaReCalens €elaarad Micrdordimi8msgene
and construction of a vector ~_containi n? sane .
(KCCM) (Address; Yurim Bldg., 361-221, Hongje 1-dong, Seodacmun-gu,
15  Seoul 120-091, Republic of Korea) on December 23, 1999 under accession
numbers KCCM-10175, KCCM-10176, KCCM-10177 and KCCM-10178,

respectively, in accordance with the terms of the Budapest Treaty on the

International Recognition of the Deposit of Microorganism for the Purpose
of Patent Procedure.

20 In accordance with another aspect of this invention, there is also
provided a process for secretively producing hIFNo having no additional
methionine residue attached at the N-terminal, into the periplasm of E.coli by
culturing the transformed microorganism under an appropriate culture
condition which may be the same as the conventional culture condition used

25  for transformed microorganisms.

hIFNa secretively produced by the process of the present invention
comprises random hIFNo subtypes such as IFNo-1, IFNa-3 and so on, as
well as native hIFNoa-2a (SEQ ID NO : 1) and hIFNa-2b (SEQ ID NO : 2)
consisting of 165 amino acids. In addition, the process of the present

30 invention can be applied to the production of any other interferon such as
hIFNP and hIFNy.

According to the process of the present invention, 80% or more of



A gene encodi ng hl FNa-2a was prepared by carrying out PCR using human
genonm c DNA as a tenplate and SEQ ID NOS : 10 and 11 as priners. 15 The
primer of woa@osBR1MNO : 10 was designed to provide an Ndel rgstkr&ldo®y Site
(5" -CATATG 3') upstream fromthe codon for the first amno acid (cysteine)
codon of native hlFNa, and the priner of, SEQID NO: 11, to provide a

Bam H restriction site (5 -GGATCC 3') d§wnstreamfromthe term nation
codon thereof. 20 The anplified PCR product was cleaved with Ndel and BanH

it o the NATYBangEEe by ol BRRE R TaA” rodOfrtthe JgERFRCd B, HEOCT 07

pT- | FNa- 2a. péiilast é‘dﬂé\dﬁghflﬁodbouﬁtjbb(ﬁcmdw thdmoi ydinst']?he:pm@oedcltfﬁﬁa

pT-1 FNa- 25 2a. Conparative Exanple 1: Construction of ont a| ni ng
ent er ot oxi nhasy gheisagieygaHBe %ﬁ‘ld ﬂeﬁNﬁn‘Qf‘aa@ on%V$r€§1£F cﬁol?
enterotoxin q c I t 1

ol i gonucl eo?‘#%%@hg?%g‘ggs %&@Q&%@ E}f‘elg?‘\'%%rrngfn és?g%ggwgaggog)ﬁg 1(t:ae

previ ous3 y q@dlqotthdmﬁﬂmwﬂﬁq(wf E.coli enterotoxin Il WO 01/057217
PCT/ KROL/ 00097 Signal peptide, and synthesized using a DNA synt hesi zer
(Mbdel 380B, Applied Biosyst ern USA). The above ol i gonucl eoti des were

desi gned to provifig g 1@%&}1% lbé’ta}éjﬁm%&é'd {6 SRh& BB el Hesé@ an

Ndel restriction S|te ream rom-t Initiation codon of Ecoli

ent er ot oxi nirvensiod withdut lmlmmgltmscd)pean site introduced by a silent change
at the other end. Both oligonucleotides were annealed at 95C to obtain a
bl unt -ended DNA fragment haV| ng a nucI eoti de sequence encodi ng Ecoli

ent er ot ?6(' Ny f coRsEaLtioAS dfnﬁe%@ﬁm nt o
t he Sma [ OST.

10 In addit containéeg m "1 FNa- 2a cont ai ni ng | FNa-2a gene obtained in
Ref erence Exanpl e was subjected to PCR using the prinmers of SEQ ID NOS :
14 and 15 to ligate the enterotoxin signal peptide to | FNa-2a gene. The

P enc g YIS RS IRUE e IAAIRONS doring o Pl yoing
human genomic DNA as a template and SEQ 1D NOS : 10 and 11 as primers.
15 The primer of SEQ ID NO : 10 was designed to provide an Ndel restriction
site (5°-CATATG-3") upstream from the codon for the first amino acid
(cysteine) codon of native hIFNo, and the primer of SEQ ID NO : 11, to
provide a BamHI restrction site (5’-GGATCC-3) downstream from the
termination codon thereof.
20 The amplified PCR product was cleaved with Ndel and BamHI to
obtain a DNA fragment encoding hIFNo-2a. The DNA fragment was
inserted into the Ndel/BamHI site of vector pET-14b (Novagen, USA) to

obtain vector pT-IFNa-2a.

Fig. 1 shows the above procedure for constructing vector pT-IFNa-
25 2a.

Comparative Example 1: Construction of a vector containing

enterotoxin signal sequence and IFNo-2a genes

30 To prepare E.coli enterotoxin II signal sequence gene, the pair of
complementary oligonucleotides of SEQ ID NOS : 12 and 13 were designed

based on the previously known nucleotide sequence of E.coli enterotoxin II



15 restriction site (5 -GGATCC-3') downstream fromthe term nati on codon
thereof. The DNA fragnment containing the pol ynucl eotide, which encodes

native | Ryar@dastmas anplified by PCR using the above pol ymalersioden7
primers. The anplified DNA fragment was cleaved with Mul and BanmH to

obtain an | FNa-2a DNA fragnment having Mwul/BanmH ends. 20 Meanwhile, vector
pUCLOST contai ning the enterotoxin sign pepti de was cl eaved with M ul
and then digested with BanH to obtain a vector fragment having MLul/ BanH

ends. The v e %f

construct vggng’ %W%%tﬂes%%@t g%hg&hgﬁlgmgewas c eaveg3 %\glh?’h
BspHl and BaxpljﬂletdOBu%rsm;&USA) DNEIhéreﬁgwentbhgc&ﬁ;bletpt)desTMrDPd@sfgmdmmt was
i nserted at the anH sectian vect or pET-.14b (No 8 to
obtai n vect drovigemBspt gestricgionositg, PW@%&Y S‘ﬁ"rso@eaﬁﬁ ‘?E‘IOFESHICt on
construet | NP Ghirearf A dic fhrivilie CAHBRIIVE. cbriCtterdbiid BEAd SINRAN Was
treated with ciumchlori eso ution to prepare conpetent
E.coli, &ndrehteistionesitorintptuéed- Ba ansiltnthanges aputteerothieH ends) BReth added

thereto An E. col toransformant e e | FNa- 2a. wa elect
convent i onalol WH@&W@?W@S@Z@EW K\%&%O@? Omamv\ﬁs Cfﬁ%t %%e

d
S?”S' tivi tyfg%ga%é}ﬁ He{xﬁfg% Oﬁﬁagoﬂéétkocﬁ x%‘é’aerrﬂoﬁz ag Md B Qi Eﬁteroﬁ&% @P lg,ﬂafit e

col i tion, vec I'4Sl a- was subj ect ed CR usi ng
the prinmer seqticiReQ I'Thd\@Bove J]BNa%d‘rag‘mBnt avgs| HfsyrtadDmﬁofthag‘u‘maI S@bt@f ned

ot e of oy B NUCI Bie et ARG SRR wector RUGISE o "ot then the
DNA fraggent vast 'aaa& e%b?i}’%llm&izﬁ%%ﬁlﬁﬁ}g)ﬁfﬁbﬁz@geh@§Bf£nedTH€

i nsert was I |gate Into section of” vector (Novagen,
USA) to consReffemceeExmmmeMeassabmted:m@ PGRdusipgatie phisners ofabdied ID

pLocedure | oRon Al | 89k B SRl SN gl ERShoa gong
t r ansf or mantTilesiiRAMFREQIP) NOM 1D 68% - deSima @ ¢ottedpotidPiotthé: 5°-end of
Construction of a vector containing 15 enterotoxin signal sequence and
| FNa- 2b gend¥No-2a gene, and the primer of SEQ ID NO : 15, to provide a BamHI
15 restriction site (5’-GGATCC-3’) downstream from the termination codon
thereof. The DNA fragment containing the polynucleotide, which encodes
native IFNo-2a, was amplified by PCR using the above polynucleotide
primers. The amplified DNA fragment was cleaved with Mlul and BamHI
to obtain an IFNa-2a DNA fragment having Mlul/BamHI ends.
20 Meanwhile, vector pUCI9ST containing the enterotoxin signal
peptide was cleaved with Mlul and then digested with BamHI to obtain a
vector fragment having Mlul/BamHI ends. The vector fragment was
ligated to the ITFNoi-2a DNA fragment to construct vector pUC19SIFNo-2a.
Vector pUC19SIFNa-2a was cleaved with BspHI and BamHI to
25 obtain a DNA fragment (564 bp). The DNA fragment was inserted at the
Ncol/BamHI section of vector pET-14b (Novagen, USA) to obtain vector
pT14SIo-2a. Fig. 2 shows the above procedure for constructing vector
pT14SIa-2a.
Subsequently, E.coli BL21(DE3) strain was treated with 70 mM
30 calcium chloride solution to prepare competent E.coli, and then, vector
pTl4la-2a in 10 mM Tris buffer (pH 7.5) was added thereto. An E.coli

transformant expressing IFNo-2a was selected by a conventional method



The 23rd |ycine codon of |FNa-2a gene in vector pT14SSla-2a was repl aced
by arginine codon with a site-directed nutagenesis (Papworth, C et al.,
Strat agi egio Q/052171996) to construct an expressi on vector pgantrdiwong 20

| FNa- 2b gene. Vector pT14SSl a-2a was subjected to hybridization with the
synt hetic oligonucleotides of SEQ ID NOS, . 19 and 20 containing the

repl aced codon to forma hybrid nol ecul elgnd DNA anplification was
performed using pfu (Stratagene, USA) and four nucleotide triphosphates

i roct i on VHEED EEPAIS YT SERARYE0h thel HlgRYTeg et gt D fniBiogs, =5
Leu Leu Al aggdnd ¥ EACH HM 18600Leu Phe Ser Cys (SEQ ID NG 18) 30 CTC

CTG GCA CAG ATG ACG AGA ATC TCT CTT_TIC TCC TGC (SEQ ID 9) . GGA
AGG AAG AGA GAT Tor aiditions vestorTed1dftcacwasesyheckd %N&Qé egmé‘g%7

PCT/ KROL/ 0009 I fh& e , ]-p]{yads

restricti on%?@%%%ﬁ%ésadgﬁﬁ]yg?%ﬂ@ enlg\i/\g&%{%ﬁg%ﬂ%gﬁ%ﬂabsym ds
conpl et efy. ligatiag| tlie Bhide-Daigariosaguence UsAtheventeraiosityr thedemterdtokine

[ ans or med S MeBBdRa gAY SO dsnca T aEer AR fben fas TN Asfipement

pTl 4SSl a- 2b i i g‘%nﬁ"ﬂ’ Wal in place of the 23rd
am no acid I‘%/é(?l ﬁgaﬁwm sequemﬁ?f@hgw?%%r? BL21( DE3) was
transfornmed with tPhe isditf wasl ligated antopthe4¥BaEBamHDb sedsian of avectarngli br mant
designated E.coji HMLO7 10 using the s t hod scrihed in

Conpar ati ve léfbaﬂ%@\éagfn, g-isgiéq’ FoNBguEthEeqey B?ﬁ%gfa‘ n&e%gdﬁég’&ﬂ%ﬁ]&% of
the prougi n codusedeRireChlrt HilsRcHig vécigTPIgBNG.od t AesrBED1auRs) r med

t hat | FNa-2b havi‘ng native am no~ aci equence was expressed
therefrom YStxagenes USA¥onss trarisfarment witly eector pdidd 3Bhitidg tonobtainoxi n

signal peptide_ . nutant, (1 ructy a vector containing [ Thr4lSTlI
20 I n order W@Sﬁ%ﬂl}r} dfg%@%&?%ccaghmqg%b& resi due of the enterotoxin

si gnal sequence peptide, a vector containing a polynucl eotide encodi ng

Comparative _Example 2: Construction of a vector containing

15 enterotoxin signal sequence and IFNa-2b genes

The 23™ lycine codon of IFNa-2a gene in vector pT14SSIa-2a was
replaced by arginine codon with a site-directed mutagenesis (Papworth, C. et
al., Stratagies, 9, 3, 1996) to construct an expression vector containing

20 IFNo-2b gene. Vector pT14SSIa-2a was subjected to hybridization with
the synthetic oligonucleotides of SEQ ID NOS : 19 and 20 containing the
replaced codon to form a hybrid molecule and DNA amplification was
performed using pfu (Stratagene, USA) and four nucleotide triphosphates
(ATP, GTP, TTP, CTP) which extend said oligonucleotides in the 5°-3°

25  direction.

Interferon a-2b sequence
17 18 19 20 21 22 23 24 25 26 27 28 29

Ieu Leu Ala Gln Met Arg Arg Ile Ser Leu Phe Ser Cys (SEQ ID NO:18)
30 CTC CTG GCA CAG ATG AGG AGA ATC TCT CTT TTC TCC TGC (SEQ ID NO:19)
GCA GGA AGG ARG AGA GAT TCT CCT CAT CTG TGC CAG GAG (SEQ ID NO:20)



enterotoxi n nutant signal sequence was prepared by site-directed

mut agenesi s as follows. First, vector pTl4SSla-2a obtained in Conparative
Exanpl e 1w osza7subj ected to PCR using ol i gonucl eoti des mfrigkad/dobd7NCS
22 and 23 to obtain a nodified plam d, wherein the 4th am no acid of the
enterotoxin signal sequence is replaced with threonine (Thr), by the
site-directed nutagenesis procedure destribed in Conparative Exanple 2. 30
Met Lys Lys Thr Ile Ala Phe Leu (SEQ ID NO 21) 5'-GGTGATTTT ATG AAA AAG

ACA ATC GCA TTT C. 3! ' TAGT TIT - TAG
CGT AAA GAA G 5' C@E&ﬁ’ﬁ%@@%ﬁ%@%@ﬂ%/%ﬁl [etictish E
col i XL-1 khupmeNoprloeas addéd theretd tarahoveradcontdrtadelasmids tompletehsmi d.

The base sequence of DNA recoyvered fromth transf or ned. col gni S
det ermi ned, and t F@@lbp¥hi eg’\f%s OYAZEsy S ves HERR é"%@é\r,l\g‘e

encoding th o] L 3si g e t ,ge } i h

am no acid &@@@gnb%gggbf . eestfﬂggs %g(guét?ﬁgsbgog%é;?j%e \Agéslfoglbgbg/g%o%t th
Xbal andsM gtansforthddhenlomssr tvad idetarntihed, Xhdl thvisul obtaimeidorwasf plasinisk

pTlI 4SSl a-2a to obtain vector pTl4SSl a-2a-4T. . Subsequently, E.caql]j 24 ( DE3)
( St r at agene PIUGRSIgaEb tW}Hﬁgf%}mi%‘@e 19 SR1E HAVERE arglgﬂmgsﬂ%-%ﬁfh? obt ai n

an E.coli tr : i € E.coli HM 10602. Vector pTI 4SSl a-2a-4T
was construgg{elgt)aéclmggkg%eégg%&%' and then transforned into E. coli
BL21(DE3) ( St r at aGmbecquently, Focali Bl (RE3 )Ewas tdainsforaresk withethe meodiftgdat ed
E. coli HM 10702 S thod 15 described abo ction
of a vector V@G?ﬂfé?bﬁ@mﬁng’ %ﬂ?ﬁg@ﬁ%@%&e%%%géﬁ%?ééwggb;i ed in
step ( ovassabiRAat MR ded b HOICORphaRARRORYEHIN 1deBPanS5Rid) NOS

25 an were designed to substitute @n codon for” the 22nd
ani no acid dhe Nrécraninel amane ackl sgralence efthelprotain prpdoeediby eulsuring the

Step (1) to SR oas Bhe cobfiriedstah BRI b JAViRg SRE B ARG br o
(SEQ 1D NO: 21 s&juehbe ek GPreS0A BERAG. GAT CTG CCT-3' (SEQ | D Na 25)

15 Example 1: Construction of a vector containing enterotoxin signal

peptide mutant

(1) Construction of a vector containing [Thr*]STII

20 In order to modify a specific amino acid residue of the enterotoxin
signal sequence peptide, a vector containing a polynucleotide encoding
enterotoxin mutant signal sequence was prepared by site-directed
mutagenesis as follows.

First, vector pT14SSIa-2a obtained in Comparative Example 1 was

25 subjected to PCR using oligonucleotides of SEQ ID NOS : 22 and 23 to
obtain a modified plamid, wherein the 4™ amino acid of the enterotoxin
signal sequence is replaced with threonine (Thr), by the site-directed
mutagenesis procedure described in Comparative Example 2.

30 Met Lys Lys Thr Ile Ala Phe Leu  (SEQ ID NO:21)
5/ -GGTGATTTT ATG AAA ARG ACA ATC GCA TTT CIT C-3’ (SEQ ID NO:22)
3’ -CCACTARAA TAC TTT TTC TGT TAG CGT ARA GAA G-5' (SEQ ID NO:23)



3'-GI TTA CGG ZT CCC ACA CTA GAC GGA-5' (SEQ ID NG 26) Then, E.coli XL-1
bl ue (Novagen, USA) was transfornmed with the 30 nodified plasmd. The base
sequence @ @NA7riecovered fromtransformed col onies was detmgkRdeehy and

t hus obtai ned was plasm d pTl 4SSl a- 2a- 4T22Q whi ch cont ai ned a gene havi ng
Thr and G n in the 4th and 22nd am no 1/ 057217 PCT/ KROL/ 00097 13 acid
positions of the enterotoxin signal sequence, respectively. Subsequently,
E.coli BL21(DE3) (Stratagen, USA) was transforned with vector

pT14SSl a- 2a- 4T22Q by the sane nethod described in step (1) to obtain a
transformant designated E. coli HM 10604. 5 To nodify the Shine-Dal garno
sequence of the niltehj &leadhDeL-dt bhien(Nevagal, YBA)enae tianstorgieg withiNthe 9,

vectors pT1l4S a- d 14SSI a- 2a- 4T22Q ubjected.tq the

site-direct é@p‘&m'%ﬁé é’i@éﬂ‘g pr € §edsiBeqd iﬁg@eﬁje%%erggl %ﬁ’mhgle

ol i gonucl eo g\l%? etdRin (o] | ed

pl asm d. 10ttll‘:aglg 1?& cﬁ%gi&g?ue \%’ggen %%S?@dwgﬁslﬁt ?gﬁ %‘?ﬁ‘é’%ﬁ \;e\]ij tlﬂyﬁﬁad

nodi fi eds pl aghich. coftainbd s® genguantoding thheerﬁ)‘,\t@tmanosagnah séquencet peptsdor ned

col oni es was det erpi ned, ,andgt hus obtained were Ias pT ah2a 4T

and pT14CSSIPAVIE 432 H&Gi grg ABENP; aeidsRosito ‘Q}SP é’#:séﬁgf

ent er ot oxi n hrgRgl WaguoRaFed anzvﬁh p. 43! p&gfewxfﬁ[t&@d th%naﬁwtear el for
I col I

constructing vector p a- 4T2 BL21(DE3) was transforned
wi th vect or pFIAISS secﬁanlb‘lf veher pmmm-aamobmﬁ QectargpeletSSled-ya-4tlo

obtain a transfor de5| n 3 and 1061 ich re
deposited in Kore 8’ %Edﬁ% ﬁtﬁ&bw@?@? w ed "
Decenbef 23, e @[%ga

r espectl veI wﬁ]?ﬁ@eﬁ@fﬁ%ﬁ@@\l@?f%?? g(g'l ﬂ% %1%2% 47T a%g%T%SI a- bQéAf(g'ZZQ
were prepar dﬂc@l;fﬁﬂel&@?e procedure as above using vector pTl 4SSl a-2b,

whi ch were used t ans ol i~ BL21( DE3) t btai n nts

desi gnat ed E. col | %0?%345#@%@ 1877 9%%)‘@8%‘188}5’%% E&ﬁgssi%

transfor ”a”ttﬁeﬂr"\ﬁé&?gﬁn@d‘%WEQJE1BEQ'I@)E§P§S'tﬂa%Bén@ KOS Ofy o@%iﬁ@?r 23,
1999 under accession nunbers KCCM 10177 and 70178, respectively,

E.coli transformant designated E.coli HM 10702 by the same method

15  described above.
(2) Construction of a vector containing [Thr?, GInZ[STII

Vector pT14SSIa-2a-4T obtained in step (1) was subjected to PCR

20  using the oligonucleotides of SEQ ID NOS : 25 and 26, which were designed
to substitute Gln codon for the 22™ amino acid of the enterotoxin signal
peptide having Thr in its 4™ position, in accordance with the site-directed

mutagenesis procedure of step (1) to obtain a modified plasmid.

25 Asp Ala Gln Ala Cys Asp Leu Pro (SEQ ID NO:24)
5’ —-CA ATT GCC CAA GCG TGT GAT CIG CCT-3' (SEQ ID NO:25)
3'-GT TTA CGG GTT CGC ACA CTA GAC GGA-5" (SEQ ID NO:26)

Then, E.coli XL-1 blue (Novagen, USA) was transformed with the
30 modified plasmid. The base sequence of DNA recovered from transformed

colonies was determined, and thus obtained was plasmid pT14SSIo-2a-
4T22Q which contained a gene having Thr and Gln in the 4™ and 22™ amino



(3) Construction of a vector containing [ Thr4, Vae20, A n221STIl 30 To
further substitute Val codon for the 20th am no acid of the enterotoxin

si gnal sewwenos7pepti de having Thr and G n in its 4th and PRANKIROAMDoE/ 057217
PCT/ KROL/ 00097 14 am no acid positions, vectors pT140SSl a- 2a-4T22Q and
pT140SSI a- 2b- 4T22Q prepared in step (2)%ere subj ected to PCR using the

ol i gonucl eotides of SEQ ID NCS : 29 and by the site-directed

mut agenesi s procedure described in step (2), to obtain the desired nodified

2 0 AL AT e S R g TS ey

E.coli XL-1 blue*was trans modiT1ed pllasmds. T ]
sequences ofSubseqiwily, riBcolieBd 1{D&ED)t (Strathgemetl SOl sveiseransformede wdthri ned,

d thus obtai ped | gsn T) 408SI a- 2a- 4720Y2 d
PT14088) o 2B HFRORS FESAF O LD Pl BN TEPPHGIoReTedain sigR (B fo
codons in p'o%ﬁﬁﬁraﬁéi@nﬁm&éﬁ%&@&méél@}ﬂﬂdu%m Tyr codons,

respectively. E.coll BL21(DE3) Was transformed with the plasnmds to obtain
t hr ansf of mant s deSiogmatify thedshinetPalpaen® sequenar ofthe anodifischerteratokin 15

Ex I 2: P ti f.th I t t oxi I i ne- Dal
Crarple 2. SR 380 s AL I e et T s
bi nding 20 éﬁr 1'[4$81&d2é-|4_r[t22§ | QRr&04aRjetidd Ofo tiae WdLdir@de&- ‘i%tlllﬂagenesis

t her nost abl ent erot oxi n si gnal sequence w thin thernostabl e

ent er ot oxi n procahiraalescrbedh im stepel@)arsieg the olgonuioetigescph SEL ERPNESS| on

it agenesi s 29 Biban 8 OB A DR R o dtRbE B 55 el y o reduce the
nunber g bases hLuGRNXIN TIBOSANGvaBSMIIURAD as GAGEsARthdd witht ite

codon ATG from 7 to 5, vector_ pTl40SSI a- 2a-4 Zzgﬂpresﬁ&ed in Exanple 1 (2)
was subj ect daodidiednelasmisl. diThecthasemsedernnssiof o cPNA e regovEsebalam ve

Bxanpl e 2 usjfaelficed YAGRAhES ddleimiledSTRd TndP Dbt Wbrd2phnfifl 2 1

nodi fied plas
pT140SSIa-2a-4T and pT140SSla-2a-4T22Q having modified Shine-

Dalgarno sequence of enterotoxin signal sequence. Fig. 4 represents the

15 above procedure for constructing vector pT140SSIa-2a-4T22Q.

E.coli BL21(DE3) was transformed with vector pT140SSIa-2a-4T
and pT140SSla-2a-4T22Q, respectively, to obtain a transformant designated
E.coli HM 10603 and HM 10611, which were deposited in Korean Culture
Collection of Microorganisms (KCCM) on December 23, 1999 under

20  accession numbers KCCM-10175 and KCCM-10176, respectively.

In addition, vectors pT140SSIa-2b-4T and pT140SSIa-2b-4T22Q
were prepared by the same procedure as above using vector pT14SSIa-2b,
which were used to transform FE.col/i BL21(DE3) to obtain transformants
designated E.coli HM 10703 and HM 10711, respectively. E.coli

25 transformants HM 10703 and HM 10711 were deposited in KCCM on
December 23, 1999 under accession numbers KCCM-10177 and KCCM-
10178, respectively.

(3) Construction of a vector containing [Thr®, val®, GIn?|STII
30
To further substitute Val codon for the 20® amino acid of the
enterotoxin signal sequence peptide having Thr and Gln in its 4% and 22™



30 designated pT14NSSI a-2a-4T22Q In addition, to reduce the nunber of
bases between the ribosone binding site GAGG and initiation codon ATG to

4, vect orwoldidlnsha- 2a- 4T22Q was subjected to by the site-pdimerRsi@doddO
01/ 057217 PCT/ KROL/ 00097 15 nutagenesis procedure of Conparative Exanple 2

using the oligonucleotides of SEQID : 33 and 34 to obtain a nodified
pl asm d designated pT1l4MSSI a- 2a-4T22Q €E€fcoli XL-1 blue was transforned
with the nodified plasmds. 5 The base sequences of the DNAs recovered

expr ess; on AraEh QUDRRLE  FecstR, BITUORN B A RER R TS QB2
e T o e B BT D) v oSl of et g th ¢ he
expr essi on Qﬁi&@ﬁ}lﬁgoﬁée%bﬁ)ﬁi &ng]? r ﬁ@goﬁ né%@h@\égéga?é{t B;Ee HERtgwiestetha Av
10614, ' : wrth lofd : ' FNa- 2
Tr anst or manelgEehdeis pAERLFe Seper i sRup (2)f Lo DHRIANAL UsheR Hoded e
were cul §ur @lasnidsB designatedndpTOSSTa2md@a0Vi220he amdes piidd OSSIo-PHG f or

3 hours. Ea%ﬂgﬂvtﬁ cultures was centrifuged at 6,000 rpmfor 20 mn. to
precipitate 2@ cells and the precipitate was treated by Gsnotic

shock nethod (Nossal,z; &1 bl yﬁgcﬁi 13(?5%(1 @ﬂ%?ﬁ&%dﬁﬁa%lagﬁliaéﬂw ng.

The precipitate was suspended | ume of 1sotonic solution 20
(20% sucr os dasd Geapkiicess o€1theUDNAS creebsereidn from rtharsfomneg Heoionies Weee

i [ d ] 0. m
centr1 T Uged RTRINGRoantatiis; patated |weterpdiauns T @SS EsaRaly 2 o w
at 41Cpo %ﬂr@gimém&rﬁtﬂ%v@w%ﬁ RohPEndEs ighaHivalg tihe,_ &l iisd and

centrifuged to tain a supernatant™ag a per|8 asmc soluti.on. The |FNa-2

25 | evel in Glne cpdonpl ins placesobit then AthAsps s206dAsp aed c2d5ndeT weadors, | SA
met hod (Kato, K et.al., J,I J 16 554, 1976) i a nid body
agai nst the rPWIQ’eEﬁ&DE'%QA;gEaﬁd%Q}va@a%if%ﬁr%rtr% a@ﬂﬁhﬂ%a_ %s%{ncfgf g(f he
| FNa- 2a progyigsiet RfFankfortnfts CdbbighatedTNE cOBSHVE BOGLBhand HMTam792]. 30
Table I : Conparision of expression anmount of |FNa-2 Transformant Exanpl e

Expr essi on Wespddtizvgly. FNa- 2 WO 01/ 057217 PCT/ KROL/ 00097
15

Example 2: Preparation of thermosrable enterotoxin II Shine-Dalgarno

sequence mutant

In order to reduce the number of bases between the ribosome binding

20 site and initiation codon ATG of the modified E.coli thermostable
enterotoxin II signal sequence within thermostable enterotoxin II Shine-
Dalgarno sequence of the above-prepared expression vector, a modified
plasmid was constructed by the site-directed mutagenesis procedure of
Comparative Example 2.

25 Namely, to reduce the number of bases between the ribosome
binding site GAGG and initiation codon ATG from 7 to 5, vector
pT140S8SIa-2a-4T22Q prepared in Example 1 (2) was subjected to the site-
directed mutagenesis procedure of Comparative Example 2 using the
oligonucleotides of SEQ ID NOS : 31 and 32 to obtain a modified plasmid

30 designated pT14NSSIa-2a-4T22Q. In addition, to reduce the number of
bases between the ribosome binding site GAGG and initiation codon ATG to
4, vector pT14NSSIo-2a-4T22Q was subjected to by the site-directed



16 Vector amino acid Level residue in STIl in periplasnm HM 10600 Conp.
PT14Sl a- 2a 8240 Exam 1 HM 10601 Conp. PT14SSla-2a 325 75 Exam 1 HM 10701
Conp. PT14®31a5203728890 Exam 2 HM 10602 Exanpl e pT14SS| gcAakioh/ o7 550
120 1(1) HM 10603 Exanpl e pT140SSl a-2a- Thr L020135 1(2) 4T HM 10604
Exanpl e PT14SSl a-2a- Thr , d n 680 105 iLéZ) 4T22Q HM 10611 Exanpl e
pT14CSSl a-2a- Thr , dn 1,220 120 1(2)*4T22Q HM 10612 Exanpl e

pT140SSl a- 2a- Thr , Val', 1, 130180 1(3) 4T20V22Q A n22 HM 10613 Exanpl e

v, ain aseilbesS indslin’ 1 o, CARRAN INPEE. 2 T B )

HVM 10703 Exaligoauple4ideSiof-SHQ IDI'[NIOS3531hﬁd 34 20 obfaihiM ﬂrﬁﬁiﬁe&mimph
pTl 40SSI a- 2b- Thr, G n 1,070150 1(2) 4T22Q HM 10712 Exanpl e pT14CSSI a- 2b-
Thr4, Vval @mnamprHlsi)SSlmz &n22 * I FNa ng/ 100 O. D600 /L culture
sol utlon Exarrple t t i [ lqn e
procedure of Exarrpbfélwlépx?;r ans r%t t@%@g@#ﬁé%ﬁﬁ fie Afi6aid %lés‘i’niﬁlg

5  The base sequences of the DNAs recovered from transformed colonies were

determined, and thus obtained were IFNa expression plasmids pT14NSSIo-~

2a-4T22Q and pT14MSSIa-2a-4T22Q which respectively contained 5 and 4

bases between the ribosome binding site GAGG and initiation codon ATG.

E.coli BL21(DE3) was transformed with the expression plasmids to obtain
10  transformants designated HM 10613 and HM 10614, respectively.

Example 3 : Comparision of expression amount of IFNo-2

Transformants prepared in the above Comparative Examples and
15 Examples were cultured in LB medium and then incubated in the presence of
IPTG for 3 hours. Each of the cultures was centrifuged at 6,000 rpm for 20
min. to precipitate bacterial cells and the precipitate was treated by Osmotic
shock method (Nossal, G. N., J. Biol. Chem., 241:3055, 1966) as following.
The precipitate was suspended in a 1/10 volume of isotonic solution
20 (20% sucrose, 10 mM Tris-Cl buffer containing | mM EDTA, pH 7.0). The
suspension was allowed to stand at room temperature for 30 min, and then
centrifuged to collect bacterial cells. The cells were resuspended in D.W. at
4T to extract the proteins present in the periplasm of the cells, and
centrifuged to obtain a supernatant as a periplasmic solution. The IFNa-2
25 level in the periplasmic solution was assayed in accordance with ELISA
method (Kato, K. et al., J Immunol., 116, 1554, 1976) using an antibody
against the IFNa-2 (R&D, USA), which was calculated as the amount of the
IFNa-2a produced per 1 £ of culture. The results are shown in Table 1.

30 TableI: Comparision of expression amount of IFNa-2

| Transformant | Example | Expression | Modified IFNo-2 |




5 10611 prepared in Exanple 1(2) was cultured in LB nediumand the culture

was centrifuged for 6,000 rpmfor 20 mn.

to harvest cells.

sol ution WaS0 105 £ T ed fromthe cells by the Gsnotic Shock pgatkRs/ooddre
periplasm c solution was adjusted to pH 5.0 to 5.5, adsorbed on WO

01/ 057217 PCT/ KROL/ 00097 17 an S-Sephar
pre-equilibrated to pH 5. 3,

Nadl .

and t hen,

ée

(Pharmacia Inc.,
colum was washed with 25 mM
| FNa-2 was el uted by sequential I y addi ng acetic acid buffer

The periplasmc

Sweden) col um

sol utions ¢ontaining 5p mM 100 nM va&er"™ and dgmMdNa&d, I espketéivel y, and
fractions containing IFNa 2 5 were coI | ect ed qgﬁdﬁgﬂpsrﬁp Tﬁ@rir I&gﬁi*”Ed
fractions Wwere—subjeet 0Bt "é""" Phat-fracta—tnce wegrer)—epl um
chr omat ogrépmpqé;@lu goé‘grpaddr n% i@ IG@‘E@ caol utm buffer Iétziié 9
containing|{rmore than 2( MExgiGil tp obtain an agtive fraction. 10 The acrive
fraction was HvVel9e@H WM Congp.buf f @T148%gf2Halll y subjected; tgnseasyyn cplum
fractionatijon using a D%Earﬁnion exchange resr n colum at |pH 5.8 to optain
| FNa- 2a haW-Rg-apiiity—of —fotethan—99% gadi-tHem—+FNa=2p—was
purified fnomyﬂmor mantOiP- cp| :Pm@‘?‘ﬁ repeating the fg%és%()
procedure. |15 Each of F Hgxggur 21| ed | FNa- 2a anc | FNa- 2b fragcti ons was
subj ected [t GINDEOEOR dDdeeyhslel | pTe4BSIyAecaTam de Taet el ect ramphenepi s
(SDS- PAGE) [to determ he tlbp) pur |ty and approﬂr mate | FNa cpncentrati on} and
then subjecteg—+to-—a—cp crururr TH-SA hod—as—nExanpte3-to—¢deter m ne
the exact r%l@%@% 1%'?? Tﬁgf@g‘%?é@mc sottit i on. Ihﬁggd#rfin it
was 20 conflirned by N 2Dal am no &l d sequence anal ysis that | FNa-Pa
and | FNa- 2b % 0664 t wﬁmﬁ lée| t pragSkaying no T Glafral | nejdy enoRe.
Exanpl e 5: {Det erm nat i bn q@ FI\H&- 2a b Qul ar jwei ght pr odu,ed from
reconbl nant call as nr ess+oh | aet ﬂh{% G'F I I:I\Ia 2a
and | FNa- 2k m& Ud r%?ﬁm RleohinTHAQRS S22t i|n iEXNe det bgloupr ng
SDS- PAGE gnd Western bl oﬂ(Z)ng. Fi r s4T22Qe perji pl asni c fra,t | on of
transfor mant fpveeb613M WeHple | pT140SSIo-2a- | Thr', Val®™, | 1,130£180
1(3) 4T20V22Q Gln*
HM 10613 | Example | pT14NSSIa-2a- | Thr’,Gln™ | 750+ 144
2 47122Q
HM 10614 | Example | pT14MSSIa-2a- | Thr", GIn™ 420100
2 4T22Q
HM 10702 | Example | pT14SSIa-2b-4T Thr* 37090
1(1)
HM 10703 | Example | pT140SSIa-2b- Thr” 735+117
1(2) 4T
HM 10711 | Example | pT140SSIa-2b- | Thr', Gln™ | 1,070+150
1(2) 4T22Q
HM 10712 | Example | pT140SSIo-2b- Thr*, Va 1, 820160
13) 4T20V22Q Gln™

* TFNo. mg/100 O.Dggo nn/LL culture solution

Example 4 : Post-treatment and purification

According to the procedure of Example 3, transformant E. coli HM

10611 prepared in Example 1(2) was cultured in LB medium and the culture

was centrifuged for 6,000 rpm for 20 min. to harvest cells.

The periplasmic

solution was prepared from the cells by the Osmotic Shock method.

The periplasmic solution was adjusted to pH 5.0 to 5.5, adsorbed on



30 prepared in Exanple 4 and purified | FNa-2a obtained therefromwere

subj ected to SDS- PAGE using a commercial | FNa-2a product (3 X 106 11U mnm)
as a contwwaloiastardi ng to the conventional nethod. Fig. S5aC0MKRMm/00697217
PCT/ KROL/ 00097 18 reproduces the SDS-PAGE result, wherein lane | shows the
| FNa-2a control; lane 2, the peripl asmf fraction of E.coli transformant
HM 10611; and | ane 3, the purified | FNa- Za As can be seen from Fig. 5a,
the purified |1FNa-2a had the sane nol ecul ar weight as that of the native

| FNa- 2a, an%%%@h@f&%ﬁ(@hanﬁa&aqn@ersvpé@eﬁpc@lﬁmac;;re@qu@mbﬂawai PHRAL
E.coli HM 10611 a hi l'evel. A addition, thé periplasnmic fraction of
t ransf or mantang. theo} the lsMummmas msb@d ivpitle @5f mAd N2t o bEENGisd vias eluibgdbct i ng

Fimal Ty pur 191 Seatiemtal Stad e ToRRIRAT AR {Mabd BRaRstodta fE, 107
convent | onal B dd 1 ARk, oRspheia 4 L i SR et o

with a buffer 'solution for bl ottlng glicine, 25 MM Tri's HA [pH
8], 20% 5netWI%1’ﬁ(ﬂ0)116§’ﬁﬁﬁiﬂmbcqm insidns “separated on the gel were transferred

onto the nitroceldul o perlo o]

bllotting Kit. The 1 {popbisife tlifibns NGeciubiscted? 16 Bl iEPdone
three tines (PhhinbER IneQ rS\&édbﬂ)gcéluﬁﬁf/ccEwﬁﬁﬂt h‘é)‘l@ndldlﬁt%ﬂ waadditig th a
rabbit anti-]FNa_ anti body (Chem con, #AB 143 USA) sol ution dil ut ed W th
PBS and r eadhecolamuy butfer sefysions eeitanling mets shane M Nalkio ebtainhan
filter was mes with a PBST solution to renove unreacted

anti body. I—%@&gdﬁa&th&nzo per oxi dase- conj ugat ed goat anti-rabbit 19gG

(Bi 0- RadoLab. , USAhdadtistecttactibh wiBdiahpsedaddbica bhékest and fidalloanibistted room
tenperature for 2 hour. _The filter was washed wth PBST, and a peroxi dase

substrate kit fesmocqiamn fraghonation usigea iAo gxehangs wsi columgétop a
col or reactigh.s ghe QUth ocfiaoﬁb{ﬁ?lg gg;g%&%‘%%ﬁ.swﬂbirfégfgng i} ?{g&%‘?f‘ 'n

Fig. 5b, wheérein I'ane r épr esen asm ion o

t r ansf or mantIFNg-Qb wlak/lph@fﬁbﬂ, frbﬁﬂﬁraﬁsforhﬁﬁth a@lrz W pOT1¥ ibgtrepietting the
S- Sepharose col umm chromat ography; and lane 3, the final purlfled | FNa- 2b.
As a result VEPEREPEICit is confirned that a large quantity of sol uble

| FNa is16xpressed g amf fife pEAERATEAN-J2 52 TFRI-2bFalodd Gab ®Bfdlted
to sodium dodecylsulfate polyacrylamide gel electrophoresis (SDS-PAGE) to

determine the purity and approximate IFNo concentration, and then
subjected to a conventional ELISA method as in Example 3 to determine the
exact IFNa concentration in the periplasmic solution. In addition, it was

20  confirmed by N-terminal amino acid sequence analysis that IFNo-2a and
IFNo-2b were of the native types having no additional methionine.

Example 5 : Determination of IFNa-2a molecular weight produced from

recombinant cell lines

25
The expression and molecular weights of IFNo-2a and IFNa-2b
produced from recombinant cell lines were determined by using SDS-PAGE
and Western blotting.
First, the periplasmic fraction of transformant E.coli HM 10611
30 prepared in Example 4 and purified IFNo-2a obtained therefrom were
subjected to SDS-PAGE using a commercial IFNa-2a product (3 X 10°
IU/ml) as a control according to the conventional method. Fig. Sa
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methanol) and the proteins separated on the gel were transferred onto the
nitrocellulose filter over a period of 3 hours by using a blotting kit. The
15 filter was kept in 1% Casein for 1 hour and washed three times with PBS
containing 0.05% Tween 20. The filter was put in a rabbit anti-IFNo
antibody (Chemicon, #AB 1434, USA) solution diluted with PBS and reacted
at room temperature for 2 hours. After reaction, the filter was washed 3
times with a PBST solution to remove unreacted antibody. Horseradish
20  peroxidase-conjugated goat anti-rabbit IgG (Bio-Rad Lab., USA) diluted
with PBS was added thereto and reacted at room temperature for 2 hour.
The filter was washed with PBST, and a peroxidase substrate kit (Bio-Rad
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the final purified IFNo-2b.
As a result of Example, it is confirmed that a large quantity of
soluble IFNa is expressed from the recombinant E.coli strains of the present
30 invention.
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5 thernostabl e enterotoxin Il signal sequence obtained by replacing one or
nore of the 4th, 20th and 22nd am no acids of E.coli thernostable

ent er ot ox\w o1los78rgnal sequence having the am no aci d sequengerAfoo®EQ | D NO
- 3 with other amino acids; and a pol ynucl eoti de encoding hlFNa ligated to
the 3'- end thereof. 10 2. The expressiog vector according to claim1,
wherein the nodified thernostable enter %oxin 11 signal sequence is
selected fromthe group consisting of a pol ypeptide obtained by replacing

t he 4t haspar@gi .;]gﬁ jno 15 acid sequence of SEQID NO: 3 with
t hr eoni ne; aﬁgic#%g&ll e gsgatai ned by replacing the 4th asparagi ne and 22nd

tyrosine of the am no acid sequence of SEQID NO: 3 with threonine and

gl utam ne, respectively; a pol ypeptjde obtained by replacing the 4fhand
20t h aspar agl-n5§ expresgionngceaf der ad%? PCEEEENBEO U@E‘Qof Eb‘W%‘n Ipfepieren

t hreoni ne a u N6 tively, : L.y p i oht aj

repl aci ng t%p% hkmgggi%@@%IQgZOt% p(gi pgggeé){ﬁ%g aﬁgidt(ﬁﬁegzl%ndh{b?/i?fgg?ne of
the anmi né acthdrmestablec entefroih | 1D $ighal sQqueinch obtadmd by, repddding cared or

gl ut am ne, resFeyeé i,vel

. ~R8 3., Thg expressjon ctor. according to claiml,
Sher o't he BOIS LI 207 A IAE ARD BRILS O L ab e RRAIAME Splelpig i NG -

1 or IFNa-2 P : i or gl to
ol ai m L, whi P g O et A o D Ao
Shi ne- Dal garothes amiro aeidsSRusk qumigeucle@ide leDcodingdhlldNaaligatedrtd thbed’eof
ligated to the tiltrefont of the 5 -end of the WD 01/057217 PCT/ KROL/ 00097 24
pol ynucl eot i‘%ﬂg E%(&fr ng the nodified thernostable enterotoxin Il signal
sequence,y 5. The expression vector according to claim4, wherein the

mut ant has a 5 sequence obtained by deleting 1 or 2 nucleotides fromthe
section fol |2wlhg eSpESsHM tvestd -acaardifg SBEQ dIHNNCOL,; wherein the modified

thermostable enterotoxin II signal sequence is selected from the group
consisting of:

a polypeptide obtained by replacing the 4™ asparagine of the amino

15 acid sequence of SEQ ID NO : 3 with threonine;

a polypeptide obtained by replacing the 4% asparagine and 22™
tyrosine of the amino acid sequence of SEQ ID NO : 3 with threonine and
glutamine, respectively;

a polypeptide obtained by replacing the 4™ and 20 asparagines of

20  the amino acid sequence of SEQ ID NO : 3 with threonine and glutamine,
respectively, and;

a polypeptide obtained by replacing the 4™ asparagine, the 20
asparagine and the 22™¢ tyrosine of the amino acid sequence of SEQ ID NO :
3 with threonine, valine and glutamine, respectively.

25
3. The expression vector according to claim 1, wherein the polynucleotide

encoding hIFNa codes for IFNa-2a of SEQ ID NO : 1 or IFNa-2b of SEQ
IDNO: 2.

30 4. The expression vector according to claim 1, which further comprises
E.coli thermostable enterotoxin II Shine-Dalgarno sequence (SD sequence,
SEQ ID NO :8) or a mutant thereof ligated to the front of the 5’-end of the



6. The expression vector according to claim4, wherein the mutant of SD
sequence has the nucl eotide sequence of SEQID NO: 9. 10 7. The expression
vect or aco@@ideito claiml, which is selected fromthe grCAURREISITSEI NG

of plasm ds pTIl 4SSl a- 2a-4T, pTl 40SSl a- 2a-4T, pTl 4SSI a- 2a- 4T22Q,

pTlI 40SSI a- 2a- 4T22Q, pTI 40SSI a- 2a- 4T20V22$, pTI 4NSSI a- 2a- 4T22Q,

pTlI 4MBSI a- 2a- 4T22Q, pTl 4SSl a- 2b-4T, 15 p 44058l u. - 2b- 4T, pTI 40SSI a- 2b-4T22Q
and pTl 40SSl u. - 2b-4T20v22Q 8. A microorganismtransforned with the
expression v -any : | ai t 1 o0 o i,$M
accordi ng tcﬁ (@&%ﬁ%@éﬂﬁ%@%ﬁi‘n@é éh%cg‘}@ﬁ%.ﬁ?ﬁnéorgn&g ?%53%%8 ?%@nhag(r: g%@‘??ig to
claim?9, whigghuescsel ected fromthe group consisting of E. coil

BL21( DE3)/ pTl 4SSl a- 2a- 4T (HM 10602), Ecoli BL21(DE3)/pT14CSSI a-2a-4T (HM
10603; Accession NO KCCM 10175), 25 E.coli BL21(DE3)/pTl 4SSl a- 2a-4T22Q (HM

10604), E.cati - 204 - g j , KCOM
10176%, E. cgf%: Tﬁ%ﬁ‘%ﬁ%@‘%%@?ﬁ@é@r%%@ié@ﬂb@%ﬂ)%ﬁgEﬁ?&a&? 1 a

BL% 12 DE%S? stbqtﬂSﬁteaoB’aﬁ'ﬂéEg b% ddiM’ungléi) 2 nlﬁclmiltide:s% 0fromzth(e seg‘;i;m flc)llcévsving -
BL21( DE3)/ pT | 3- 2a- 4T . E.coli BL21( DE3) / pTl 4SSl a- 2b- 4T
( HM 10702)',o : iO%EEQH?("@E )qf(pﬁgbé&@@b- 4T (HM 10703: Aocessi on NO

KCCM 10177), E.coli BL21(DE3)/pTl 40SS| a- 2b- 4T22Q (HM 10711; Accessi on NO

KCCM WO 01/ 057217 PCT/ KROL1/ 00097 25 10178) and E.coli
BL21( DE3) / pTA.ATISlexp2énsioi? G2 {d¢ddrdidgl®@) claim 4 Awherems thedf onutawcofiSVel y

produci ng hl ENa havj ng .no additional nethiqnl idue attached at the
N-t ermi nal cHAPFREY h@sg’éh?eﬂ%‘ﬁs%d%ﬁ?qU%\C?Pgrﬁ}éﬂfhlﬁgfagm croorgani smw th an
expressiign vector for the secretive production of hlFNa conprising a

pol ynucl eoti de encoding a nodified thernostable enterotoxin Il signal
sequence obtAi Thel expressporacieatproaeondingntor elagi 1 hsvhich is zotdctahfror2dhan no

B no aci o SBOHBncEOBISERE |6 NBISId | RT1ISSIHEA LR nd IdACRSIaniag T "
pol ynucl eot i dp1 £SGRARAITD YR T BROSILG 2atiE20; 1 4OSIRSA4TOVINE, Ur 1 N9

t he transformed m croorgani Sm
pT14NSSIa-2a-4T22Q, pT14MSSIa-2a-4T22Q, pT14SSIo-2b-4T,

15 pT140SSla-2b-4T, pT140SSIa-2b-4T22Q and pT140SSIa-2b-4T20V22Q.

8. A microorganism transformed with the expression vector of any one of
claims 1 to 7.

20 9. The microorganism according to claim 8, which is £.coli.

10. The microorganism according to claim 9, which is selected from the
group consisting of E.coli BL21(DE3)/pT14SSIa-2a-4T (HM 10602), E.coli
BL21(DE3)/pT140SSIa-2a-4T (HM 10603; Accession NO: KCCM-10175),
25 E.coli BIL21(DE3)/pT14SSIo-2a-4T22Q (HM 10604),  E.coli
BL21(DE3)/pT140SSIa-2a-4T22Q (HM 10611; Accession NO: KCCM-
10176), E.coli BL21(DE3)/pT140SSIa-2a-4T20V22Q (HM 10612), E.coli
BL21(DE3)/pT14NSSIa-2a-4T22Q (HM 10613), E.coli
BL21(DE3)/pT14MSSIo-2a-4T22Q HM 10614), E.coli
30 BL21(DE3)/pT14SSIa-2b-4T (HM 10702), E.coli BL21(DE3)/pT140SSIa-
2b-4T (HM  10703; Accession NO: KCCM-10177), E.coli
BL21(DE3)/pT140SSIo-2b-4T22Q (HM 10711; Accession NO: KCCM-



12. The process according to claim 11, wherein the nodified thernostable
enterotoxin Il signal sequence is selected fromthe group consisting of: 15

a pol ypephigda,ebiiai ned by replacing the 4th asparagi ne of gdyekréigogw7 aci d
sequence of SEQID NO: 3 with threonine; a polypeptide obtained by

repl acing the 4th asparagi ne and 22nd Lﬁ;\OSi ne of the am no acid sequence
of SEQIDNO: 3 with threonine and gl m ne, respectively; 20 a

pol ypepti de obtai ned by replacing the 4th and 20th asparagi nes of the

am no acid I ' | HE.0H y 8,
respecti vel ;‘fmﬁg?ﬁgq%ﬁ?’gge[pﬁ@@é@%‘%ﬁ%@@é@%gg@@%?W@ par agi ne,
the 20th asparagine and the 22nd tyrosine of the am no acid sequence of

SEQID NO: 25 3 with threonine, valine and gl utamne, .respectiyely.. 13.
The process Hecédr diragesso for apesretivelyh dreducinge higNgn iavdng pe adeisienal

hl FNa codes : -2a; ; I : ; . 30
14. The pr oc%g@lgrg@grgé}h(g{et ?’%@cg?% 1th%m1|@éﬁ}r§§ir%} ﬁée{)rrﬁégnp% Ié%s Igg%sol%if'

t her nost &bl eranfemoingxa midrobizasmewith {BERPrE3siD vePtarr far thet savretivder eof
ligated to the front of .the 5 -end of the pol ynucl eoti de encodi ng .the, WO
017057217 PEFOARESImODo AIBNC EoampriEng: hphastialsotdeneaseding a mpd i&thal

sequence. 15cpeﬁﬁﬁséﬁgtéc é?%rffb&% ;ﬁ rkﬁgéél %(ﬁfeﬁbéﬁabt Heby fePfacity e HAS 2
sequence obtalne y delefing r nuct eoti des fromthe sectTon

fol | owi ng GAGGreodf tie 412G and aBEQD DIdN®E EgoliltherMiostablo ertesotasior di ng
to claim 14, _wherein the tant of SD. sequence has [ sequence
of SEQID N&:Sl@a?fﬁqwmer &vihigo Lok isr‘FéluFBCiP%{gE@@ ivﬁ(ér:ifxn he

expr essiign Vv, : I >

e 195, GhbPimito, a5 SBUSF paRRITLISNRAN IR AGRIBIENG Miied B ARD 0ond.

pTl 40SSI| a- 2ahdepdhivarculiinggst trapsfotmed QriqpdorgeBiina- 2a- 4T22Q,

pT14SS| a- 2b- 4T, pTIl 40SS| a- 2b- 4T, pT140SS| a- 2b-4T22Q and 15
pT140SSI a- 2b- 4T20V22Q 18. The process according to claim 11, wherein the

transformed 71 RO PrOGIs HBCoEding! RCERENT 1B MvhBRifRY 68T S tHeRtosiable COI |
enterotoxin II signal sequence is selected from the group consisting of:

15 a polypeptide obtained by replacing the 4™ asparagine of the amino
acid sequence of SEQ ID NO : 3 with threonine;

a polypeptide obtained by replacing the 4% asparagine and 22°
tyrosine of the amino acid sequence of SEQ ID NO : 3 with threonine and
glutamine, respectively;

20 a polypeptide obtained by replacing the 41 and 20 asparagines of
the amino acid sequence of SEQ ID NO : 3 with threonine and glutamine,
respectively, and;

a polypeptide obtained by replacing the 4™ asparagine, the 20™
asparagine and the 22™ tyrosine of the amino acid sequence of SEQ ID NO :

25 3 with threonine, valine and glutamine, respectively.

13. The process according to claim 11, wherein the polynucleotide encoding
hIFNa codes for IFNa-2a of SEQ ID NO : 1 or IFNo-2b of SEQID NO : 2.

30 14. The process according to claim 11, which further comprises E.coli
thermostable enterotoxin IT SD sequence (SEQ ID NO :8) or a mutant
thereof ligated to the front of the 5’-end of the polynucleotide encoding the



BL21( DE3)/ pT14SSI a- 2a- 4T (HM 10602), E.coli BL21(DE3)/pT140SSla 20 2a-4T
(HM 10603; Accession NO KCCM 10175), E.coli BL21(DE3)/pT14SSl a-2a-4T22Q
(HM 106040 d/e2liy  BL21( DE3)/ pT14C0SSI a- 2a- 4T22Q ( HM 1061 BcrRraEF®IEGN NO
KCCM 10176), E.coli BL21(DE3)/pT140sSI a- 2a- 4T20V22Q (HM 10612), E.coli
BL21( DE3) / pT14NSSI a- 2a- 4T22Q (HM 10613), E coli

BL21( DE3)/ pT14MSSI a- 2a- 4T22Q (HM 10614), 28 col i BL2I (DE3)/ pT14SSl a- 2b- 4T
(HM 10702), E.coli BL21(DE3)/pT140SSl a- 2b-4T (HM 10703; Accession NO

o 1017t ORI BB R R SRR 250 (v 10715). 90

15. The process according to claim 14, wherein the mutant has a sequence

obtained by deleting 1 or 2 nucleotides from the section following GAGG of
5 the 5’-end of SEQ ID NO : 8.

16. The process according to claim 14, wherein the mutant of SD sequence
has the nucleotide sequence of SEQ ID NO : 9.

10 17. The process according to claim 11, wherein the expression vector is
selected from the group consisting of plasmids pT14SSIo-2a-4T,
pT140SSla-2a-4T, pT14SSIo-2a-4T22Q), pT1408SIo-2a-4T22Q,
pT1408SIa-2a-4T20V22Q, pT14NSSIa-2a-4T22Q, pT14MSSla-2a-4T22Q),
pT14SSIa-2b-4T,  pT140SSIa-2b-4T, pT140SSIa-2b-4T22Q  and

15  pT140SSIa-2b-4T20V22Q.

18. The process according to claim 11, wherein the transformed
microorganism is selected from the group consisting of E.coli
BL21(DE3)/pT14SSIa-2a-4T (HM 10602), E.coli BL21(DE3)/pT140SSlo-

20 2a-4T (HM  10603; Accession NO: KCCM-10175), E.coli
BL21(DE3)/pT14SSIa-2a-4T22Q (HM 10604), E.coli
BL21(DE3)/pT140SSI0-2a-4T22Q (HM 10611; Accession NO: KCCM-
10176), E.coli BL21(DE3)/pT140SSIa-2a-4T20V22Q (HM 10612), E.coli
BL21(DE3)/pT14NSSIa-2a-4T22Q (HM 10613), E.coli

25 BL21(DE3)/pT14MSSIa-2a-4T22Q (HM 10614), E.coli
BL21(DE3)/pT14SSIa-2b-4T (HM 10702), E.coli BL21(DE3)/pT1408SIo-
2b-4T (HM  10703;  Accession NO: KCCM-10177), E.coli
BL21(DE3)/pT140SSIa-2b-4T22Q (HM 10711; Accession NO: KCCM-
10178) and E.coli BL21(DE3)/pT140SSIa-2b-4T20V22Q (HM 10712).

30



