_1- DESCRI PTI ON PRODUCTI ON PROCESS FOR MUTANT TECHNI CAL FI ELD Thelpt 8662005
invention relates to a novel production process for a nutant conpri sing
introducing a inproved DNA construct into animal cells, the DNA

construct, and a kit for producing a gene nmutant or expressing a mutant
gene. BACKGROUND ART Living things now in existence have evol ved over a

| ong period of tinme through the nutatagenesis and the selection of nutants
by the environnent. The general evolution has very slow speed and passes

t hrough many generations to advance. On-the other hand, in the case of

ant i body- producing cells of the i mune system the nutatagenesis and the
sel ection by antigens are conpl et ed DESCRIErggnerati on, and the next
generation will not inherit the acquired function. Such a quick rate of
evolution in the i Mmune sysERPPUGTIO ePRrEE®d FOR britpgiTset agai nst the

mut ati on of an environnent-dependent pathogenic m croorganism The present
i nventor previously praoduced transgenic mce to which genes of

bacteri a-derived enzyme 07 SEP 2005 -2- chl oranpheni col acetyltransferase
are introduced, and TECHNTCAL FIELD

5 The present invention relates to a novel
production process for a mutant comprising introducing a
improved DNA construct into animal cells, +the DNA
construct, and a kit for producing a gene mutant or

expressing a mutant gene.

10

BACKGROUND ART

Living things now in existence have evolved over
a long period of time through the mutatagenesis and the
selection of mutants by the environment. The general
15  evolution has very slow speed and passes through many
generations to advance. On the other hand, in the case of
antibody-producing cells of +the immune system, the
mutatagenesis and the selection by antigens are completed
inr one generation, and the next generation will not
20 inherit the acquired function. Such a quick rate of
evolution in the immune system is interpreted as being set
against the mutation of an environment-dependent

pathogenic microorganism.
The present inventor previously produced

25 transgenic mice to which genes of bacteria-derived enzyme




- - - - i SEP 2005
denonstrated that the nmutation of an antibody gene is controlled d}fuﬁg
pronoter and enhancer and the mutation of any genes can be induced by
controlling with a pronoter and enhancer of an antibody gene (Azuma, T., et
al., Int. Inmunology, 5(2) 121-130(1992)). The currently used production
process for a mutant is one of the nutant-produci ng nethods in which
del etion, insertion and/or addition nutation is suitably introduced into a
desi red DNA sequence, that is, site- specific nmutagenesis to
site-specifically replace a certain |lenggh of DNA sequences (Site-specific
nmut agenesis, _Zoller, et al., Nucleic Acid Res., 10, 6487-6500(1982);
Zoller, et th}ONBFHBQQiFﬂlEnZW%ﬂMylxraﬁ@fe#ﬁSeSOQﬁiQSSm}arodd¢éQne agher al
m smatch nutation using an artificially synthesized oligonucleotide as a
primer, a coﬁﬁWQHEHFéF9d dthafon bleeonitiet tomsicst | ag afntanaund génbases i s
synt hesj zed mﬁt? an_optional nutation in a base sequence nearby a site
where nutati 6R™ £O?6e ePVndiceRreame o | goAuehbenicde iasdhyhre dinzed: 1an a

target DNA, g@d %hen a DNA conplenenta;% to the remining of target DNA
can be produced tisPRESONATBoP§ntRdeeed Thuscortral bivesiwith too pianataduce a

desired mutatjgn] degired site. However, this nethod cannot induce
many nutantsggg 8h§égcgﬁ ?%eagtﬁgFlﬁﬁggggﬁQ§i§P§¥§Pen§}rséﬁeééxanﬂh§s 07

?EEtﬁgOS -3‘Iﬁﬂ§n91§@§Pe§f§PCf%ﬁl%ﬁ@g%gggffeStatiOn of a specific function

presence of a conpound at d S a gene

' The currently used production process for a
mutant is one of the mutant-producing methods in which
deletion, insertion and/or addition mutation is suitably

10 introduced into a desired DNA sequence, that is, site-
specific mutagenesis to site-specifically replace a
certain length of DNA sequences (Site-specific mutagenesis,
zoller, et al., Nucleic Acid Res., 10, 6487-6500(1982);
Zoller, et al., Methods in Enzymol., 100, 468-500(1983))).

15 In the general mismatch mutation using an artificially
synthesized oligonucleotide as a primer, a complementary
~oligonucleotide consisting of arouﬁd, 20  bases is
synthesized with an optional mutation in a base sequence
nearby a site where mutation is to be induced, the

20 oligdnucleotide is hybridized to a target DNA, and then a
DNA complementary to the remaining of target DNA can be
produced using DNA polymerase. Thus it 4is possible to
introduce a desired mutation into a desired site. However,

this method cannot induce many mutants at once.

- 25 In the other mutagenesis systems, some examines




(Myers, .et al., Science, 232, 613-618(1986)), and other uses bactﬂe]"i&%t%}.ﬁ5
However, these nethods are fundanentally different fromthe above one to

i nduce nutation by the present inventor. Variation (diversity) in the Ig V.
rTegion of mce and humans is generated by the conbinatorial joining of V,
D, and J gene segnents existing .separately in germine, the deletion and
addition of nucleotides at the junction of these segnents during joining,
and somatic hypernutation of joined V-(D)-J genes. The sonatic
hypernutation is related to the affinity-gaturation of antibody and has
been frequent] observed after stimulation of T cell-dependent antigen (TD)
(Bot hwel |, t{ MA1sgpPpgprance| | or24tes (MasiljestGaardar tof Pal. s gtigle,

Nat ur e, - 291 t29411981) GrlfflthS GM, et al., Nature, 312, 291(1984)

Mai zel's, N., 100 G0 [Ehey prepenceogs) a cugpockd, that. dasbgel.a HEE.

Nat | . Acad %EJY rléSA §3, 11847 1986): Cunmano, A., et al., EMBO J., 5, 2459
(1986): Berek, G, -Cel 1CI e 11244 19613~ 618KALERI ) , Mancet otladr ,

Mol . | munol 995) Furukawa, k., et al. | munity, 11, 329
(1999): 2-10 Uise%'zl'heg%l‘%ts:%c?l ng”&f enent sHO‘f’%E%%ﬂm Bihedeor meshpdductapa of

somati c hyper e |edu ngkchaln(OBrlen R L. et
al., 02 SEP%%He%?aRlapu Bg%gﬁﬁggﬁ J‘%Ji@%?) apee Mepe, efoal induge . J.

| ., 20 9 h . EI\/BOJ 10, 2139 (1991):
Betz, A G et o Toer 57 B8pgpbuyneEhest: | e

Varlatlon (diversity) in the Ig V region of mice

and humans is generated by the combinatorial joining of Vv,

D, and J gene segments existing separately in germline,

10 the deletion and addition of nucleotides at the junction
of these segments during Joining, and  somatic
‘hypermutation of joined V-(D)~J genes. The somatic
hypermutation is related to the affinity maturation of
antibody and has been frequently observed after

15 stimulation of T cell-dependent antigen (TD) (Bothwell,
A.L.M., et al., Cell, 24,625(1981) : Gearhart, P.J., et al.,
Nature, 291, 29 (1981): Griffiths, G.M., et al., Nature,
312,271(1984): Maizels, N., et al., Cell, 43, 715(1985):
Wysocki, IL.T., et al., Proc. Natl; Acad. 8ci. Usa, 83,

20 i847(1986): Cumano,A., et al., EMBO. J., 5, 2459 (1986) :
Berek,C., et al., Cell, 67, 1121 (1991) : Taketani, M., et
al., Mol. Immunol., 32, 983 (1995): Farukawa, k., et al.,
Tmmunity, 11, 329 (1999): 2-190 ). The cis-acting elements
responsible for the induction of somatic hypermutation

25 have been identified using k-chain (O'Brien, R.L. et al.




Yel amps, J., et al., Nature, 376, 225(1995): Peters,A ,et al., | nmgn? tSyE,P 4'2,1105
57(1996): 11-16), A-chain (Klotz, E., et -al., J. Immnol.,

157, 4458(1996):17) and H-chain transgenic mce (Durdik,J.,et al., Proc.
Natl|. Acad. Sci. USA, 86,2346(1989): Sohn,J.,et al., J.Exp.Med.,

177, 493(1993): Tumas- Brundage, K. M and Manser, T.,J.Exp. Med.,

185, 239(1997) :18-20). As stated above, the present inventor prepared
transgeni c mce carrying chl oranpheni col acetyltransferase (CAT) gene that
is driven by VH17.2.25 (Loh, D. Y., et at4;+ Cell, 33, 85 (1983):

G osschedl ,R_and Baltinore, D., Cell, 41,885 (1985): 22,23) and J-C intron
enhancer (héladaficer 886revABbéd98d) Ep)Sh@pej exy. B, Bt efn.al . pucel | 5.
33,715(1983):_Banerji, J.,et al., Cell, 33, 729(1983):24,25)/ matrix
attachnent r &8 tther &t d8794BBPEV: afbdrpe, MARY . ( Eor abst eEMBWVE, , eto al .,
Sci ence, 265, 1(1994):26). As a result, somatic hypernutati on was
detected in CAT but Inott)in AE §FronR €5 or Ep/ MAR. £ | afikilhg77, POMEVES4) | he
frequency of tation s approximately 1/10 that observed in endogenous
VH D- JH, suggerggtai%r?és’t hj;\{?’ tf s@g'ci dyherg ¢l @neres (AP85kr Petens, br, et

OO g LR 8 AR [, 200 LRl o comenent s suer
e e bl sob) Y T AE RN el BB
JL,14,6229(1&&5hS%3n28)HHEQhHDurdik,J.,et al., Proc. Natl. Acad. Sci.
USR,  86,2346(1989):  Sohn,J.,et  al.,  J.Exp.Med.,
177,493(1993): Tumas-Brundage, K. M. and Manser,
10 T.,J.Exp.Med., 185,239(1997) :18-20).
As stated above, the present inventor Prepared
transgenic mice carrying chloramphenicol acetyltransferase
{CAT) gene that is driven by V417.2.25 (Loh, D. Y., et al.,

Cell, 33, 85 (1983): Grosschedl,R. and Baltimore, D.,
15 Cell, 41,885 (1985) : 22,23) and J-C intron enhancer
(hereafter abbreviated to Ep) (Gillies, S.D., et al., Cell

r

33,715(1983) : Banerji, J.,et al., Cell, 33,

729(1983):24,25)/ matrix attachment region {(hereafter
abbreviated to MAR) (Forrester, W.C.,et al., Science, 265,
20 1221(1994):26). As a result, somatic hypermutation was
detected in CAT but not in Vg promoter or Ep/MAR flanking.
However, the frequency of mutation was approximately 1/10
that observed in endogenous Vy—D-Jy, suggesting that these

cis-acting elements are critical or important for the

25 induction of hypermutation and that other components such




be responsible for high frequent somatic hypermutation (Sohn, J. ,ﬂeﬁ S&P. 2005
J. Exp. Med., 177,493(1993): Tumas- Brundage, K M and Manser, T., J. Exp.

Med., 185, 239 (1997): Gusti, A M and Manser, T., J. Exp. Med., 177,
793 (1997):19,20,30). DI SCLOSURE OF THE I NVENTION In order to identify the
conmponent (s) inportant in raising the frequency of hypernutation in |IgH
gene, the present inventor enployed a RAG 2-deficient (Reconbination
Activating CGene: gene rearrangenent protein-2 blastocyst conplenentation
system devel oped by Chen et al. (Chen, J}5- et al., Proc. Natl. Acad. Sci.
USA, 90, 4528(1993):31). A series of transgene constructs differed only in
the 3'- flanRPngCYegi®@h wdr e3iri crwi rijhect edhanter RAG Anidiafd cicent ol afj-o_cyst S
to transfect egbryoni c stemcells (hereafter abbreviated to ES cells). The
chineric ni cENGBPEFRed (EEttEmBSoBystSem vier ead i izece wi 344 2085 (1590)

cell -dependeﬁt antig n. As a result, the frequency of somatic

hyper mut at i o FAeVESD: Jrr 8F t3e +t r BHEgene r Evmanedl t haRl,t hb19nEEsdijon of

DNasel sensiihg L8 Lon 3b &/Ihereafter 0 7_SEP 2005 -6- HS3b) and/or H$4
(Madi sen, L. and-Groldi Re; M 2leenddBbed 8, 172904095 M25ha@sl)son,ght. S. et

al ., Nuclegi cAci g 23,0 975(1995) . Arul anpal am V. et al.,
| munol . Todalf/)é %S,p%ki]g%ﬂf:ogz-éﬁ?hi nﬁﬁﬁ%&e‘}%né@??%éﬁath@m&aﬁj{cmi on.
An object of (sBRnpresent 1oventhon s 58 PR 9° 197, 403(1993) : Tumas-

Brundage,K.M. and Manser, T., J. Exp. Med., 185, 239

(1997): Giusti, A. M. and Manser, T., J. Exp. Med., 177,
793 (1997):19,20,30). '
10

DISCLOSURE OF THE INVENTION

In order to identify the compenent (s} important

_in raising the frequency of hypermutation in IgH gene, the
present inventor employed a RAG-~2-deficient {(Recombination

157 Activating Gene: gene rearrangement protein-2 blastocyst

complementation system developed by Chen et al. {Chen, J.,
et al., Proc. Natl. Acad. Sci. USA, 90, 4528(1993):31). A
series of transgene constructs differed only in the 3'-
flanking region were micréinjected' into RAG-2-deficient

20 blastocysts to transfect embryonic stem cells {hereafter
abbreviated to ES cells). The chimeric mice obtained in
this system were immunized with a T cell-dependent antigen.

As a result, the freguency of somatic

hypermutation in Vy-D-J, of the transgene revealed that

25 the insertion of DNasel sensitive region 3b {(hereafter




a production process for a_random nutant, where a DNA construct .Q?MEEEhZHE
nodi fied eukaryotic prompter, an external DNA sequence, an intron enhancer
and a 3' HS3/4 enhancer are linked is introduced into an aninmal cell.

Anot her object of the present invention is to provide a nethod for I .
obtaining a nutant gene by expressing the DNA construct in an anina _cef .
The inventor found a DNA construct for producing such mutant and a k|L or
producing a gene mutant or expressing the nutant, thus to accpnpllfh t ?h

~ present invention. Further, a nutant expgession product obtained rog1 e
expression system using animal cells is to nmean that it has subjected to

eni fi§3or sodioirt ai(MatiiashialL celkhs. dheudfgsenty i nvemtdion
E?gvigg;etheﬁgzllomﬁn Itgﬁzgl to 20. Item1. A production process %or an
exogenous geﬁ@vrﬁmééﬁg(&ﬁﬁddts}ﬁﬂhaaﬂsnn@INVSQpast@uQL QRN d i N Al | east
the follow ng (a)-gd) is introduced into an animal cell and the exogenous
gene mutant £&Sproddeed 7S 1088) anPmralarphlan, () atpadupt Bl . R 2005

; [ ; hancer
-7 (b) an exqgen ene; (c) _an intron enhancer; and‘(d) an enhan
conér?sing H%%b 3H3ﬂ399ﬁ$482ﬁ3é)DNa§éFeSséﬁBd@mveomeglonhypéfmumétldﬁva

producti0§ process aCCRdeﬁgeE% g%eghé’present invention is to provide
a production process for a random mutant, where a DNA
construct in which a modified eukaryotic promoter, an
external DNA sequence, an intron enhancer and a 3’ HS3/4
enhancer are linked is introduced into an animal cell.
10 Another object of the present invention is.to provide a
method for obtaining a mutant gene by expressing the DNA
construct in an animal cell. The inventor found a DNA
construct_ for producing such mutant and a kit for
producing a gene mutant or expressing the mutant, thus to
15  accomplish the present invention, Further, a mutant
expression product obtained from the exXpression system
using animal cells is to mean that it has subjected to the
screening for toxicity against animal cells.
The present invention provides the following
20 TItems 1 to 20.
Item 1. A production process for an exogenous gene random
- mutants, wherein a DNA construct comprising at least the
following (a)-(d) is introduced into an animal cell and
the exogenous gene mutant is produced in the animal cell:

25 (a) a promoter;




wherein the (d) enhancer further conprises HS1 and HS2. Item 3. Tﬁe7 SEP 2005
production process according to Item1l or 2, wherein the (d) enhancer has
a DNA sequence conprising at |east a DNA sequence of SEQID NO 1 or 2.
Item 4. The production process according to any one of Itens 1 to 3,

wherei n DNA sequences of (a), (c) and (d) are derived froma DNA sequence
of an inmmunogl obulin Item5. The production process according to [tem 2,
wherein the (d) enhancer conprises HS1, HS2, HS3b and HS4. Item 6. The
production process according to any one off- Itenms 1 to 5, wherein the (a)
pronoter is a \{H pronoter; and the (d) enhancer has a DNA sequence

conprisi ng DNR) S8y femeesnasss SEQe;D NOs: 1 and 2. 0 7 SEP 2005 -8- Item 7.
The producti (n process according to Item5 or wherein the DNA construct is
pvehc3' EHS3b/ 4 Iat“erh TOThENBRedeEri 6mcprocess according to any one of
Itens 1 to 7, OWner ilhe animal cell is a Becell line animal cell. Item
9. The produc i’on rbr&@ GUCEEC FTUMNGL 3169 t BAPB, anshiemei BS54 hénB xebNakine
animal cell i d froma pre- B lynphocyte Iine cell. Item10. A

met hod for og%a%mtr}\ér%anegx&nesa on product of a nutant gene by expressing
t he exogenous gene nutant obtained by the nethod according to any one of
[tens 1 to

Item 2. The production process according to Item 1,

wherein the (d) enhancer further comprises HS1 and HS2.

Item 3. The production process according to Item 1 or 2,
10 wherein the (d) enhancer has a DNA sequence comprising at

least ‘a DNA sequence of SEQ ID NO: 1 or 2.

Item 4. The production process according to any one of
Items 1 to 3, wherein DNA sequences of (a), (c¢) and (d)

15 are derived from a DNA sequence of an immunoglobulin

Item 5. The production process according to Item 2,

wherein the (d) enhancer comprises HS1, HS2, HS3b and HS4.

20 Item 6. The production process according to any one of
Items 1 to 5, wherein
the (a) promoter is a Vy promoter; and
‘the (d) enhancer has a DNA sequence comprising DNA
sequences of SEQ ID NOs: 1 and 2.

25




9 in the animal cell. Item 11. A DNA construct for producing an exgg%rﬁﬁ)s 2005
gene nutant, conprising at least: (a) a pronotér; (b) an exogenous gene;
(c) an intron enhancer; and (d) an enhancer conprising HS3b and/or HS4 in a
DNasel sensitive region. Item 12. The DNA construct according to Item 11, -
wherein O 7 SEP 2005 -9 the (d) enhancer further conprises HS1 and HS2. '
Item 13. The DNA construct according to Item 11 or 12, wherein the (d)
enhancer has a DNA sequence conprising at |east a DNA sequence of SEQ I D
NO 1 or 2. Item 14. The DNA construct adtording to any one of Itens 11 to
13, wherein DNA sequences of (a), (c) and (d) are derived froma DNA
sequence of iLhATindgl oBliki RrodhEEAPL5Prile sBNAccoRSIE hYC i caaakdigNg 0 any
one of Itenms 11 to 14, wherein the (d) enhancer conprises HS1, HS2, = HS3b
and Hs4. |t efle6°1RnERONANA oReR T BECRCED Il eigc 3 CEBI3b ohe of Items 11 to
15, wherein the (a) pronoter is a VH pronoter; and the (d) enhancer has a
DNA sequence conprising DNA sequences of SEQ ID NGs: 1 and 2.

Item 8. The production process according to any one of
5 Items 1 to 7, wherein the animal cell is a B cell line

animal cell.

f; Item 9. The production process according to Item 8,
wherein the B cell line animal cell is derived from a pre-

10 B lymphocyte line cell.

Item 10. A method for obtaining an expression product of
a mutant gene by expressing the exogenous gene mutant

obtained by the method according to any one of Ttems 1 to

15 9 in the animal cell.

Item 11. A DNA construct for producing an exogenous gene
mutant, comprising at least:
{a) a promoter;
20 (b) an exogenous gene;
{c) an intron enhancer; and

(d} an enhancer comprising HS3b and/or HS4 in a DNasel

sensitive region.

25 Item 12. The DNA construct according to Item 11, wherein




Item 17. The DNA construct according to Item 11 or 12, wherein theﬂ Z)I\ﬁEP 2005
construct is pvehc3' EHS3b/4. Item 18. A kit for production process of an
exogenous 25 gene nutant or produci ng an expression product of a mutant O
7 SEP 2005 -10- gene, conprising a vector having: (a) a pronoter; (b) an
exogenous gene-insertion site; (c) an intron enhancer; and (d) an enhancer
conprising HS3b and/or HS4 in a DNasel sensitive region; for achieving an
expression of a nutated DNA sequence which produces an exogenous gene
mutant. Item 19. The kit according to |témn 18, wherein the (d) enhancer
further conpr'seﬁ ySI nd HS2, Item 20. VH17.2.25 pronoter having a
sequence of §E@ B RaRger Abehr i R et hre privtlerand M&sht i on, an
exogenous gene is introduced into the systemcontrolled by the pronoter
and enhancer of an anti body gene, and therefore a gene cluster having

frequent and d mut.at i can_be obtained and a production process for
an ani nal ce Fgﬁi%?WﬂﬂéhﬁcﬁﬁAmﬁPﬁﬁtﬁuﬁEt3FF8ﬁdF§%MQﬁH§t¢%tléd@ée&ﬁnﬂC)a,
peptide or pLALELH,I r oy d hus it is sible totry taq inprove and
change a functionggfﬁﬁgtgﬁglEghgégﬁ¥rhﬁﬁ 4 gﬁ%ﬂ%?qqﬁﬂcﬁaaﬂﬁBQ%sﬁqg [Fecones
possi bl e 30 dexetop pBEW Séq@&gg @pté% of]j' q@O:halviOnIg An i nproved function

agai nst

Item 14. The DNA construct according to any one of Items
11 to 13, wherein DNA sequences of (a}), (c¢) and (d) are
derived from a DNA sequence of immunoglobulin.

10
Item 15. The DNA construct according to any one of Items

11 to 14, wherein the (d) enhancer comprises HS1, H52,

HS3b and HS4.

15 TItem 16. The DNA construct according to any one of Items
11 to 15, wherein
the (a) promoter is a V, promoter; and
the (d) enhancer has a DNA sequenée comprising DNA
segquences of SEQ ID NOs: 1 and 2.

20
Item 17. The DNA construct according to Item 11 or 1z,

wherein the DNA construct is pvehc3’ EHS3b/4.

Item 18. A kit for production process of an exogenous

25 gene mutant or producing an expression product of a mutant




antibiotic resistant bacteria, agricultural chemcals, or 0 7 SEQ'?Z(%? 2@%
i nproved peptide pharmaceuticals having a better function such as ~
interferon and growth hornone. Moreover, by using - - animal cells, it is
possible to carry out a toxicity screening on aninmal cells sinultaneously,
and therefore the primary toxicity can be exam ned and the quick creation
of various peptide products having a functionally inproved action is
~attained. Hereafter in this specification, the representation of am no

aci ds, peptides, base sequences, nuclei-d0acids and the |like by
abbreviation shall follow the provision of | UPAC1UB (| UPAC- | UB
Communi cat i orf¥3i1¥r BiYYIFGgiSéaly Mowerstbat beeingur. J. Bi ochem, 138: 9
(1984)), "Gq%geline for the preparation of specification and others

contai ning a Bas&@ SEGUEREEor an anino aci d sequence” (edited by the
Japanese Pat%nt Cffic%) and the conventional synbols in the art. The
synthesi s of DNA2TY RECUERSIFUBENBRLBFEDNAONcoREET UCt cont ai ni ng an

exogenous ge (e.g.,.an expression vector), the preparatiaon nethod of a
host cel | trgﬁgfgpnégtﬁﬁntﬁ@gﬁﬁﬁeﬁongP?uct and an expressed protein

secreted by gghosi,.c . can _he .easi| repared or obtained in
accor dance wﬁtﬁ dghegghaagégﬂqgﬁﬁﬁﬁ%ﬂ%%iW%?ﬁkéEHﬁPﬁuéﬁ*%Nbﬁeéhl%ﬁaﬁﬁbning

2d Ed, Cold §@hgggiﬁgr9ggio ab. Press (1989); Continuation of Bi ochem cal
Experiment Course, Genetic Résearch Method I, Il and I1l, Japanese

for achieving an expression of a mutated DNA sequence

o which produces an exogenous gene mutant.

10 TItem 19. The kit according to Item 18, wherein the (d)

enhancer further comprises HS1 and HS?2.

Item 20. V417.2.25 promoter having a sequence of SEQ ID
NGC: 14. |

15 According to the present invention, an exogenous
gene 1is introduced into the system controlled by the
promoter and enhancer of an antibody gene, and therefore a
gene cluster having frequent and random mutations can be
obtained and a production process for an animal cell line

20  mutant in which a mutation is widely introduced into a
peptide or protein is provided, thus it is possible to try
to imprové and change a function of naturally occurring
protein. For example, it becomes possible to develop new
type of antibiotics having an improved function against

25 antibiotic resistant bacteria, agricultural chemicals, or




0 7 SEP.2005 5 -12- Biochemical Society (1986)) or gene reconbinatﬁt% SEP 2005

techniques (refer to e.g., Science, 224, 1431 (1984); Biochem Bi ophys.

Res. Comm ,

130, 692 (1985); Proc. Natl. Acad. Sci. USA., 80, 5990

(1983)). In the present invention, a nutant refers to a gene conprising a

random nut at ed DNA sequence of an

exogenous gene or an expressi on product

having a nutated  am no acid sequence encoded by a random nut ated gene. The
mut ant production in an aninmal cell according to the invention can be
achi eved by preparing a DNA construct pflawvi ded by the invention for

i nducing nutant (reconbi nant DNA) that can be expressed in a host

cont ai ni ng al§EFevestc gntg de déwinmedeprtdioails, randng i restied NOrE et ion

construct into the cell.

cel |

In the specification "introduce a DNA construct

into an ani mEMCEelS" idand eroni Assr guputd Anrerogendisregens, i ouRiGEnome
of animal cell., Tﬁe EX£LESSLOH product of nutant is obtained by

cul tivating &7%F&8

and then collectin

sfoFmafit cidnt aFniPRFiHelabsve patant @ft erogencirsi ge
roduct fromthe resulting culture. The DNA

t he
construct foFCFﬁﬁﬂgPﬁg‘ﬂgtﬁﬁﬂmﬁ}oﬁﬁﬁéds By heapeeashy, i maent {lonr diEsre
structur e cogRel sLg.aty | eaghcl@) a-BLOMLer,, (B), an exogenous gene,

an intron

10

15

20

25

creation of various peptide products having a functionally
improved action is attained.

Hereafter in this specification, the
representation of amino acids, peptides, base seqﬁences,
nucleic acids and the like by abbreviation shall follow
the provision of IUPAC~-TIUB (IUPAC-IUBR Communication on
Biological Nomenclature, Eur. J. Biochem., 138: 9 (1984)),
"Guideline for the prepa:ation of specification and others
containing a base sequence or an amino acid sedquence"”
(edited by the Japanese Patent Office) .and the
conventional symbols in the art.

The synthesis of DNA, the construction of DNA
construct containing an exogenous gene (e.qg., an
expression vector), the preparation method of a host cell
transformed by the DNA construct and an expressed protein
secreted by a host cell, etc. can be easily prepared or
obtained in accordance with general genetic engineering
techniques (Molecular Cloning 2d Ed, Cold Spring Harbor
Lab. Press (1989); Continuation of Biochemical Experiment

Course, Genetic Research Method I, II and III, Japanese

ne

(c)




enhancer, and (d) an enhancer containing HS1, HS2 and HS3b O r séﬁz‘éﬁ% 2005
-13- and/or HS4 in a DNasel sensitive region and can be easily produced or
obt ai ned by general gene engineering technique. For the preparation of each
gene (DNA) in the invention, the gene may be derived froma suitable '
origin or chemcally synthesized. Specifically, the DNA synthesis may be
chenmical synthesis based on the phosphoram dite nmethod or the triester
nmet hod, or nmay be carried out on the commercially avail able automatic

ol i gonucl eoti de synt hesi zer. A double strnand fragnment can al so be prepared
froma chemcally synthesized single strand product by: synthesizing

conpl ement ar Bisthandsadnd sookatyng t1ese) strands hedet hefeodes, st abl e
conditions; or using a DNA polynerase together with a suitable priner
sequence to &¢dhaicuespl éreftar st kand, |Bcagdié) om2gachsgene cagy pe
obtianed by: either DNA synthesis as described above; or preparing a cDNA
library in aBé&cdanceBiorhyan Bedi n&pympet hdd, f 66 a19%®Li oPr&ONtMHI Ng t he
gene or froma suitable origin in which the gene is expressed, and

sel ecting a 8&8FredCdl-oHEA-usPRg 8BPPall 8Bt bbe or antibody specific to the
gene (Proc. Natl. Acad. Sci. USA, 78, 6613 (1981); Science, 222, 778
(1983) ett). Illustratéd &8s RFSHGY niofeRDN nat hatabhbveefare \‘tar iaus

ki nds of cellg and tissues where eag? gene is
gene comprising a random mutated DNA sequence of an

exogenous gene or an expression product having a mutated
- _ amino acid sequence encoded by a random mutated gene.
The mutant production in an animal éell

10 according to the invention can be achieved by preparing a
DNA construct provided by the invention for inducing
mutant (recombinant DNA) that can be expressed in a host
cell containing a gene encoding a desired protein, and
introducing the construct into the cell.

15 In the specification “introduce a DNA construct
into an animal cell” means to incorporate an exogenous
gene into a genome of animal cell.

The expression product of mutant is obtained by
cultivating a transformant containing the above mutant of

20 exogenous gene and then collecting the prdduct from the
resulting culture.

The DNA construct for inducing mutantlprovided
by the present invention has a structure comprising at
least (a}) a promoter, (b) an exogenous gene, (c¢) an intron

25 enhancer, and (d) an enhancer containing HS1, HS2 and HS3b




0 1 SEP 2005 -14- expressed, cultured cells derived therefrom and § FeSEPkg)5
In addi'tion, separation of total RNA fromthese origins, separation and
purification of nRNA, preparation and cloning of cDNA, etc. can be al
performed in accordance 5 with an ordinary nethod. Conmercially avail abl e
CDNA libraries such as cDNA library from C ontech Lab. Inc. can be used
inthis invention. A nmethod of screening the gene fromcDNA |ibrary is not
limted and can be performed in accordance with an ordinary nethod. 10
Specifically, a nethod of inmunoscreenidfig3the proteins produced by cDNA
usi ng specific antibodies against the proteins and selecting the

correspondi ngn@ONA HE4 one, apbagyeThybhidtzaki eagapd eakorynhybr kdkzati on
with the use of a probe selectively conbined with a target DNA 15
sequence, a pomdiced ion ditdiese hetdwodsalei@neCahdiecesedg tAshhhguer obe
used herein, a DNA chemcally synthesized based on the information of the
base sequence of eachF@genthearprspagendral lof usednh behea WiTe aln eady
obt ai ned according to the invention or a fragnment thereof 20 can al so be .
used sati sf act'®@#11ion Schve penferayr beadersende fppinner stesbbhedolbagéd on

t he base _sequence |jnformation of exogenous gene can be used as a probe for
screeni ng. AhaFRsHICably etitideSRffbnce corresponding to 25 the DNA

sequence of each gene és uggd s the above 0 7 SEP 2005
_ pecifically, the DNA synthesis may be chemical

synthesis based on the phosphoramidite method or the
triester method, or may be carried out on the commercially
available automatic oligonucleotide synthesizer. A double
10 strand fragment can also be prepared from a chemically
synthesized single strand product |by: synthesizing
complementary strands and annealing these strands together
under suitable conditions; or using a DNA polymerase
together with a suitable primer sequence to add a
15 complementary strand. |
In addition, each gene can be obtianed by:
either DNA synthesis as described above; or preparing a
cDNA libfary in accordance with an ordinary method from a
vector containing the gene or-from a suitable origin in
20  which the gene 1s expressed, and selecting a desired clone
using suitable probe or antibody specific to the gene
(Proc. Natl. Acad. Sci. USA, 78, 6613 (1981); Science, 222,
778 (1983) etc).
fllustrated as the origin of c¢DNA in the above

25 are various kinds of cells and tissues where each gene is




-15- nmentioned probe. The nucl eoti de sequence may contain at Ieasﬂii§EP 2065
serial ‘bases, preferably 20 serial bases, nore preferably 30 serial bases,
and nost preferably 50 serial bases. Alternatively, a positive clone

contai ning said sequence itself nay be used as a probe. The DNA/ RNA
anplification by the PCR nethod (Science, 230, 1350 (1985)) can be
preferably enployed for obtaining a gene. Especially, when it is difficult
to obtain full length of cDNA fromthe library, RACE nethod (Rapid
anplification of cDNA ends; Journal of Experinental Medicine, 12(6), 35
(1994)), especially 5 -RACE nethod (MA. Frohman et al., Proc. Natl. Acad.

Sci. USA., 8exB98Bse1988))ureticcetar ke rmrelienakl e radapted twken e PCR
nmet hod i s adopted, the prinmer used may be designed based on the gene
sequence i nf dnmatiddtiand ssypEtrtwediored i ntacaDdr HEACE roit R hass coradingims,

met hod. The anplified DNA/RNA fragnent may be separated and purified in
accor dance wFehazatsdedi nany nethbiiastiescrébednkiioy e, prémaraxianpl ergel

el ectrophoresis. The sequences of the genes or various kinds of DNA
fragnents obfaPREBJabéveiRy REtet@rmi hedalh pecdordedcdn adrardaoradi nary
met hod, for exanple the dideoxy procedure (Proc. Natl. Acad. Sci. USA.,
74, 5463 ° (1977%) hd AHEDeEvaneEnBert MSCHBG TChBLRFdsaval Enelenl B8R 65,

499 (1980))’lggrg?igsegﬁéﬂyagséggAalfgggigoggbﬁjéﬁontech Lab. Inc. can

be used in this inﬁention. A method of screening the gene
from c¢DNA library is not limited and can be performed in
accordance with an ordinary method.

10 Specifically, a method of immunoscreening the
proteins produced by <¢DNA using specific antibodies
against the prqteins and selecting the corresponding cDNA
clone, plaque hybridization and colony hybridization with
the use of a probe selectively combined with a target DNA

| 15 sequence, a combination of these methods, etc. can be used.
As the probe used herein, a DNA chemically

- synthesized based on the information of the base sequence

of each gene can be generally used, but a gene already
obtained according to the invention or.a fragment thereof

20 can also be used satisfactorily. Sense primer or
antisense primer designed based on the base sequence
information of exogenous gene can be used asra probe for
screening.

A partial nucleotide sequence corresponding to

25 the DNA sequence of each gene is used as the above-



commerci al sequencing kit and the |ike. (b) Desired exogenous geneﬂm1aﬁﬂaﬂm5
constituents of the above-described DNA construct, the DNA used as (b)
exogenous gene may be either an exogenous DNA sequence derived froma
desired gene or an expressed protein which is a basis for inducing a
mutant. O the DNA used as exogenous gene may be synthesized. The length
of the exogenous gene used for the present production process for a nutant
may be generally 4Kb or less, preferably 3Kb or less, nore preferably
around 2Kb, but an exogenous DNA sequence5-having the I ength nore than 4Kb
can be al so used. The exogenous gene is not especially limted insofar as
it exhibits mebtbbogicpalrobeti virhe whefl ecxieessegueies AXAMRLALagHOWM
hormone (GH), insulin, interferon, erythropoietin, etc. can be
illustrated. lFastt Ao easiierl chesks ngpakfehebilyseld i sarddl exegenousmigene
into a genone of host cell, the DNA sequence of a gene to be used as a
so-cal | ed nePkefernaylve3li akedal obahesbNAnsequeric e eifetrdad lgb e (drial
exogenous gene. By using a part or the entire base sequences of thus

obt ai ned exog@fdtis géd eI iFedives sk oPOST Ldwegepbuse geneaandnygt sang ant
in an individual or various tissues can be detected with specificity. 0 7
SEP 2005 > 172 SRR Het vttt brilaPdei1tef ried qoRer accordance with an

ordinary method, for efﬁ%“”ﬁﬁA)ﬂﬂ%EﬂQ%Sf?ff@ﬁﬁygnbyby the PCR method
{(Science, 230, 1350 (1985)) can be preferably employed for
obtaining a gene. Especially, when it is difficult to
obtain full length of ¢DNA from the library, RACE method

10 (Rapid amplification of cDNA ends; Journal of Experimental
Medicine, 12(6), 35 (1994)), especially b5'-RACE method
(M.A. Frohman et al., Proc. Natl. Acad. Sci. USA., 8, 8998
(1988})), etc. can be preferably adopted.

When the PCR method is adopted, the primer used

15 may be designed based on the gene sequence information and
sypthesized in accordance with an ordinary method. The
amplified DNA/RNA fragment may be separated and purified
in aécordance with an ordinary method as described above,
for example gel electrophoresis.

20 The sequences of the genes or various kinds of
DNA  fragments obtained above may be determinéd in
accordance with an ordinary method, for example the
dideoxy procedure (Proc. Natl. Acad. Sci. USA., 74, 5463
{(19773) and = the Maxam-Gilbert Method {Methods in

25 Enzymology, 65, 499 (1980)), or more easily using a




RT- PCR (Reverse transcri bed-Pol ynerase chain _reaction; E. S Kavvasalg,? a;ﬁ-") 20065
al., Anplification of RNA. In PCR Protocol, A Quide to methods and
applications, Academ c Press, Inc., San D ego, 21-27 (1991)), Northern
Blotting analysis (Mlecular Coning, Cold Spring Harbor Lab. (1989)),
detection at cell-level using in situ RT-PCR (Nucl. Acids Res., 21,
3159-3166 (1993)) and in situ hybridization, NASBA nethod (Nucleic acid
sequence- based anplification, Nature, 350, 91-92 (1991)) and the other

vari ous nethod. The detection by RT-PCRiks preferably illustrated. The DNA
fragnent of the exogenous gene is provided in the formof a restriction
fragment cleaveflervibh scgubhabhg kestshgtin enzyme, that is (b) exogenous
gene of the DNA construct. (a) Pronoter Exanples of (a) pronoter used as a
constituent of the above-nentioned DNA construct include an inmunogl obulin
heavy chain varlable reglon pronDter (VH pronoter), a pronoter derived

- from SV40, af(bet Pes 1 _epoga game adenovi rus- pronoter, a

cyt omegal ovi rus pronDter a pronDter derived fromviruses such as pol yona
virus or hepatitis B vinu@haaqnnsﬂﬂtndnmmemﬁ pheneibeve-ale@cziBER 2005 - 18-
heat shock pronoter, a SRa pronoter, other pronoters effective for the
manmal i ar’ ceFPISBERCT VH HBronbiér | US@@e@'}Sfl dal | WW@H@JQS genenotay be

(Gllies, S.D,,, et al. Cel |, 33,715(1983): Banerji, et al., Cell, 33,
either an 'exogencus DNA sequence derived from a desired

gene or an expressed protein which is a basis for inducing
a mutant. Or the DNA used as exogenous dgene may be
synthesized. The Jength of the exogenous gene used for
10 the present production process for a mutant may be
generally 4Kb or less, preferably 3Kb or leSs, more
preferably around 2Kb, but an exogenous DNA sequence
having the length more than 4Kb can be alsc used.
The exogenous gene is not especially limited
15 insofar as it exhibits a Dbiological activity when
expressed. For example, growth hormone (GH)}, insulin,
interferon, erythropoietin, etc. can be illustrated.
For the easier checking of the insertion of
exogenous gene into a genome of host cell, the DNA
20  sequence of a gene to be used as a so-called marker may be
.linked to the DNA sequence of the above (b} exogenous gene.
By using a part or the entire base sequences of
thus obtained exogenous gene, the expression of exogenous
gene and its mutant in an individual or various tissues

25 can be detected with specificity.



729(1983)) are preferably used in this invention. The above pr on&%rgwﬁﬁ
i nclude,” for exanple, a pronoter that can induce a neonycin resistance
gene or a tetranmycin resistance gene. The above pronoters may be in the

| inked formof two or nore. These various DNA sequences of the above
pronotera are known and the information thereof is available. (c) Intron
enhancer An intron enhancer is a DNA sequence that can adjust the
transcription and contains the sequence of unexpressed region intervening
bet ween the exons of heavy chain JH gengyand Cp gene. Heavy chai n enhancer
(Cu enhancer) and kappa chai n enhancer (K enhancer) of i munogl obulin can.

be illustrated as (C) &B&KOBEBBANEET cahdbeDRAXYH LBORYE e_quseadco( 2! )
sensitive region A DNasel sensitive region is a region that nder goes

f ragment at i oniwnheant bed gt useBfio@n £l @tashrd9- Rl‘@?lalmﬁls.l.ﬂlrc%a:tl% wyth a
| ow concentration of DNasel. In the case of immunogl obulin heavy chain
gene, HS1, HB2;PCRISBheaads&Hdr art €c kitowdd- PdS3 b d dintih atfeaittiber; ef sHS3b
and HS4. This invention is characterized in that HS3b regi on and/ or HS4
regi on are/iBageathinedt 4h. a Anppkieredi sorenpddiNientIn HER ancdddsd1(t kese
are referred to as 3'E) in addition to HS3b and/or HS4 are incl uded.
IIIustraﬁ%d gyide3tPHEBlwdss and egpphteatnithout Acatleohc Press, Inc.,

San Piego, 21-27 (1991)), Northern Blotting analysis
{Molecular Cloning, Cold Spring Harbor Lab. (1989)),
detection at cell-level using in situ RT-PCR (Nucl. Acids
Res., 21, 3159-3166 (1993)) and in situ hybridization,

10 NASBA method (Nucleic acid sequence-based amplification,
Nature, 350, 91-92 (1991)) and the other various method.

The detection by RT-PCR is preferably illustrated. |

The DNA fragment of the exogenous gene 1is

provided in the form of a restriction fragment cleaved

15 with a suitable restriction enzyme, that is (b) exogenous

gene of the DNA construct.

Promoter
Examples of (a) promoter used as a constituent
20  of the above-mentiocned DNA construct include an
immunoglobulin_ heavy chain variable region promoter (Vg
promoter), a promoter derived from SV40, a retrovirus
promecter, an adenovirus promoter, a cytomegalovirus
promoter, a promoter derived from viruses such as polyoma

25 wvirus or hepatitis B virus, a metallothionein promoter, a



sequences, conprising Xbal fragment (4.0kb) from 3" enhancer di scﬂgsﬁpbgﬂﬁs
Li eberson, R et al. (EMBO. J., 14, 6229(1995)) and HS3 (1182bp) and HS4
(1381bp) from MP11 disclosed by Madisen, L. et al. (Genes Dev., 8, 2212
(1994)). Connection of each gene (preparation of DNA construct) The DNA
construct of the invention can be prepared for exanple by inserting each
of the above- described genes into a suitable expression vector in
accordance with an ordinary nmethod, for exanple by inserting each el enent
into a vector having suitable antibiotiLggresistance gene. Specifically,
the DNA construct can be constructed by inserting the pronoter, the
exogenous geneatrt hgnhbaikr Shhancer ,, t nsi i region.,.
(i ncludi ng DNA seqﬁgar)lgréso%ﬁ HS3b 'andal or HS4 g% Ditifgghec%{éps{%fy Urt teerrs
i ncl uding aneenbangee Ofdr SER20QRmmd-1 ¢OMPEL S| NYe3. B) . yhi %cﬁﬁcﬂ qut out
froma vector clone, a genomc DNA or a plasm d by anh optfona restriction
enzyme or sypthesizedlyi nt,07a2vest rassckf oncanimak, ced Iplinge having an
optional antibiotic resistance gene. Specifically, the insertion can ‘be
carried out Cehlaccarfarice(1sisEh :an Bageénpty nmet.hed using, a restrictipn
enzyne, .ligase etc. In the desired reconbi nant expression vector, an
intron erthandeéP (AR8348) 38 ERIS3hé fle vathbyn cesedrayn biehi < dnsitaritcitced in t he same
direction from5' end toward 3

The above promoters may include, for example, a

promoter that can induce a neomycin resistance gene or a
Cetramycin resistance gene.
'The above promoters may be in the linked form of
10, two or more.
These wvarious DNA sequences of the above
promotera are known and the information thereof is

available.

15 {c) Intron enhancer

An intron enhancer is a DNA sequence that can
adjust the transcription andj contains the sequence of
unexpressed region intervening between the exons of'heavy
chain JH gene and Cu gene. Heavy chain enhancer’ (Cp

20 enhancer) and kappa chain enhancer {x enhancer) of

immunoglobulin can be illustrated as (c) intron enhancer.

(d) Deoxyribonuclease I {(DNasel) sensitive region

A DNasel sensitive region is a region that

25 undergoes fragmentation when the nucleus of an isolated




end, in the sane direction from3' end toward 5 end, or in the ogp%sﬁﬁijem%
directions from5' end toward 3 end and from3' end toward 5 end. In the
above DNA construct, the interval between the pronoter and the 3' EHS3b/ 4
enhancer intervening an exogenous DNA may be 0.1Kb to 100Kb, preferably

1Kb to 10Kb, nore preferably 2Kb to 5Kb. An exanple of preferable
expression vector is retrovirus vector. Mre specifically, plND
(I'nvitrogen), pcDNA3.1/H s (Invitrogen), pEG-P-N, pEG-P-C (C ontech),

etc. can be illustrated. An exanple of the_DNA construct containing (a)
pronoter and (c) intron enhancer is an expression vector containing VH

pronot er andcelflr ars enhanesd @asenr & Nyt oL | pye s e&nd ers
(Azuma, T. et al., Int. O 7 SEP 2005 -21- | nﬁﬁﬁéfi‘?ﬁ&“s?% %f—e%o (1993)).

I't is preferabky wssd oforinmepsylidighitite PRAYGORHAWCt gehd) tﬁglgbqy@’
expression vector containing a pronoter and an intron enhancer, the

pronoter is HEGbi endnéi$45'arsi denawpst r e@BHoH tike 1RX0URIIOUS aR1Ie &F didy Y
i nduced, and the exogenous gene, an intron enhancer follow in this order.
Wien t he abowgdvdtifr f&hipr ebarémyidrheipr etentactBYA eansid uehaorHIiWi Ng
an exogenous gene is nodified to contain a pronoter, a cloning site for
the i nserti oAS8fiCHesidnsld SBxodébusregehe; oneedisnmorenealiarder nedessary for
preferable embodiment, HS1 and HS2 (these are referred to
as 3'E) in addition to HS3b and/or HS4 are included.
Illustrated as a 3'EHS3b/4 is a sequence without intron
sequences, comprising Xbal fragment (4.0kb) from 3’
10 enhancer disclosed by Lieberson, R. et al. (EMBO. J., 14,
6229(1995)) and HS3 (1182bp) and HS4 (1381bp) from MP11
disclosed by Madisen, L. et al. (Genes Dev., 8, 2212

(1994}).

15 Connection of each gene (preparation of DNA construct)

The DNA ’construct of the invention can be
prepared for example by inserting each of the above-
described genes into a suitable expression vector in
accordance with an ordinary method, for example by

20 inserting each element into a vector having suitable
antibiotic resistance gene. Specifically, the DNA
construct can be constructed by inserting the promoter,
the exogenous gene, the intron enhancer, the DNasel
sensitive region (including DNA sequences of HSéb and/or

25 HS4 and 1if necessary further including an enhancer




i nduci ng nutation (especially inmunogl obulin enhancer as well asﬂi% SrEP 2005
enhancer) and DNasel sensitive region, it 1is effective as a DNA construct
in a production process for an exogenous gene nmutant or in a kit for
produci ng an expression product of nutant gene. The present DNA construct
may be a circular DNA or a |inear DNA. The checking of whether the present
DNA construct is attained can be conducted by an ordinary nethod, for
exanpl e, by cleaving the construct with a restriction enzyne and
subjecting it to the electrophoresis, oynby conbining FOR Southern

hybridi zati on and sequencing, etc. 0 7 SEP 2005 -22- Production process

for mitant |Gofpromuction Pracess 408 8 exROeRRUS 0998r:obl Libnel hg DA

construct resulting fromthe above neth I's introduc stf tabl e

host cell togefsmic BNA homol Qe qgntarﬂ%ﬁtld%@”%%%ﬁ ttl%% Bastmgel |

i ncl ude eukaryotic organisns conprising cells of mammal i an, yeast; pl ant

and the |iker byhthasimédrelingoofa rawBbi ansane fyef grable. cePrefigrabl y
used as such cells are established cell lines to be transforned together

with a determeéwbmy drnaiptciarmalmeke itdiethdt atdsdstapice gfhective, COS cells
fromnmonkey (Cell, 23,175 (1981)), Chinese hanster oocyte, Hela cells,
5 Specifically, the insertion can be carried out
in accordance with an ordinary method using a reStriction
enzyme, ligase etc.
Ih the desired recombinant expressioﬁ vector, an
intron enhancer and a 3’EHS3b/4 enhancer may be
10 constructed in the same direction from %' end toward 3’
end, in the same direction from 3’ end toward 5’ end, or
in the opposite directions from 5’ end toward 3’ end and
from 3’ end toward 57 end.
In the above DNA construct, the interval between
15 the promoter and the 3'EHS3b/4 enhancer intervening an
exogenous DNA may be 0.1Kb to 100Kb, preferably 1Kb to
10Kb, more preferably 2Kb to 5Kb.
An example of preferable expression vector is
retrovirus vector. More specifically, pIND (Invitrogen),
20 pcDNA3.1/His (Invitrogen), pEGFP-N, pEGFP-C (Clontech),
etc. can be illustrated.
An example of the DNA construct containing (a)
promoter and (c) intron enhancer is an expression vector
containing Vy; promoter and intron enhancer according to

25 the present inventor and others (Azuma, T. et al., Int.




Ratl1 fibroblast, alinmentary canal epitheliumcells and its di hydtﬂo?o$E£ 62335
reduct ase defectives (Proc. Natl. Acad. Sci., USA’ 77: 4216 (1980)). In the
case of an established cell line, it is preferable to use but not Ilimted
to, for exanple T cell or B cell line animal cells, especially pre-B cel
line animal cells, nore specifically J558 cells and J558L cells. In the
case of yeast cells, yeast cells belonging to the genus Saccharomyces etc.

are used. In addition, cells fromaninmal |iving body can be also used as
host cells. As a result of introducing apjexogenous gene into the genome
of a host cell, a transformant transfornmed by the DNA construct of the

present invemiir@notagybe 5023 SER 2045 (?§99E}§'n§9;:é?“ﬁkéfgféﬁi t} 0Ly of
the present DNA construct into a cell can be carried out I n accordance

Wi th various foreplregarkngwohenDiihecanst ohict Nt roducing DNA into a cell, for
exanpl e, el ectroporation nethod, cal cium phosphate coprecipitation nethod,
| i posome net hod, DEAE dextthaae amsitodedpmssiijrectvieotoret BOHtaVhitg a
transduction, etc. The electroporation nmethod is preferably enpl oyed.
Exanpl es of Phemeékls tandahi gh t KetpresenniDNAceconsthect pgronotiroduced ar e
fertilised ovum enbryo, germ cells and the like. The introduction into
cel I's can’ bePOséitioPREdST nsadeorrahteami of Bheoepganyuseyénd. oMhtdey a

nutant is obtained or not can be
induced, and the excgenous gene, an intron enhancer follow

in this order.
When the above vector for preparing the present
DNA construct containing an exogenous gene is modified to
10 contain a promoter, a cloning site for the insertion of
desired exogenous gene, one or more enhancer necessary for
inducing mutation (especially immunoglobulin enhancer as
well as intron enhancer) and DNaseI senéitive region, it
is effective as a DNA construct in a prdduction process
15 for an exogenous gene mutant or in a kit for producing an
expression product of mutant gene.
The present DNA construct may be a circular DNA
or a linear DNA.
The checking of whether the present DNA
20 construct is attained can be conducted by an ordinary
method, for example, by cleaving the construct. with a
restriction enzyme and subjecting it to the
electrophoresis, or by combining PCR, Southern
hybridization and sequencing, etc.

25




checked by known nethod, e.g. by random sequence nethod or by deae-{'r T} 3@5
thé activity of the product expressed by an exogenous gene anhd sel ecting

t he one whose activity is different fromthat of the exogenous gene.
Alternatively, it can be selected based on the standard activity and its
degree, or on whether the activity is high or low The isolated formof the
cell itself containing a random nutated gene transforned with the object
exogenous DNA can be inproved peptides having a better function related to
human exogenous gene. Therefore, it cany,be utilized as a pharnaceuti cal

for inproving the state of disease and as a nodel systemfor the

t herapeutic 8v4q8EP; 20085245 StHGY - i esulting transformant can be
cultivated in accordance w an ordrnary nethod. As a result of the

cultivation, the objectnprOtfidh e iihe dryenld of, engaded i, utant, of

exogenous gene i s expressed and produced (accunul ated, secreted)

intracel | ul afliystextmacaiNal esist riit oRedhier £64 | reBAbEARe Yot Grethod
transformant. Various comon cultures can be appropriately selecte

dependi ng onisheiatiopdecediosimteel bs andrased frsst theiqul thvasheninand the
cultivation can be carried out under the suitable condition for the growth
of the host hewblogFhe recombimamt. protein of the invention thus obtained
can be separated and purified if desired, by
Examples of the host cell include eukaryotic
organisms‘comprising cells of mammalian, yeast, plant and
P the 1ike, but animal cells of mammalian are preferable.
Preferably used as such cells are established cell lines

10  to be transformed together with a determinant that can
make the mutation more effective, COS cells from monke?
(Cell, 23,175 (1981)), Chinese hamster oocyte, Hela cells,
RatIl fibroblast, alimentary canal epithelium cells and
its dihydrofolate reductase defectives (Proc. Natl. Acad.

15 Sci., USA. 77: 4216 (1980)). In the case of an
established cell line, it is preferable to use but not
limited to, for example T cell or B cell line animal cells,
especially pre-B éell line animal célls, more specifically
J558 cells and J5581, cells. In the case of yeast cells,

20 yeast cells belonging to the genus Saccharomyces etc. are
used. In addition, cells from animal living body can be
also used as host cells.

As a result of introducing an exogenous gene

into the genome of a host cell, a transformant transformed

25 by the DNA construct of the present invention can be



vari ous separation procedures utilizing physical or chem cal pr oy&? tSER 2805
the reconbi nant protein(Refer to e.g. Biochem stry Data Book ||
1175-1259, Edition 1, |Issue 1, published by Tokyo Kagaku Dojin (Jun 23,
1980); Biochem stry, 25(25), 8274 (1986); Eur. J. Biochem, 163, 313
(1987), etc). Specifically illustrated as the above procedure are common
reconstitution processing, processing by protein precipitant (salting out
nmet hod), centrifugal separation, osnotic shock nmethod, ultrasonication
ultrafiltration, nolecular sieve chromatggraphy (gel 0 7 SEP 2005 -25
filtration), adsorption chromatography, ion exchange chromatography,
affinity chrgﬂgggg@@phy, various liquid chromatographies such as high

per formance |i qui chromat ography (HPLC), dialysis, and a conbination

thereof. For exanple, affinisty Sl B%gnﬁ?h¥hg8%%%5%nﬁohg?¥i%ﬁﬁ%ﬁ%ﬁfﬁM th

anti bodi es specific to the protein of the invent P

preferable. Tht® thedinesent deCMNANto @XPHESSEON YEELOTidls X gased in
~an animal cell to give an exogenous DNA, resulting In random nut ant §

encoded by saiethbNA. kKherf rienuancyasf pandamvBuhbenhs Byat e e condimant
expression vector of the invention is at |east about 1 x 10-4 to about 1

x 10- 3 '/ bp/ géner atkampldhe @lasendpdrteiin Omephov, desadcpRdusid Hhatdy ocess
for a mutant conprising an eukaryote, especially
coprecipitation method, Iliposome method, DEAE dextran
method, microinjection method, virus transduction, etc.
{0 The electroporation method is preferably employed.
Examples of the cells to which the presenf DNA
10 construct is introduced are fertilised ovum, embryo, germ
cells and the like. The introduction into cells can be
performed in accordance with an ordinary method.
Whether a mutant is obtained or not can be
checked by known method, e.g. by random sequence method or
15 by determining the activity of the product expressed by an
exogenous gene and sélecting the one whose activity is
different from that of the exogenous gene. Alternatively,
it can be selected based on the standard activity and its
degree, or on whether the activity is high or low.
20 The isclated form of the cell itself containing'
a random mutated gene transformed with the object
exogenous DNA can be improved peptides having a better
function related to human exogenous gene. Therefore, it

can be utilized as a pharmaceutical for improving the

25 state of disease and as a model system for the therapeutic




an ani mal cell containing the above reconbinant vector having an §7 SEP 2005
insertable site of an exogenous DNA or an exogenous gene to achieve the
expression of an introduced DNA sequence or a gene nutant. According to

t he present production process for a nutant, a peptide having an
antimcrobial activity but wunavail abl e because of its toxicity to aninal
cells can be inproved to provide an antim crobial peptide having | ow
toxicity to animal cells and higher antimcrobial activity. Simlarly, it
is possible to nake an attenpt to inprovgsor 0 7 SEP 2005 -26- change the
functions of proteins such as naturally occurring interferon, growh
hormone and thaglike. Therefore, a useful method for devel oping

agrochem cals or™ inproving the function of pharmaceuticals or the |ike can

be provi ded. Nbreover,Tﬁ@erbBM@H&h?“tEéH&KSEﬁan@ khh B &1 dAkadeat iy
process of an exogenous gene nutant; or producing an expression product of

mut ant gene, acoopdastagwidhDh coOnSinatey Ravhhd.an pshsertabher shire @fe an
exogenous DNA or an exogenous gene. Specifically, the DNA construct

conpri ses: (ahlaiprbioter thebobdradxqpenaiis genethasaitiedit isnt &ncdded an
intron enhancer; and (d) an enhancer conprising HS3b and/or HS4, if
necessaryp by a mutant of exogenous gene is expressed and produced
(accumulated, secreted) intracellularly, extracellularly
or on the cell membrane of the transformant.
Various common cultures can be appropriately
selected depending on the adopted host cells and used for
16 the cultivation, and the cultivation can be carried out
under the suitable condition for the growth of the host
cell.
The recombinant protein of the invention thus
obtained can be separated and purified if desired, by
15 wvarious separation procedures utilizing physical or
chemical properties of the recombinant protein(Refer to
e.g. Biochemistry Data Book II, 1175-1259, Edition 1,
Issue 1, published by Tokyo Kagaku Dojin (Jun 23, 1980);
Biochemistry, 25(25), 8274 (1986); Eur. J. Biochem., 163,
20 313 (1987}, etc). |
Specifically illustrated as the above procedure
are common recénstitution processing, processing by
protein precipitant (salting out method), centrifugal

separation, osmotic shock method, ultrasonication,

25 ultrafiltration, molecular sieve chromatography (gel




further HS1 and HS2, in DNasel sensitive region. According to the %Zeggﬁtzg%
kit for-producing a mutant, an inproved antimcrobial peptide wth |ow
toxicity to animal cell and higher antimcrobial activity and protein
pharmaceuticals with inproved functions such as naturally occurring
interferon, gromh hornone and the |ike can be provided. BRI EF DESCRI PTI ON
OF THE DRAWNGS FI G 1A shows a schematic view of IgH nutant 0 7 SEP 2005
-27- transgene constructsused to generate chineric mce. In 'FIG 1B,

|l ocations and directions of prinmers used:to anplify the cDNA are shown by
arrows. FIG 2 indicates the production of anti-NP antibodi es producing

Flor 1 The TSagarrACIArs I TTANarEt oy aRabSaRr Ay 15008 cerriatdg

Fig. 1. The "supernatants o ec S

cul tivated fohrbaabsrWphe, SUBF£GLed, t QuFLLSA Jsing bl ages; coated wi th
y production. = 3A'S

NP9- BSA for estimating the antibod ows a " _
reconstituti ehrehaRAgraphieH0USSuchMMURE SYRLEAS DY ES,£RhAS.1 N EIIFE ! ©

mce A4-3, 2-1 and 2-3. Levels of nobuse IgMin pre-inmmune mce

measured by cBErbBAtugiraghp! aiescrpaedi w8, r atq antdouss 1 M ymnaed onal
anti body and POD-| abel ed goat anti-nouse IgM antibody. FIG 3B shows a

nmeasur enent &brl exehplef hiifanitygbhirompteqrapRe ©FihdMaINCo BERA BiShd
pl ates coated with
with antibodies specific to the protein of the invention
is particularly preferable.
Thus the present recombinant expression wvector
is expressed in an animal cell to give an exogenous DNA,

10  resulting in random muténts encoded by said DNA. The
frequency of random mutants by the recombinant expression
vector of the invention is at least about 1 x 107% to
about 1 x 107° /bp/generation.

The present invention provides a production

15 process for a mutant comprising an eukaryote, especially
an animal cell containing the above recombinant vectbr
having an insertable site of an exogenous DNA or an
exogenous gene to achieve the expression of an introduced
DNA sequence or a gene mutant.

20 According to the present production process for
a mutant, a peptide having an antimicrobial activity but
unavailable because of its foxicity to animal cells can be
improved to provide an antimicrobial peptide having low
toxicity to animal cells and higher antimicrobial activity.

25 Similarly, it is possible to make an attempt to improve or



nmouse anti-human |1 gM anti body and POD-| abel ed goat IgM anti body ﬂl?nﬁE’FéZU%

sera are referred as TD. Antisera from Bal b/c nouse and RAG 2"1- nous

were used as controls in A and a culture supernatant of J558L in addltlon

to these sera were used as controls in B. FIG 3C shows an anal ysis of

bi ndi ngs of anti-NP antibodies to plates coated with anti NP9-BSA

anti body. Bound anti bodi es were detected using POD- | abeled anti 0 7 SEP

2005 -28 nouse 1gG FIG 3D shows binding ratios of antisera from chineric
mce to plates coated with NP1-BSA or NP12-BSA. FIG 4 shows a specific
anplification of transgenes by RT-PCR ¢ prepared from nRNA of |gM

B220+ spleencﬁghhg f&gg\tq§m&ghg%rlco%lcénrqyug%ggg¥$%ég&ﬁar34_6§§%ﬁg§

anplified by P chinmeri ¢ m'ce gav

transgenes (b@@ﬁ§rin§)1fﬂ¥é f@%%ﬁL/Géﬂ%angg'dh8§ﬁ%ééa“8né) £h228L, 4 eI

transfectant (lane 8 non-t ransf (l'ane are al so sho
positive or pegatirveecont 18kSu1 FhGh5dShOWs e, &P garc?éh Séa{lfsblgf on
e construc

and frequency of somati c hypermutati on I n transgen rom

spl een | gM B2RB+oeehbs thA) randtRehi bENgalaBheekhisa16Bhr The disstd ibyfion
and frequency of somatic hypernutation in transgene constructs from two

chineric 5m be previHedn separately in A The scale at the bottom

Moreover, the invention provides: a kit for a
production process of an exogenous gene mutant; or
producing an expression product of mutant gene, comprising
a DNA construct having an insertable site of an exogenous

10 DNA or an exogenous gene. Specifically, the DNA construct
comprises:
(a) a promoter;
(b} an exogenous gene-insertion site;
(c} an intron enhancer; and

i5 {d) an enhancer comprising HS3b and/or HS4, if necessary
further HS1 and HS2, in DNasel sensitive region.

According to the present kit for producing a
mutant, an improved antimicrobial peptide with low
tdxicity to animal cell and higher antimicrobial activity

20 and protein pharmaceuticals with improved functions such
as naturally occurring interferon, growth hormone and the

like can be provided.

BRIEF DESCRIPTION OF THE DRAWINGS

25 FIG. 1A shows a schematic view of IgH mutant




i ndi cates the am no acid position nunbered according to
Kabat et al.
below to illustrate the present invention in further detail, but they are
not intended to limt the scope of the invention. 0 7 SEP 2005 -29 Exanple

t he met hodﬂgf SEP 2_["]5

BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON Exanpl es are given

1 1) Construction of IgH transgenes H-chain of Ig (IgH) carrying human
with different 3" flanking regions were constructed. Acquisition of

fragnent contai ning VH pronoter and fragnment containing Eu/ MAR A fragnent -

contai ning VH17.2.25 pronmoter (0.55kb: SEQ No.14) with restriction enzymes

Kpnl and Apal sites and anot her fragneﬁ%7éontaining Ep/ MAR (1kb) with

restriction
construct [p

nzynmes Xhol and Sall sites were cloned by PCR fromthe
fﬁ@ ACRAVFRGS ERT O BnpRe N @ ettt Chimgidiemise -( CAT) ge

Cp

ne

controlled by V. pronmoter._derived fromVHL7.2.25 gnd by intron enhancer
Fifx 4F :

(J-Cintron

enhancer/ ta t adRrelht P8P

bet trLGhi I Xhol .sit f pBl uescript SK(+)]
whi ch the. preeent PnTRREEF? PESRE SR ruBa Y GieGaiterati n caAT

transgenic mce (Azunepd., st fﬁdi?é{#]se L@gjpglp%ﬁﬁjlﬁzfl- #glquﬁ_

Acqui sition of VH D-JH gene fragnen

(2. 0kb)

5

10

15

20

25

nge ge
antibodies producing human Cp from J558L cells transfected

with the IgH mutant genes shown in Fig. 1. The
supernatants of transfected J558L cells (1><106 cells/ml)
culfivated for 12 hrs were subjected to ELISA using plates
coated with NPy-BSA for estimating the antibody production.

FIG. 3A shows a reconstitution of RAG-27" mouse
immune systems by ES cells in chimeric mice A4-3, 2-1 and

2-3. Levels of mouse IgM in pre-immune mice were measured

by ELISA using plates coated with rat anti-mouse IgM

monoclonal antibody and POD-labeled goat anti-mouse IgM
antiboedy.

FIG. 3B shows a measurement of levels of human
IgM in preihmune or immune sera using plates‘coated with
mduse anti-human IgM antibody and POD-labeled goat IgM
antibody. Immune sera are referred as TD.

Antisera from Balb/c mouse and RAG-27/" mouse
were used as controls in A, and a culture supernatant of
J558L in addition to these sera were used as controls in B.

FIG. 3C shows an analysis of bindings of anti-NP
antibodies to plates coated with anti NP,-BSA antibody.

Bound antibodies were detected using POD-labeled anti-

GFEEVOREe Tt PTIEFMAR) )

3)).

ment



containing restriction enzynes Apal and Xhol sites was also clonefl pySERCR0G2
using a genomc DNA from A6, a 0 7 SEP 2005 -30- hybridoma producing -anti -
(4- hydroxy- 3-ni trophenyl) acetyl nonoclonal antibody (hereafter referred
to as anti-NP nonoclonal antibody) that is obtained from C57BL/ 6 ‘
nmouse( Tokyo Animal Center) (Taketani, M, et al., MIl. Imunity, 32,
983(1995) : Furukawa, k., et al., Immunity, 11, 329 (1999)). These were
cloned into Bluescript Il SK (from Stratagene) in order of VH pronoter,

VH D-JH gene and Eu/MAR.  Acquisition o% human Cu gene A 6.9 kb Xbal
fragment of human Cu gene was obtained Fom a phage clone, CH H. Igu-24

( Takahashi , HouSeeE 8' ., Nucleic Acids Res., 8, 5983 (1980); Health Science
Research Resources %ahk). Acqui sition of 3" enhancer A plasm d (Lieberson,

R, et al., EMBQ J, 6229( 1995 taining Xbal fragnent (4.0kb) of 3'
enhaﬁcef1 (hereafter ab ?%\'/i a%??)fa 9’%%‘2%' E?LH&/SIESIO iHréd cF#o r%\l§.eg:9. b%) )i s and
F. Alt (Ha Lcal t.aj ni HS3bh (1.
i cat ed ascAER Ko 1 Gad PRt AiES TR bd s PaRO Ro LA 41 oned by
PCR wusing priners indigatedjas SEQNo. 3 t%ch%gCgeg%glﬁf%tgggm a.B cell

| ynphoma, MPC11 (Madi sen, L.and G oudine,

5 transgenes by RT-PCR. CDNA prepared from mRNA of IgM-
B220" spleen cells from the chimeric mice immunized with
NP;,—CGG was amplified by PCR. Only chimeric mice gave
bands corresponding to the transgenes (lanes 1-6), and
C57BL/6 mice did not (lane 7). J558L cell transfectant

10 (lane 8) and non-transfectant {(lane 9) are also shown as
positive or negative controls.

FIG._5 shows a comparison of distribution and
frequencylof somatic hypermutaﬁion in transgene constructs
from spleen IgM-B220" cells (A) and peritoneal Bl célls

15 (B).

The distribution and frequencf of somatic
hypermutation in transgene constructs from two chimeric
mice are shown separately in A. The scale at the bottom
indicates the amino acid position numbered according to

20 the method of Kabat et al.

BEST MODE FOR CARRYING QUT THE INVENTIGN

Examples are given below to illustrate the
present invention in further detail, but they are not

25 intended to limit the scope of the invention.




0 7 SEP 2005 -31- Genes Dev.8,2212(1994)). In each priner sequenc8 ? SEP 2009
recognition site for Spel or Xbal restriction enzyne is underlined. SEQ
NO. 3: HS3-S: 5'- TCTAGAACCACATGCGATCTAAGGGATATTGGEEG 3"  SEQ NO. 4: HS3-anti
Spel : 5' - CAGGACTAGTGATCATTGAGCTCCGCCTCT  AAC-3' SEQ NO. 5: HS4-S Xbal :

5' - CTAGTCTAGACTGCAGACTCACTGITCACCATG -3' SEQ NO. 6: HS4-anti Spel:

5' - GTGGACTAGTAACCTTGGAGI TAGGTGEGT  AGG 3" These fragnents were |inked to
the 3' end of 31E, in order of HS3b and HS4. 3'E, HS3b and HS4 were |inked
in tandem w thout any intervening Ig intrgn sequences inserted. Using each
fragment above, three kinds of - constructs pvehcdel ta3' E (12kbp), pvehc3' E
(16kbp) and pvehc3' EHS3b/ 4 (19kbp) were obtai ned by neans of gene

reconbi nati on technique. 2) Structural features of transgenes The transgene
constructs o%%g&ﬁfg in this invention contain V region encoded by nouse
VH186. 2, a ant” VH involved in the response to (4-hydroxy- 3-

it h I t I t al., Cell, 24,625(1981
ni 7fggpe%oéﬂ?eéé!ﬁs‘c‘?&é@ﬂén@? Ty éraﬁsgrerl\és et a (1981))

H-chain of Ig (IgH) carrying human Cun with

5 different 3' flanking regions were constructed.

Acquisition of fragment _ containing V, promoter and

ra t contginin MA

A fragment containing  V417.2.25  promoter

i0 (0.55kb: SEQ.No.14) with restriction enzymes KpnI and Apal
sites and another fragment containing Eu/MAR (1kb) with
restriction enzymes XhoI and Sall sites wére cloned by PCR
from the construct [plasmid having chloramphenicol acetyl
transferase (CAT) gene controlled by Vy promoter derived

15 from V4l7.2.25 and by intron enhancer (J-C intron
enhancer/ matrix attachment region (abbreviated to
Epn/MAR)) between restriction enzymes XbaIl and XhoI sites

of pBluescript SK(+)], which the present. inwventor
previously prepared for generating CAT transgenic mice

20 (Azuma, T., et al., Int. Immunology, 5(2) 121-130 (1993)).

Acquisition of V.-D-J, gene fragment
The rearranged Vu-D-J; gene fragment (2.0kb)
containing restriction enzymes BApal and Xhol sites was

25 also cloned by PCR wusing a genomic DNA from A6, a




-32- The npuse VH186. 2-DFL16. 1-JH2 gene rearranged from A6, a hybr{} Fo§BP 2005
pr-oduci ng nonocl onal anti body agai nst (4-hydrdxy-3-nitrophenyl)acetyl i
(Taketani, M, et al., M. Imunity, 32, 983 (1995): Furukawa, k., et

al., Imunity, 11, 329(1999)), was linked to human Cp, thereby

facilitating a discrimnation between encoded transgene and endogenous
nmouse H I n addition, as the expression of transgenes on B cell surface

m ght change t he devel opnent of the B cell, transnmenbrane exon was renoved
fromCp to prevent the expression of tragggenes on the cell surface. The
transgenes contai ned only Cu but not gene regions encoding other H chain

i sotypes. Alhybhi&emki ngs,QficiLansggpe. ?Qpﬁ%é%?%%gggﬁﬂgﬁﬂl&n\ﬁ&%rc%gm er and

Ep/ MAR from nouse J-Cp Tntron as cis- actin nt's é(nl used -

for CAT trangsgenelosfNStIACih (A& ther eletl Bty o mangl s fppl2l
(1993)). Therefore, di fferenccg{syi n theastretfctuSe g?:et he Otrans%@%&s%mpére

restricted tmohbeldhall ankitAgol@gi OrhatFi Gid) . oPRgiAEqt N EANS UGS¢
pvehcdel ta3' E, | acked 3' enhancer region and was driven by VH pronoter and

Ep/ MAR.  Anahbese (Dokys UninyehcrEergqQmaaictedi3’ anhanger a1 Li ebgpson,
R,et al., EMBO J.,14,6229(1995)) in addition to VH pronoter and Ep/ MAR
The restri ct lonuehzyne3Banth 3 0179 SEF200&wB3:., et al., Immunity, 11,

329 (1899)).

| These were cloned into Bluescript II SK (from
Stratagene) in order of Vy promoter, V,-D-J; gene and
Eu/MAR.
10

Acguisition of human Cu gene

A 6.9 kb Xbal fragment of human Cp gene was
obtained from a phage clone, CH.H.Igu-24 (Takahashi, N.,
et al., Nucleic Acids Res., 8, 5983 (1980); Health Science

15 Research Resources Bank).

Acquisition of 3’ enhancer

A plasmid (Lieberson, R., et al., EMBO. J,
14,6229(1995)) containing Xbal fragment (4.0kb) of 3’-

20 enhancer (hereafter abbreviated to 3'E) was obtained from
Drs. J. Manis and F. Alt (Harvard Medical School).
Fragments containing HS3b (I{Zkb) indicated as SEQ No.l

and HS4 (1.4kb) indicated as SEQ No.2 were cloned by PCR
using primers indicated as SEQ No.3 to 6 and genomic DNA

25 from a B cell lymphoma, MPCll (Madisen, L.and Groudine, M.,




fragnent (4.0kb) containing 3 enhancer (3'E) was used for the ge&g SEP 2008

construction. The addition of HS3b and HS4 to pvehc3' E gave rise to a

construct referred to as pvehc3' EHS3b/ 4. Endogenous | gH genes contai ned an

additional cis-acting element, referred to as HS3a (Matthias, P. and

Baltinmore, D., Mol. Cell Biol., 13, 1547 (1993)), which has an identical

nucl eoti de sequences to those of HS3b but was in an inverted form

(Arul anpalam V. et al., Imunol. Today, 18, 549(1997)). The transgene

constructs of the present invention did not contain this cis-acting

el ement. Exanple 2 1) Transfection of Iﬁﬁlﬁutant genes (Lundblad, A et al.
into J558L cells and anti body

| mmunochem stry 9, 535-54 972).)

producti on Tgeég?iniFg”%hézﬁ%éﬂ§§ i pti onal lfact BoFhy S IMEReseSqItigwe,
constructs, th nstructs were tranfected _.into_a pouse, pl asmacytoma cel
e, 355l corPERiEiRHaFisEy T GBRG. Conotiii: Serhahts i HAPRGTES 15
restriction ,.epzy tl recognition site were subjected to
electroporatatlonﬂ%ga agaw, B.G et al. 1986, J.lmunol., 137; 1066-1074)

- into J558L cgkhsyboget igs_wui thi ap ] Aé?%é%éﬁﬁciﬁﬁ Q@ﬁ% igan, R C
& Berg P. Science 209; 1422-1427 I%%%% . Specitic condi |§ﬁ1()dqﬁ¥§ 0 7 SEP
2005 - 34-5 el gebr AROL atHOR-4$t AsHOt | Oy cASdUIBt AT NGRS GdBI@ RAD

| abor at ori es)

AAC-3!
SEQ NO.5: HS4-S Xbal: 5'*-CTAGTCTAQ&ACTGCAGACTCACTGTTCACCATG
...3 1
SEQ NO.6: HS4-anti Spel: 5'-GTGGACTAGTAAGCTTGGAGTTAGGTGGGT
10 AGG-3
These fragments were linked to the 3' end of 3'E,
in order of HS3b and HS4. 3’'E, HS3b and HS4 were linked
in tandem without any intervening Ig intron sequences
inserted.
15 Using each fragment above, three kinds of
constructs pvehcA3’E {12kbp) ., pvehc3'E {1lokbp) and
pvehc3’EHS3b/4 (19kbp) were obtained by means of gene

recombination technique.

20 2) Structural features of transgeﬁes
The transgene constructs obtained din this
invention contain V region encoded by mouse V,186.2, a
dominant VVH involved din the response to (4-hydroxy-3-
nitrophenyl)acetyl haptens (Bothwell, A.L.M., et al., Cell,

25 24,625(1981)).



Conditions: Buffer: PBS Cells: J558L 2X107 cells/m .in 0.5 mi PBS 07 SEP 2005
Li neari zed DNA: |IgH transgene (1 0Opg) and pSV2-gpt (1.6pg) Reaction- _
condi tion: capacitance (960pF), voltage (350V) The transfected cells were
cultivated at 37C in the presence of CO2 (5% and a m xture of

hypoxant hi ne, xant hi ne and nycophenolic acid (Sigma). Limting dilution

of transformants of a drug resistant |IgH gene was carried out, and clones
were sel ected based on anti body production. Specifically, the production of
anti-NP chinmeric antibody was neasur ed_Jéw _ELISA (FIG 2). For the
gquantitative analysis of antibody produCtion, some clones of transformnt

bot Lomed 6. hol & i at el W LI 4PN 160 Cler B CPob a¥ovol S “FOOBRIoRGsul
e sk, b ol Sy L S e g,

concentration of 2 X 106 e uresuper natan Ut
bovi ne. ser ameal b o (ESA) vae halyesa 0 7 CERSR0E 35, 6 ERrea'ding a
pol yvi nyl pl aimeusoeyed @zt h NBR93 BSA19dRar.oxi gaser{ROD) - habel edy antj;- nouse
Al chain antibody (Southern Biotech) or anti-human p chai'n anfi boo][y'
(ZYMED) 5 Immunity,11,329(1999)), was 1linked to human Cn, thereby
facilitating a discrimination between encoded transgene
and endogenous mouse H.
In addition, as the expression of transgenes on
B cell surface might change the development of the B cell,
10 transmembrane exon was removed from Cp to prevent the
expression of transgenes on the cell surface. The
transgenes contained only Cp but not gene regions encoding
other H chain isotypes.
All three kinds of transgene construct contained
15 V4 promoter and Ep/MAR from mouse J-Cp intron as cis-
acting elements, which had been used for CAT transgéne
construction (Azuma, T., et al., Int. Imﬁunol., 5,121
{1993)). Therefore, differences in the structure of the
transgenes were restricted to the 3' flanking region
20  (Fig.1).
Cne of the constructs, pvehcA3'E, lacked 3
enhancer region and was driven by Vy promoter and Ep/MAR.
Another construct, pvehc3'E, contained 3! enhancer

(Lieberson, R.,et al., EMBO. J.,14,6229(1995}) in addition

25 to Vy promoter and Eu/MAR. The restriction enzyme BamHI




was used for detecting bound antibodies. The result is shown in Fﬂ&.3£P 2005
Transgene constructs were designed to encode chineric H chains, possessing
the VH region froma nouse anti-NP nonoclonal antibody and the C region
fromhuman Ig, which were expected to assenble with nmouse Al chains and
give rise to anti-NP chineric anti body. Al constructs were actively
transfected in J558L cells and produced anti-NP anti bodi es by pairing

wi t h endogenous Al-chains. Anpbng these constructs, pvehcA3'E showed.

rat her weaker production conpared with the others. The addition of 3'E
(pvehc3' E) resulted in a significant inéfease in antibody production,
however, further addition of HS3b and HS4 seenmed to have no effect on
anti body prodtig®PehRt AftHbbhhcrniainingfdl nerhancems (3'dvaivamlwsecbieer ni ng
t he dependen%ﬁ of transcruption on the copy nunber of each transfected DNA
the i nvent or “"8sJGMEd TR T WountTe adfibday moditth oand eHBActied t he
transcriptionglhagt'vité of the constructs, which did not differ
significantly berwesn F¢&fc3 BS8nd “Ppvehc3CRABSEPEL gefesepd20ps - 36
Exanple 3 1) 9?98§aﬁﬁ§§b9£ chinmeric mce To generate chineric mce, the

pr esent i nveRt of )

5 Endogenous IgH genes contained an additional
cis~acting element, referred to as HS3a (Matthias, P. and

Baltimore, D., Mol. Cell Biol., 13, 1547 (1993)), which

[ has an identical nucleotide sequences to those of HS3b but
was in an inverted form (Arulampalam, V. et al., Immunol.

10 Today, 18, 549(1997)). The transgene constructs of the

present invention did not contain this cis-acting element.

Example 2
1) Transfection of IgH mutant genes (Lundblad, A. et al.
15 Immunochemistry 9, 535-544 (1972)) into J558L cells and
antibody productioﬁ
To estimate the transcriptional activity of
these three constructs, the constructs were tranfected
into a mouse plasmacytoma cell line, J558L cells.
20  Linearized IgH gene constructs (10pg) having a restriction
enzyme NotI recognition site were subjected to
electroporatation (Sahagaw, B.G. et al. 1986, J.Immunol.,
137; 1066-1074) into J558L cells together with a plasmid
pSVZ-gpt (1.6pg) (Mulligan, R.C. & Berg P. Science 209;

25 1422-1427 (1880} ). Specific condition of the




enpl oyed at |east two independent transfected ES clones for thefJ7 SEP 2005
m croi njection into RAG 2-1- nouse bl astocysts. The inventor al so used at

| east two chineric mce/ transgene constructs for the analysis of somatic
hypermut ati on. The transfected ES cell lines and the chineric mce used in
this experiment are shown in Table 1. The EcoRl fragnent of pGKneo (1.5kb,
lug) and the three kinds of linear-chain IgH transgene constructs (30ugQ)
in the sane manner as in Exanple 2 were electroporated into 1x107 of E14-1
cells (Kuhn, R et al., Science, 254, zgé (1991)) using a Bio-Rad Gene

Pul ser. The transfected cells were then selected with G418 (150pg/m ,

G bco). The lected col onies were reened by: PCR using two priners

i ndi cat ed as%§E§§RBP9ra%h%n81?H%ﬁ %%ﬁﬁ%%shybridized to DNA sequences

| ocated in &Hgt¥%ﬁgng'2ée£éoﬁgi§grEW%ﬁ&lg§gg .é§%gg¥?gg)blotting usi ng

human Cp gene as a probe; réspectiive

5' - GACTCAGCGASGAGTETAGIT- 3" SEQ No. 8: 5' - GGTGTCCCTAGTCCTTCATG 3' PCR
anplification was performed for 30 cycles of 95C for 30 sec, 65C for 30
sec and 72C for 1 gifredhepggopy nunber of integrated pvehc3' E was
calculated to be 2 0 7 SEP 2005 -37- to 3 by Southern blotting. The copy

nunbers of other ¢d&pnsgenessipveRed3’ Eand pre 3(').554%@@/@@“9 esti mated by
t he PCR anal ysis using DNA from pvehc3' E-transtected
Linearized DNA: IgH transgene (10ug) and pSVZ2-gpt .
(1.6ng)
Reaction condition: capacitance (960uF), voltage
(350V)
10 The transfected cells were cultivated at 37°C in
‘the presence of CO, (5%) and a mixture of hypoxanthine,
xanthine and mycophenolic acid (Sigma). Limiting dilution
of transformants of a drug.resistant IgH gene was carried
out, and clones were selected based on antibody production.
15 Specifically, the production of anti"N? chimeric antibody
was measured by ELISA (FIG.2).

For the quantitative analysis of antibody
production, some clones of transformant induced from each
transgene construct were cultivated for 12 hrs in a flat-

20 bottomed 96-hole plate with RPMI1640 medium (total volume:
200pl; Nissui Pharmaceutical Co., Ltd.) containing 10%
fetal bovine serum (FCS), at the concentration of 2><_106
cells/ml. The culture supernatant diluted to various

concentration wlith phosphate buffer saline {PB3)

25 containing 1mg/ml bovine serum albumin (BSA) was analyzed




cells as a standard. 2) Antibody production by chinmeric mce ES le SEP 2005
clones containing the IgH transgene were injected into blastocysts from
RAG 2-1- mce (Takahashi, N. et al., Nucleic Acids Res., 8, 5983(1980))
and transplanted into uteri of ICR foster nothers (8 to 12 week old, CLEA
Japan Inc.). Conplenentarity of the immune systemby B cells and T cells
originated fromES cells in chineric mce was tested by flow cytonetry
after staining the cells with PE anti-CD3 anti body or biotin anti- |

B220/ SA- FI TC. POD-| abel ed sheep anti -rmugﬁ p-chai n anti body was used for
the detection of bound antibodi es. For ~&dnal yzing antibodi es havi ng human

Cp, plates re d wth sheep anti-human | gM antibody (Southern
Bi ot ech) an\(lj\% CD]'S? | éF B i 2h VM roRdéF6nafoaked baty Z¥RED SAvas

o o e PG O (A DU e e, Super LA of SR
e R R T
pvehcA3' E3- 89533uded- 8813defe PV ERG 3 ENRa Osilido & Ss .

5 The result is shown in FIG. 2.

Transgene conétructs were designed to encode
chimeric H-chains, possessing the Vy region from a mouse
anti-NP monoclonal antibody and the C region from human Iqg,
which were expected to assemble with mouse A; chains and

10 give rise to anti-NP chimeric antibody.

All constructs were actively transfected in
J558L cells and produced anti-NP antibodies by  pairing
with  endogenous A,-chains. Among  these constructs,
pvehcAB'E-showed_rather'weaker production compared with

15 the others. The addition of 3'E (pvehc3'E) resulted in a
significant increase 1in antibody production, however,
further addition of HS3b and HS4 seemed to have no effect
on antibody produétion. Although little informatioﬁ was
available concerning the dependence of transcription on

20 the copy number of each transfected DNA, the inventor
assumed that the amount of antibody production reflected
the transcripticnal activity of the constructs, which did
not differ significantly between pvehc3'E and
pvehc3'EHS3b/4.

25




A- 4<3A4- 3 pvehc3' EHS3b/ 425- 2- 5<32-1 25-2-2<32-3 A backcross with &37§E?6aM5
nouse was carri‘ed out to exam ne the germnal transm ssion of the,
transgene, and the DNA was extracted fromthe tail of the resulting nouse
to anal yze the generation of chineric nouse based on whether the transgene
was contained or not. 3) Immune and antibody production In order to exam ne
whet her the inmmune system was reconstituted with the |ynphocytes derived
fromES cells, the anbunts of IgMin the pre-inmmne sera of chineric nmce
A4-3, 2-1, and 2-3 were neasured by ELIS 6_The result is shown in FIG._3A.
Irrespective of the kind of transgene, detected anpunts of nmpuse IgMin
all the seragirppyihgse mce were simlar, but smaller than that in a

nor mal BALB/ c nouse. Next, NP34-chicken y globulin (NP34-CG5 and NP- BSA

havi ng a diffier gaheNR:yY8hu ol in the sane manner as in Azuma
et alg (Azuna?T. e? aF_?hN§F2§§§m|nn§§ﬁf_? 24, 287(1987)). CFA (conplete

Freund' s adjuvant: Difeg, o8nérSEP 20893632 %QQEQ’H@%ﬁ&%& HH DL o r

(4- hydroxy-3-ni trophenyl)acetyl chicken y globulin (hereafter referred to

as NP34- CGG) empsogddi nitst e&gdl t @wbhel el gBden i €fandpd-the game. pipunt of
addi tional inmmune was adm nistered using | FA (inconplete
> for the microinjection into RAG-27" mouse blastocysts.
The inventor also wused at ieast two chimeric mice/
transgene constructs for the analysis of somatic

¢ hypermutation. The transfected ES cell lines and the

chimeric mice used in this experiment are shown in Table 1.

10 The EcoRI fragment of pGKneo (1.5kb, Ipg) and

the three kinds of linear~chain IgH transgene constructs

{301qg) in the same manner as in Example 2 were
electroporated into 1X107 of El4-1 cells (Kuhn, R. et al.,

Science, 254, 707 (1991)) using a Bio-Rad Gene Pulser.

15 The transfected cells were then selected with
G418 (150pg/ml, Gibco). The selected colonies were
screened by: PCR using two primers indicated as-SEQ.No;7
and 8 that can be hybridized to DNA sequences located in
the WV,17.2.25 promoter and J,2; and Southern blotting

20 using human Cp gene as a probe, respectively.

SEQ.No.7: 5 ' ~GACTCAGGAGGACTCTAGTT-3"
.SEQ.NO.S: 5"-GGTGTCCCTAGTCCTTCATG-3"
PCR amplification was performed for 30 cycles of

95°C for 30 sec, 65°C for 30 sec and 72°C for 1 min. The

25 copy number of integrated pvehc3'E was calculated to be 2




Freund's adjuvant). Three days after final administration of PBS{i/hSERIPIE
NP34- CGG, antisera were collected fromthe i nmunized mce. The mce were
then sacrificed and tissue sanples were obtained. Plates coated with

NP1- BSA or NP16-BSA were used for neasuring the production of anti-NP

anti bodies and the affinity maturation of these antibodi es. POD-I| abel ed
sheep anti-nouse 1gG (ZYMED) was used for detecting the antibodies.
Anti - NP nonocl onal antibody, F8, was used as a control for an i muature

anti body, and C6 as a control for a natgred nonocl onal anti body (Taketani,
M et al., Ml. Imunol., 32, 983(1995)>/ Furukawa, K., et al., |munty,

11, 329(1999)).., The result is own.in FIG 3B. The anti body expressing
human Cu encgéedgbgyt (mﬁ#ﬁﬁgbeﬁggtFﬁnghe ptRe CRRUNSWIPSYHuRE Hiftheser a

pr oduci ng. antT = RBIABEECPRaE ANt BBdy o (I AL ard Tpresr P HAGHES. by
Bt bodi o5 oxuressas 09 LER 255 da0mhufa ol RSveFer SBaRE b Re e
synt hesi zed kBtinacgkl 4l aranhkfehai n having human Cp. The result suggests
that the transgenes were transcribed and translated in the B cells of
chinmeric 3n ce.

2) Antibody production by chimeric mice

ES cell clones containing the IgH transgene were
injected into blastocysts from RAG-27" mice (Takahashi, N.
et al., Nucleic Acids Res., 8, 5983 (1980})) and

10 transplanted into uteri of ICR foster mothers (8 to 12
week old, CLEA Japan Inc.). Complementarity of the immune
system by B cells and T cells originated from ES cells in
chimeric mice was tested by flow cytometry after staining
the cells with PE anti-Cb3 antibody or biotin anti-

15 B220/SA-FITC.

POD-labeled sheep anti-mouse p-chain antibody
was used for the detection of bound antibodies. For
analyzing antibodies having human Cp, plates were coated
with sheep anti-human IgM antibody {Southern Biotech) and

20 POD-labeled anti~human IéM monoclonal antibody (ZYMED) was
used for detecting bound antibodies. The culture
supernatant of J558L transformant, human Waldenstrom IgM,
and anti-NP IgM monoclonal antibody B4-3 were used as

control antibodies.

25 Table 1. Used ES cells and chimeric mice



However, the secreted H-chain products level was |ower than the dpifeSEBLIIES
| evel . Next, antibody reaction of chinmeric mce against TD antigen

NP34- CGG was exam ned by ELISA. The result is shown in FIG 3C The

anti body val ue changed, but all the m ce produced anti-1gG anti bodi es
indicating that the 1imune systens respond to the anti-NP anti body
production. Furthernore, the binding ratio of these antibodi es to NP1l-BSA,
which relates to the binding to NP16-BSA was exam ned as the measurenent
of affinity maturation. The result is §§Q\_/_vn in FIG 3D. As shown in FIG
3D, a control nonoclonal antibody F8 showed no somatic hypernutati on and
had an associ atbosteanst ant} (&&)1 ofldh& 1084D Wb DNP-[CaRiméP: fdied ati o
was 0.29. On the,of hars-Rand,} wel T3 @d Ured [ionoclanal —anti body ;0§ travimy 2 x

107/ M of Ka|(Furukawa, K T al .%_égrrruni ry, 11.3329(1999)) h§q4t fe—afi o
of around 1 /-\irpgvé}'{&,:iﬁra fruuw&.(ijn re—m-ce sh%wed SH-af .1a+ins t-o
that of C6, |therefore the affnty—haturation—of—anti-NP @,&Q_batﬁée,s_
advanced t olth mlar—extant in2all chineric <Rice aflter i i zed wi t h

NP34- CGG. 0| F&H D et 3t Exanpt e 25 d oni ng _and Sequdncing 8fF1V. Geng
Al t hough the.immine system was regofrstitutied i n<3the chimeric2mBuse, i{ was
rather difficult to obtain sufficient anmount of PNAhilgGtB cells, which
are popul ar as germnal center cells derived froma single chineric nouse.

A backcross with C57BL/6 mouse was carried out

to examine the germinal transmission of the transgene, and
the DNA was extracted from the tail of the resulting mouse
5 to analyze the generation of chimeric mouse based on

whether the transgene was contained or not.

3) Immune and antibody producfion
In order to examine whether tﬁe immune system
10 was reconstituted with the lymphocytes derived from ES
cells, the amounts of IgM in the pfeuimmune sera of
chimeric mice A4-3, 2-1, and 2-3 were measured by ELISA.
The result is shown in FIG. 3A. Irrespective of
the kind of transgene, detected amounts of mouse IgM in
15 all the sera from these mice were similar, but smaller
than that in a normal BALB/c mouse. |
Next, NPy,-chicken vy globulin (NP,,-CGG) and NP-
BSA having a different NP value were prepared in the same
manner as in Azuma et al. {Azuma,T. et al., Molec.
20  Immunol., 24, 287(1987)).

CFA (complete Freund's adjuvant: Difco,




Accordingly, after imunization with NP34-CGG spleen | gM B220+ &?I%‘;P 2005
whicch are expected to select isotype- switching menory B cells, XX were
sorted by flow cytonmetory using a FACS Vantage. The single-cell suspension
fromspleen of chineric mce imunized with NP34-CGG were treated with

0. 83% of ammoni um chloride to induce henolysis. In sonme experinents, T

cells were also treated with anti-Thyl antibody (T24/40 and H013.4) to

induce henolysis, and then treated with a rabbit conplement. The cells

were stained wth phycoerythrin (PE)-|ahgled anti-CD45R/ B220 (cell

surface nol ecul e, pherM ngen) or fluorescein isothiocyanate (FITC) -1 abeled

| The; i al L _stained wt i otin-
"abel od ant | CREFHIREE hoel sl S EREa,; S nbRghEET ff;g%h?ro Wb et
i - oFh 20),: + or ,
?:BELCB‘E;%(R(BE%%%}(CEI I?s %?gﬁ%ag??g%ggtgg%?c?ﬁ&?%tao)&gt rlagl’l\/@r’]i:“ aC(%(!?’)uo"fFaesscence '
~activated cehbmsniboerEHAES) tMantag@e@l SER 2065 21 o BeGtonmdafKiison

and Conpany). In addition, as a control experinent, CD4+ cells and/or CD8+
celI's were obtidihédnéiorwith@et hyBIsaahi 81 st Sl NLBEANGN FROT t NG mRtdl RNA

was prepared from spleen or peritoneal <cells fractioned by the above
cytometryy uSrayndRezeHi@RAAL). Three days after final administration
of PBS including NP;,-CGG, antisera were collected from
the immunized mice. The mice weré then sacrificed and
tissue samples were obtained.
Plates coated with NP;-BSA or NP;,~BSA were used
10  for measuring the production of anti-NP antibodies and the
affinity maturation of these antibodies. POD~labeled
sheep anti-mouse IgG (ZYMED) was used for detecting the
antibodies.
Anti~NP monoclonal antibody, F8, was used as a
15 contreol for an immature antibody, and C6 as a control for
a matured monoclonal antibody {(Taketani, M. et al., Mol.
Immunol., 32, 983(1995) ; Furukawa, K., et al., Immunty, 11,
329(1999)).
The result is shown in FIG. 3B. The antibody
20 expressing human Cp encoded by the transgenes in the pre-
_immuné or immune antisera from the mice immunized with
NP;,-CGG was not detected.
Hybridomas producing anti-NP monoclonal antibody

(vlAl) were prepared from pvehc3’EHS3b/4 mice immunized

25 with NP3=CGG. None of these secreted antibodies expressed




preparation reagent, G BCO BRL) according to the manufacturer's 07 SEP 2005
instructions. The cDNA was prepared fromthe total RNA using oligo(dT) as
a primer and Superscript |l reverse transcriptase (G BCO BRL). The cDNA
sanpl es were each PCR-anplified using: VH186.2 priner of SEQ No.9 and
human Cu prinmer of SEQ No.10 for the transgenes; and VH186.2 priner of
SEQ No. 9 and nmouse Cyl prinmer of SEQ No. 11 for endogenous nouse |g genes,
respectively. SEQ No.9: 5'-CATGCTCTTCTTGGECAGCAAC-3" SEQ No. 10:

5' - GCAGCCAACBGECCACCCTGC- 3" SEQ No. 11: 5 5 GGCCGAATTCCATGGAGTTAGTTTGSG 3
The PCR reaction was carried out under the condition of 95C for 1 mn, 62C

for 1 mn anduf2h tar Lo mal o i aycl gs, PR Brodusts of Lhe, 17 nsgenes
yze y

and endogenous nouse nés “Were ‘ana agarose yeé
eIectrophorenghggnlhgaggg h@&gnpggbz 1 (Invitrogen Corporation). using TA
cloning kit (lnvitrogen Corporation) and sequenced using M3 prinmer shown

SEQ No. 12 (-20, 7 2 T Bi Ch
gﬁoanas SEQ (No 13 (%Egr g%%ﬂ?ncs )%g%gsw f%éé@m t%“%gaﬁgﬁggég R,;dée,]lgi 5500

(Hitachi, LtdrhnsAsibbavanint Fhs14zed hen exps essiom Hfoantri by ¢ frgment s
including transgenes was identified. 2) Somatic hypernutation of transgenes
i n spl eerb or Hopevetrpnedie Bseekksed H-chain products level was lower

than the detectable level.

Next, antibody reaction of chimeric mice against
ID antigen NP,,-CGG was examined by ELISA. The result is
shown in FIG. 3C. The antibody value changed, but all the

10 mice produced anti-IgG antibodies indicating that the
immune systems respond to the anti-NP antibody production.

Furthermore, the binding ratio of these
antibodies to NP;-BSA, which relates to the binding to
NP;c-BSA, was examined as the measurement of affinity

15 maturation. The result is shown.in FIG. 3D.

As shown in FIG. 3D, a control monoclonal
antibody F8 showed no somatic hypermutation and had an
association constant (Ka) of 2 x 10°/M with NP-Cap, and

.the ratio was 0.29. On the other hand, well matured
20 monoclonal antibody C6'having 2 X 107/M of Ka (Furukawa, K.
et al., Immunity, 11, 329(1999)) had the ratio of around 1.
All the sera from chimeric mice showed similar ratios to
that of C6, therefore the affinity maturation of anti-NP

antibodies advanced to the similar extent in all chimeric

25 mice after immunized with NP4,~CGG.




The frequency of nutation was cal culated by .dividing the total oﬂ?ﬂggp

by the total of sequence- determ ned base. The result is shown in Table

Table 2. Mutations in V region sequences of spleen IgM B cells of
chimeric mce ConstructpvehcA3' Epvehc3' Epvehc3' EHS3b/ 4 ES
cl one3-893- 88No. 6A425- 2- 25-2- 52 Nunber of sequence301851c302121 anal yzed

Nunber of nutation observed 16 11 4225161132 ---

mutation in CDR (% 56 - -3638755755 - Mutation frequency(% Y

10

15

20

25

.

Example 4. Cloning and Sequencing of V, Gene
Although the immune system was reconstituted in
the chimeric mouse, it was rather difficult to obtain

sufficient amount of PNAmIgG+B cells, which are popular as

germinal center cells derived from a single chimeric mouse.

Accordingly, after immunization with NP4,-CGG, spleen IgM"
B220" cells, which are expected to select isotype-
switching memory B cells, XX were sorted by flow
cytometory using a FACS Vantage.

The single-cell suspension from spleen of
chimeric mice immunized with NP,;,~CGG were treated with
0.83% of ammonium chloride to induce hemolysis. In some
experiments, T cells were also treated with anti-Thyl
antibody (T24/40 and H013.4)_to induce hemolysis, and then
treated with a rabbit complement. The cells were stained
with phycoerythrin (PE)-labeled anti-CD45R/B220 (cell
surface molecule, pherMingen) or fluorescein
isothiocyanate (FITC)-labeled anti-mouse IgM (ZYMED).

The peritoneal cells were stained with biotin-
labeled anti-CD5/FITC-labeled streptavidin (pherMingen)
and PE-labeled anti-CD45R(B220).

The -CD45R(8220)*IgM", CD45R (B220) "IgM*, or
CD5'CD45R (B220)* cells were fractioned by flow cytometry on

a fluorescence activated cell sortor (FACS) Vantage

i

Percent of mutation ----




----- b 0.150.170.230. 232. 141. 76 M Percent of nutation in CDR = 108 & SEP 2065

(total nunmber of point nmutations in CDR)/ (total nunber of point

mutations) b Mutation frequency = 100 x (total nunber of point nutations)/

(total nunber of base pairs) 0 7 SEP 2000 -44 Two chineric mce were
anal yzed. For the somatic hypermutation in transgenes, priners to
hybridi ze with either VH186.2 or human Cp were 5 used. C oning and

sequenci ng of the cDNA prepared by RT- PCR were conducted. The result is

shown in Table 3. The distribution and_Eﬁgquency of somatic hypermnutation

anong the transgene constructs in spleen”"B cells are showmn in FIG 5.

Speci fic anmplhfi.cati on. of - t sgenes due to . the conbi ned use of the
(EEEEBB Bl?%lﬁgg?ﬁé%gsh?%ﬁﬁp%e1Is fromchineric mce, but not
in those from C57BL/ 61l §841 iz i '(§§é I n addition, it was
observed that all the sequences hv%ga%‘%§%§$§ﬁ.? s ééﬁalcﬁﬁlfy in
CDR3 that isaadghar ages i $bi¢sofye ASDNAUSEd 4t O CORStRUCE  f
t he gene construct pveh43'E, nucleotide changes resulting from somatic
hyper nut at i optwehengbseavedrtimg VHI86. 2- DFL16. 1- JH2, but the frequency was

prinmers was 0O

| ow. The
5

10

15

20

25

served on

i‘cal”functi oral er

Total RNA was prepared from spleen or peritoneal
cells fractioned by the above cytometry, using TRIzol (RNA
preparation reagent, GIBCO BRL) according to the
manufacturer's instructions.

The cDNA was prepared from the total RNA using
oligo(dT) as a primer -and Superscript II reverse
transcriptase (GIBCO BRL). The c¢DNA samples were each
PCR-amplified using: Vy186.2 primer of SEQ.No.9 and human
Cp primer of SEQ.No.10 for the transgenes; and Vy186.2
primer of SEQ.No.9 and mouse Cyl primer of SEQ.No.ll for
endogenous mouse Ig genes, respectively.

SEQ.No.9: 5'"-CATGCTCTTCTTGGCAGCAAC-3!
SEQ.No.10: 5'-GCAGCCAACGGCCACGCTGC-3!
SEQ.No.11: 5'-GGCCGAATTCCATGGAGTTAGTTTGGG-3"

The PCR reaction was carried out under the
condition of 95°C for 1 min, 62°C for 1 min and 72°C for 1
min for 30 cycles. PCR products of the transgenes and
endogenous mouse IgH genes were analyzed by agarose gel
electrophoresis or 1ligated into pCR-2.1 (Invitrogen
Corporation). using TA cloning kit (Invitrogen Corporation)

and sequenced using M13 primer shown as SEQ.No.12 (-20,

159eN8%., AS tO



frequency of mutation was estimted to be 0.17 % (Table 2). The geef SEP 2085
construct pvehc3' E showed an essentially simlar distribution of

hypermut ati on, although the frequency increased slightly conpared to that
of pvehcA3' E (Table 2). In the case of pvehc3 EHS3b/ 4, where HS3b/4 is -45-
further added to the gene construct pvehc3' E of the invention, a dramatic
i ncrease of the frequency of somatic hypernutation was shown as a result
in VH186. 2-DFL16.1-JH2 gene (FIG 5) . Al the sequenced PCR cl ones
cont ai ned nucl eotide changes in spite of,;the fact that they were selected
random y. These nucl eoti de changes were found wth high frequency in the

area around €DR2r&hyner vard abl ey 5egicln 2k %ﬁ@sﬁ&br@ a2 a%tgg.%g'}ﬁ 2) -

"The data were obtained fromtwo chinmeric m correspondi ng
transgene conshkdes Fhownind. Fl G2y # I §nin e Wi
other. A high frequency of hgpernuta??gﬁwﬁa?ngpar nfﬁ%%?pggﬁ%ﬁ' éb/4.
However, nut &divbackhs ctéayly absent in peritoneal Bl cells fromthe sanme
chinmeric mouse (FIG 5). The follow ng Table 3 shows characteristics of
substitutions identifikd showhe ity FEgenes. tHabkep3esMibat iognudti @l gene
SubstitutionConstruct pvehcA3' Epvehc3' Epvehc3' EHS3b/ 4 Transition

: fragments including transgenes was identified.

each

2) Somatic hypermutation of transgenes in spleen or

peritoneal B cells
The frequency of mutation was calculated by
10 dividing the total of mutation by the total of sequence-

determined base. The result is shown in Table 2.

Table 2. Mutations in V region sequences of spleen IgM B
cells of chimeric mice

Construct pvehcA3' R pvehc3’'E pvehc3’ EHS3b/4

ES clone 3-89 | 3-88 | No.6 A4 25?" 2552“
Ej;f‘a“;j;e;f sequenee  3p 18 51° 30 21 21
) paoer Of mutation| g 11 42 25 161 | 132
ey (‘f mitation | g 36 38 75 57 55

e frewency’) g 15 | 0.17 | 0.23 | 0.23 | 2.14 | 1.76

15 % Percent of mutation in CDR = 100 x {total number of

point mutations in CDR)/ (total number of point mutations)

b

Mutation frequency

100

(total number of point

mutations)/ (total number of base pairs)



' .
A-->G51225 G ->A31347 C ->T158 T--->C3534 Total 1235114 Transver si onﬂl? SEP 2065
C-->'A208 O 7 SEP 2005 -46 G'T1220 A-->C2232 A-->'T0512 G >C4743 C'Gl41l
T --->A4726 T-'Gl327 Total 1532179 It was clear fromthe conparison between
lgH transgenes that the base transition and base transversion arise with
al nrost the sane frequency. In addition, in the |ocus sequence named as RGYW
mtif (NG G CT, AT) (Kabat, E. A et al., US National Institutes of
Heal th, Bethesda, MD., U S A, pl394, 92§ )1991%1: Rogozin, | F’ g';m?! c
Bi ochim Bi ophys. Acta., 1171, 11 (19 , the enmergence of s
hyper nmut atioﬁ ?/n VH186. 2 transgene was a"ﬁlél“yzed. The gernline gene VH186. 2

(294bp) contai ped §g¥Mé¥%%Nﬁggél&e§§%§£glyzed.

For the somatic hypermutation in transgenes,

primers to hybridize with either Vyl86.2 or human Cp were
5 used. Cloning and sequencing of the cDNA prepared by RT-

PCR were conducted. The result is shown in Table 3. The
distribution and frequency of somatic hypermutation among
the transgene constructs in spleen B cells are shown in
FIG. 5. |

10 Specific amplification of the transgenes due to
the combined use of the primers was ébserved only in the
spleen cells from chimeric mice, but not in those from
C57BL/6 mice immunized with NP4,-CGG. In addition, it was
observed that all the sequences have an identical

15 junctional diversity in CDR3 that is a characteristic of
AG6DNA used to construct transgenes.

As to the gene construct pvehA3'E, nucleotide
changes resulting from somatic hypermutation were observed
in V4l86.2-DFL16.1-J42, but the frequency was low. The

2O frequency of mutation was estimated to be 0.17 % (Table 2),

The gene construct pvehc3'E showed an
essentiélly similar distribution of hypermutation,
although the frequency increased sligﬁtly compared to that
of pvehcA3'E (Table 2).

25 In the case of pvehc3'EHS3b/4, where HS3b/4 is



corresponding to 32 of the total bases, and the frequency of sonm§tg §QEP 2005
hypermutation in this notif appeared to be 34 % which is not

significantly higher than those in the other VH regions. | NDUSTRI AL

APPLI CABILITY In the above Exanples, the present inventor enployed a

RAG 2- 1- bl astocyst systemto prepare chinmeric 0 7 SEP 2005 -47- mce
carrying IgH transgenes with different cis-acting elenents. The producing
nmet hod of the invention has sonme advantages over conventional transgene
techni ques and is superior especially whgn ES cells are transformed wth

| aw copy nunbers of transgene. In fact, the copy nunber of transgene in

transfornantf§§t%%glsa%%%9?$%g @ﬁﬁsg&%ﬁ$econs 1m%sspve ngsﬁ ca

Sout hern blotting and a narglnal rs o

hyper mut at i onrWRsi+16QUNd WRap¥ehea d o) i hat
the- cis- actlﬁg elénents Vﬁ pro%n?ggrgﬁ P kPg § g%fégﬁﬁ%ﬁf for

i nduci ng a higheikeguensy ohshuperALLal i.on. td Qﬁ han
fragment (4kggbto pvehc43' E vaehcs E) resjﬁ%egpﬁh ant 12%p?0§?%§?e ygg% %

increase in gehe fEmeney.of Aypermdt add@ibnddy t herpraseRls i ayendi iy it

was found that the expression frequency of induced hypernutation was

greatly Z®nhamcdgolydentatedupingi hSHpiard HS4the the-B3' tead ehed were
selected randomly. These nucleotide changes were found
with high frequency in the area around CDR2 {hypervariable
region 2) and CDR3 (FIG. 5 and Table 2).

The daté were obtained from two chimeric mice

10 corresponding to each transgene construct shown in FIG.5,
and were in good agreement with each other. A high
frequency of hypermutation was apparent in pvehc3'EHS3b/4.
However, mutation was clearly absent in peritoneal B1
cells from the same chimeric mouse (FIG. 5).

15 The following Table 3 shows characteristiés of

substitutions identified in the transgenes.

Table 3. Mutations in IgH gene

Substitution Construct
pvehcA3’'E |  pvehc3’E | | pvehc3’ EHS3b/4
Transition ' '
A—G ' 5 12 25
G—A 3 13 47
C—T 1 5 8
T—>C 3 5 34
Total 12 35 114
Transversion
C—A 2 0 8




enhancer of pvehc3' E, which indicates that the construct pvehc3' BHE8EM 2005
contains all necessary elenents for somatic hypernutation. The Experinents
by the inventor clarified that the notifs responsible for high frequency
hypernutation are within an HS3b/4 region of 2.6 kb. Thus it is possible to
provi de a reconbinant 0 7 SEP 2005 -48 expression vector for inducing a
random nut ant of desired transgene. Moreover, it is possible to provide a
production process for a high frequent random nutant obtained by

expressing the reconbi nant expression vegé in animal cells. Furthernore,
it is possible to provide a nethod for pressing a randon1nutant or a kit
for produc @gw@ random mjt ant cofipr i sing The reconbi nant Qﬂ?SSIOﬂ
vector and gqiy cetts— G 7SEP2005-1-5—SEQUENCE+H1+-STI-NG OFSUKA
PHARMACEUT! IBAL 0o, LTD. et_lat._<126> PRODJCTLON BROCESS FOR MITANT  <130>
f001j p <140pA=M1> <150>2001- 191884 <15132001- 06- 25 <16p>14 <1TD> Patehtl n
Ver. 2.1 G—>C 4 7 A3

C—G 1 4 11

T—A 4 , 7 ' 26

TG 1 3 27

Total 15 32 179

It was clear from the comparison between IgH
transgenes that the base transition and base transversion
arise with almost the same frequency.

5 In addition, in the locus sequencernamed as RGYW
motif (A/G, G, C/T, A/T) (Kabat, E. A. et al., US National
Institutes of Health, Bethesda, M.D., U.S.A., pl39%4,
(1991): Rogozin, I.B. et al., Bicchim. Biophys. Acta.,
1171, 11 (1992)), the emergence of somatic hypermutation

10 in V4186.2 transgene was analyzed. The germline gene

Vy186.2 (294bp) contained RGYW/WRCY  motif {93bp)

M

corresponding to 32 % of the total baSes, and the
frequency of somatic hypermutation in this motif appeared
to be 34 %, which is not significantly higher than those

15 in the other V, regions.

INDUSTRIAT, APPLICABTILITY
In the above Examples, the present inventor

employed a RAG-277 blastocyst system to prepare chimeric




<210> 1 <211> 1182 <212> DNA <213> Honmp sapi ens <400> 1 tctagaadth SEP 2005
cat gcgat ct aagggatatt ggggcaatac atgtgtdgtg agatacctgc 60 ctttctgatg
agccctgtct ggcagggata aactctcctt tctgcatctc cagggcctcg 120 atgagctgac
tatctagtcc tctgccagaa tagctgtgtg gecttgggtg atgetggetg 180 acctcaggcet
ggtctgggtt gtctctggct gacacccctt gactctggat gaccctggga 240 agaccat act
taatcttaat tggacttgtt ctcattggga gagaacatgg cctcactaag 300 gcacgagtgt

ggat ggcctt gggtgatggg ggttggggecc tcctcagccc ctggcagget 360 tccctggetg
ccacccctca tccaggtccc aggcccacct ggcctgghec agtgtggtgt 420 gattctcaga
acagtagctg tggtttgggg cacctgtgct gagaaaggct caggatgact 480 cagctgccct

caget cageo chech! Lane-{ ol ayice. oghapladee paGIoISCL 240 Leassann:

gaaaaacaag ttgctaatgt ‘gaacatccct gccctacccc cacacc
ccccacactg ttgageeeayg atagagatcc caggacagca ggtgatagac 660 aaaggaggct
ccagaggaga gaaaaat agt atctacaagc atgactacct ctgccctgcc 720 ccacacctgc

cctgcaaagc tccccaggat ’Qﬁégﬁ‘iéﬁﬁéiﬁ?t el A%R CECEREIGEIABonIRdUCt L AL
ctcccagggc ctgggettge tttgtctcca tfctgegect ctgagecctgg 840 gcaaggccaa

t gagcgaaay ggdveattgescovagt t@nargateaeiiot 8rd9agaet 9tb-RRO4u gt 99ddatite
tggaatcttc t gcaggaat c ccctgtaggg atcctcctaa tgtgaatgag 960 gcttggaata

gcaaagggac gtepbeyianacspactatl gavhiée s gggrl €t sagaciats A2 ggatrgtigaga
t gaggaccaa ggtccagggc cagtgttggt aagcagaatt tggggctaga 1080 gttcaggctt

t &gag

agaagt caat gaPPAgHYELea§ggUc caminy@etaggt ta dggugcatliqg d¢dg) natbag

gacccagttg ttagagccgg agctcaatga tc 1182 <210> 2 <211> 1381 <212> DNA
trdnsSgene in transformant ES cells was calculated to be 3

or less in mbst cases by Southern blotting and PCR (Table
1).

10 Only a marginal numbers of hypermutation was
found in pvehcA3'E and the.finding was confirmed that the
cis—aqting elements, Vy promoter and En/MAR were not
sufficient for inducing a high frequency of hypermutation.
Addition of a 3' enhancer fragment (4kb) to pvehcA3'E

15 (pvehc3'E) resulted in an approximately 30 % increase in
the frequency of hypermutation.

In the present inventioh, it was found that the
expression frequency of induced hypermutation was greatly
enhanced by introduéing HS3b and HS4 to the 3' end of 3!

20  enhancer of pvehc3'E, which.indicates that the construct
pvehc3'EHS3b/4 contains all necessary elements for somatic
hypermutation. The Experiments by the inventor clarified
that the motifs responsible for high frequency
hypermutation are within an HS3b/4 region of 2.6 kb.

25 Thus it is possible to provide a recombinant




<213> Hono
at gaacccag
cacacat aca
at acat gt gt
acagt acagg
aacacttgga
cacgttgaaa
ct gggt caca
agcctgtgtt
ttactgttcc
acagctctcc
t agt agaaca
t gggact gaa
ggccct ggat
t caaccccca
gacgagt cac
gagccagagg
cctttgccét
ggggcccaga
cctcaggatc
ggccacagaa
aat acacagg
accct gt ggg
act ccgtgcc

sapiens 0 7 SEP 2005 2/5 <400> 2

ct agt cagat
cacatattac
acacacacat
gcacaaggat
caaagt gagg
gtcttcagta
ct caagct ga
ccgtttactg

t cat at gt ga
acccat gcac
at agagaagg
ggt ggt acag
gtagtgtgtg
gactggtatc

gt at cagggt
accagt gaga

aactcatatc
acacat gt ac
cat t ggt ggg
aat gaggt ca
tgtgtgtgtg
act agccct g
agccaggggc
agccat gagc

ctgcagactc actgttcacc 07 SEP Zﬂﬁﬁ

60 agdcctctgca cacacat aca

120
180
240
300
360
420
480

acat acat ac
gaaaacatta

ggct gggt ca
tgtgtgtgtg
at at gggcaa
ttctaaccaa
tgaaccagac

acat gt acac
ggccat ggct
gcat aacaag
tgtgtgtgtg
cacagcaagc
gggt agat gc
cagaagaccc

CBSEEALTen CoACEGATEL,  aglhende 540, aagacect gt 3;:%96%3%%;3

tctacactcc acctgtagca caaacac Opggg

PR SGERY. agcmwﬁggmbgggafggggg 6§§553g9 aaggcc cat éaccca
act cagggaa ccagaaccgt aaggagat gca ggtgct 3& ggg

CREbGRGELSn agAGRAIAC AQat Lt Ch§§h789re(§&éﬁ€at§£¥dc% CRACELGC
aaaat ggcca ggcctaggct at ggat gagf 840 ftcaatgacc aggccctaag

agaggiacéd Chot ¢EgeeelingaaatageadodddnaRe ckapl-eadi 8hIgrlkgsa
gagccat ggc caggaaggcc agacgcctta 960 ggggtgtgct gtctctgcat

cictgoinxl calthyt cdatrtticgeratgt G £1020 pRGAMIGC ¢l0 pelaticgc et
cctggccagt ctgggtacct gtggaataca 1080 cccaaagaag caatccccag
caellaed acton ceopirasag nac abgaghgdohl4dut het cagecca aattgt eoggg
gcccctaaga ccctactctg ctaataggcc 1200 ctcctcccac cacgcaagac.
CREQGLGERY tYgatapy Jerivwsc c o266 iyt adet gtrg doglbd agattac
tatcctggcc agaatctggt gaccaaccca 1320 acctgtgtcc ctagaggagt

t R e Al atidedag@l 15380 t 1381




<210> 3 <211> 34  <212> DNA <213> Artificial Sequence <220> <2287 SEP 2005
Description of Artificial Sequence:primer <400> 3 t ct agaacca cat gcgat ct
aagggatatt gggg <210> 4 <211> 33 '<212> DNA <213> Artificial ‘Sequence

<220> <223> Description of Artificial Sequence:priner <400> 4 caggactagt
gatcattgag ctccggctct aac 34 33 3/5 <21Q@3y55 <211> 33 <212> DNA <213>
Artificial Sequence <220> <223> Description of Artificial Sequence:priner
<400> 5 ctagtctaga ctgcagactc actgttcacc atg <210> 6

SEQUENCE LISTING

<110> OTSUKA PHARMACEUTICAL CO.,LTD.et al

<120> PRODUCTION PROCESS FOR MUTANT
130> f001jp

{140
141>

150> 2001-
<{151> 2001-

<160> 14

191884
06-25

{170)> Patentln Ver. 2.1

<210> 1

<211 1182
<212> DNA
<213> Homo

<{400> 1

tctagaacca
ctttctegaty
atgagctpac
acctcagget
agaccatact
gcacgagtgt
tccetpecte
gattctcaga
cagctgecct
tcagaagaga
ctgcaaatcet
aaaggaggcet
ccacacctegc
gagectccat
gcaaggccaa
gtgeeggattc
gcttggaata
gratgtgaga
gttcaggcett
atcagtacag

<210> 2

{211 1381

<{212> DNA
<213> Homo

sapiens

catgecgatct
agecctgtcet

‘tatctagtcc

ggtctggptt
taatcttaat

ggatggectt
gcacccctica
acagtagctg
cagctcagag
gaaaaacaag
ccccacactg
tcagaggaga
cctecaaage
ctcccaggege
tgagcgaaag
tegaatcttc
gcaaagggac
tgaggaccaa
agaagtcaat
gacccagtte

sapiens

aagggatatt
ggecagggata
tctgccagaa
gtctetgget
tegacttgtt
gegtgatees
tccaggtcce
tggttigeesm
ctgctttgaa
ttgctaatgt
ttgaccccag
gaaaaatagt
tccccaggat
ctegecttge
gegtcactgt
tgcaggaate
gtcttgtaasa
ggtccagege
gatgaggecc
ttagagecgg

ggggcaatac
aacictcctt
tagctgtete
gacacccctt
ctcattgega
gettegeece
agegcccacct
cacctegtegct
tgtttcagca
gaacatcccet
atagagatcc
atctacaage
gcigacceca
titegtcteca
cccagttgea
ccctegtagge
ataccactga
cagtgtiggt
agggcccaat
agetcaatga

atgtgtagte
tctgcatcte
geettgeete
gactctggat
gagaacatgg
tcctecagece
ggcetegtee
gagaaaggct
getgatagac
gecctaccecece
caggacagca
atgactacct
catctgtaga
ttetgegeet
geecagtete
atcctectaa
ttcocttepge
aagcagaatt
gactaggtca
te

agatacctge
cagggecetee
atgetegcty
gaccctegga
cctcactaag
ctgegcaggcet
agtetegtgt
caggatgact
aacagagact
cacacctgta
ggtgatagac
ctgccctgee
cccecaggeca
ctgagectge
tgacagtgtt
tgtgaatgag
ctcagacaat
tgeggctaga
gegcccatte



Artificial
<210> 7

<210> 8 21.
Description of Artificial

20 <210> 9 <211> 21 0 7 SEP 2005

Sequence: pri nmer
<211> 20
Description of Artificial
<211> 20

<400 2

ctgcagactce
agccictgea
acatacatac
gaaaacatta
ggctgggtca
tgtetetgte
atatgggcaa
tictaaccaa
tgaaccagac

aagaccctgt

ttgcaaacat
tggaaagccc
gcateggtgcet
cttccatcat
ttcaatgacc
acctgetcag
geegptgtect
acaatccctg
tccaaagaag
tctcagecea
ciccteccac
gegtacctegte
acctgtgtce
i

<210)> 3
Q11> 34
<{212> DNA

actgttcacce
cacacataca
acatgtacac
ggccatgecet
gcataacaag
tgtetetete
cacagcaagce
gggtagatge
cagaagacce
actgtgerce
ttctaaaaag
cattcaccca
gegegaggtt
gtcaacctce
aggccctaag
atgegattgca
gtctetgeat
ctgtcectct
caatccccag
catgtcteggp
cacgcaagac
tgtgagatac
ctagaggagt

atgaacccag
cacacataca
atacatgtgt
acagtacagg
aacacttgga
cacgttgaaa
ctegggtcaca
agectgtgtt
ttactgttce
acagctctcec
tagtagaaca
tgggactgaa
geccctgegat
fcaaccccca
gacgagtcac
gagccagage
cectttgeccet
ggggeccaga
cctcaggate
ggccacagaa
aatacacagg
accctegtegge
actcegtegce

<213> Artificial Sequence

<220>

ctagtcagat
cacatattac
acacacacat
gcacaaggat
caaagtgage
gtcttcagta
ctcaagctga
ccgtttacte
caccccacee
tctacactec
geaaccacag
actcagggaa
cagtgagcece
aaaatggcca
agaggactic
gagccatgge
ctetgetcet
tcteggccagt
cacaactact
geecctaaga
caaggtgatg
tatectggcce

tgcactcace

Sequence <220>
<400> 7 gactcaggag gactctagtt
Sequence <220>
<400> 8 ggtgtcccta gtccttcatg 20

tcatatgtga
acccatgcac
atagagaagg
getgetacag
gtagtgtete
gactggtatc
gtatcagpgt
accagtgaga
ccacccagtt
accigtagca
agcagageges
ccagaaccgt
agagagttac
gegcctaggct
ctegteggct
Caggaaggce
cacagtccat
cteggetacct
tccectacag
ccctactectyg
tggatgagag
agaatctgpt
tacccaccta

<223> Description of Artificial Sequence:primer

<400> 3

tctagaacca catgcpatct aagggatatt ggeg

210> 4
211> 33
{212> DNA

213> Artificial Sequence

<220>

<223 Description of Artificial Sequence:primer

<400> 4

caggactagt gatcattgag cteccggctet aac

aactcatatc

acacatgtac
cattggtege
aatgaggtca
tgtetetete
actagccctg
-agccaggecc
agccatgage
tagtctcage
caaacactat
gggactegeg
aaggagattt
tegtttctca
atpgatgagt
caggcagcag
agacgecctta
ctgeccatcte
gtggaataca
acatgagtga
ctaataggce
gaccaaccca
gaccaaccca
actccaaget

<211> 33 <212> DNA <213> Artificial Sequence <220> <223> Descri ftg §fpo
<400> 6 gtggactagt aagcttggag ttaggtgggt agg
<212> DNA <213> Artificial
Sequence: pri ner
<212> DNA <2.13> Ar%%%iciaj
Sequence: pri

<223>
<223>

60

120
180
240
300
360
420

34

33

2005




4/ 5 <212> DNA <213> Artificial Sequence <220> <223> Description 8t/ SEP 2065
Artificial Sequence:prinmer . <400> 9 catgctcttc ttggcagcaa ¢ <210> 10 <211>
20 <212> DNA <213> Artifi'cial Sequence <220> <223> Description of '
Artificial Sequence:primer <400> 10 gcagccaacg gccacgctgc <210> 11 <211>
27 <212> DNA <213> Artificial Sequencg, £220> <223> Description of _
Artificial Sequence:prinmer <400> 11 ggécgaattc catggagtta gtttggg <210> 12 -
<211> 17 <212> DNA <213> Artificial -Sequence

<2100 5

<211 33

<212> DNA

<213> Artificial Sequence

<220,

<{223)> Description of Artificial Sequence:primer

<400> 5
ctagtctaga ctgcagactc actgttcacc atg 33

<210> 6

<211 33

<212> DNA _
<213> Artificial Sequence

<2207

223> Description of Artificial Sequence:primer

<400> 6
gtggactagt aagcttggag ttagetgegt age 33

Qi T

211> 20

<212> DNA

<213)> Artificial Sequence

<220>
{223> Description of Artificial Sequence:primer

<400> 7
gactcaggag gactctagtt _ 20

<2100 8

Q1> 20

<212> DNA ,
213> Artificial Sequence

{220>
223> Description of Artificial Sequence:primer

<400> 8 -
ggtgtcecta gtectteaty : 20

210> 9
Q211 21




<220> <223> Description of Artificial Sequence: M3 forward pri mag (<866>2805 ,
ctctacagac acgggcc <210> 13 <211> 29 <212> DNA <213> Artificial Sequence - -
21 20 27 17 0 7 SEP 2005 5/5 <220>. <223> Description of Artificial :
Sequence: ML3 reverse prinmer <400> 13 aaaaagcttg gtgtccctag tccttcatg 29
-<210> 14 <211> 546 <212> DNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence:profdfer <400> 14 ttcttaaata aaatgctgaa
tgaacatttg aatacacata ttgctgagac atgttctctt 60

- <212> DNA
213> Artificial Sequence

{2200
223> Description of Art|f|c1al Sequence:primer

<400> 9
catgctctite ttppcagcaa ¢ : 21

<210> 10

<{211> 20

<212> DNA

213> Artificial Sequence

<0y
) <223> Description of Artificial Sequence:primer

<400> 10
gcagccaacg gccacgetge 20

<210 11

i 21

<212> DNA

<213> Artificial Sequence

{2200
<223> Description of Artificial Sequence:primer

<400> 11
ggccgaattc catggagtta gtttges ' 27

<210> 12

1y 17

<212> DNA

<213> Artificial Sequence

£220>
223> Description of Artificial Sequence:M13 forward
primer

<400> 12
ctctacagac acgggcce 17

<210> 13

<211)> 29

<212> DNA

213> Artificial Sequence




gctgtcattt gtgtaatatt ttagtatgca accttttgga aaggccatta ttatttaaat %—SEP 2005
at at at gaga gaagattgct aactctcata aatgtattgg tttttttttt aaatttccag 180
taagcgttat cctcattgct actaccacca atcaattttt tcactaagac aagtgagtgt 240
ctcaggttag gattctattt taagattgag atattaggct ttgatactac atctaaatgg 300
tctgtacatg tctcgaagaa agttcttcag acagagttag gacttggatc caggagttag 360
gacttggact gactcaggag gactctagtt tcttc {etc cagctggaat gtccttatgt 420
aagaaaagcc ttgcctcatg agtatgcaaa tcatgtgcga ctgtgatgat taatataggg 480
atatccacac caaacatcat atgagcccta tcttctctac agacactgaa tctcaaggtc 540 :
cttacg238p 0 7 SEP 2005 -49 CLAIMS 1. A production process for an exogenous
gene <zasdoeguitiption ovhareini el ANSeqoestd WA eevardesi ng at | east the :
follow ng (sinfed) is introduced into an aninmal cell and the exogenous gene.
mutant is produced in the animal cell: (a) a pronoter; (b) an exogenous
‘gene; L4pdyam i ntron enhancer; and (d) an enhancer conprising HS3b and/or

HS4 i {4 } 2. The production process accofgling to

cl ai m%,ﬂa%ﬁglreéeiggﬁ?ﬂgéf(d(%/qulﬁg%ce further conprises HS1 and HSZ.ig. The
production process according to claiml or 2, wherein the (d) enhancer has
a DNA<§queﬂ§e conprising at |east a DNA sequence of SEQID NO 1 or 2.

<211) 546
<212) DNA
<213 Artificial Sequence

<220)

<223> Description of Artificial Sequence:promoter

<400> 14
ttcttaaata aaatgctgaa tgaacatitg aatacacata ttgctgagac atgttctctt 60
getgtcattt gtgtaatatt ttagtatgca accttttgga aaggecatta ttatttaaat 120
- atatatgaga gaagattgct aactctcata aatgtattgg tttttttttt aaatttccag 180
taagcgttat cctcattget actaccacca atcaattttt tcactaagac aagtgapgtet 240
ctcaggttag gattctattt taagattgag atattaggcet ttgatactac atctaaatgg 300
tctgtacatg tctcgaagaa agttcticag acagagttag gacttggatc caggagttag 360
gacttggact gactcaggag gactctagtt tcttcttctc cagctggaat gtecttatgt 420
aagaaaagcc ttgcctcatg agtatgecaaa tcatgigega ctgigatgat taatatagee 480
aiﬁtccacac caaacatcat atgagceccta tcttctctac agacactgaa tcicaaggte 540
cttaca ‘546



4. The production process according to any one of clains 1 to 3,0 Weizﬂ%
DNA sequences of (a), (c) and (d) are derived froma DNA sequence of an

i mmunogl obulin 5. The production process according to claim2, 0 7 SEP
2005. -50 wherein the (d) enhancer conprises HS1, HS2, HS3b and HS4. 6. The
production process according to any one of clains 1 to 5 wherein the (a)
pronoter is a VH pronoter; and the (d) enhancer has a DNA seguence
conprising DNA sequences of SEQ ID NGOs: 1 and 2. 7. The production process
according to claim5 or 6, wherein the-NA construct is pvehc3 EHS3b/ 4. 8.
The production process according to any one of clains 1 to 7, wherein the

animal cell is a Bcell line animl cethimg9. The production process
according to claim8, wherein the Bcell line animal cell is derived from
a pre B lynphocyte line cell. 10. A nethod for obtaining an expression

product of a nutant gene by expressing the exogenous gene nutant obtained
by the method according.toRamrahetofon chabodsd For9ann d:hieyeaiumlgaal | .
11. A DNA construct for produci ng an exogenous 01 SEP 2000 -51-
random mutants, wherein a DNA construct comprising at
5 least the following (a)Q(d) is introduced into an animal
cell and the exogenous gene mutant is produced in the
animal cell:
(a) a promoter:
{b) an exogenous gene:
10 (c) an intron enhancer; and

(d) an enhancer comprising HS3b and/or HS4 in a DNasel

sensitive region.

2. The production process according to claim 1,

15 .wherein the (d) enhancer further comprises HS1 and HS2Z.

3. The production process according to claim 1
or 2, wherein the (d) enhancer has a DNA sequence
comprising at least a DNA sequence of SEQ ID NO: 1 or 2.

20

4. The produétion process according to any one

of claims 1 to 3, wherein DNA seguences of (a), {(c) and

(d) are derived from a DNA seguence of an immunoglobulin

25 5. The production process according to claim 2,




gene nmutant, conprising at least: ~ (a) a pronoter; (b) an exogenOLﬂs?gsaEﬁ;ZUﬁs;_
(c) an intron enhancer; and (d) an enhancer conprising HS3b and/or HS4 in a
DNasel sensitive region. 12. The DNA construct according to claim 11,
wherein the (d) enhancer further conprises HS1 and HS2. 13. The DNA
construct according to claim1l or 12. wherein the (d) enhancer has a DNA
sequence conprising at |least a DNA sequence of SEQID NGO 1 or 2. 14. The
DNA construct according to any one of «clainms 11 to 13, wherein DNA
sequences of (a), (c) and (d) are deriy%i_from a DNA sequence of

i mrunogl obulin. 15. The DNA construct according to any one of clainms 11 to
14, wherein a r rises HS1, H H a S4. 16. The DNA
const ruct ac%g(rgﬁié% ?}gga%)eo%%?%%e%lca?mn%mﬂesf 3?5‘1]5! %rgﬁ?‘gﬁﬁ@d(lg)sk ‘ '
pronmoter is a VH pronoter; and O 7 SEP 2005 -52- the (d) enhancer has. a DNA
sequence conprising DNA sequences of SEQ ID NGs: 1 and 2. 17. The DNA

truct di ng togcl apyg 1 Logt {GANSLr UGk, i
gegﬁchEHSggfzr ing togClapi 1drQfucdfon WBEHELRS Q%cgyélﬁa th %%& che

of claims 1 to 5, wherein
5 the (a) promoter is a V, promoter; and

the (d) enhancer has a DNA sequence comprising DNA

sequences of SEQ ID NOs: 1 and 2.

7. The production process accordirig to claim 5

10 or 6, wherein the DNA construct is pvehc3’EHS3b/4.

8. The production process according to any one
of claims 1 to 7, wherein the animal cell is a B cell line

animal cell.

15
9. The production process according to claim 8,
wherein the B cell line animal cell is derived from a pre-
B lymphocyte line cell.
20 10. A method for obtaining an expression

product of a mutant gene by expressing the exogenous gene
mutant obtained by the method according to any one of

claims 1 to 9 in the animal cell.

25 11. A DNA construct for producing an exogenous




18. A kit for production process of an exogenous gene mnutant or prJhéc$§5 2065
an expression product of a mutant gene, conprising a vector having: (a) a
pronoter; (b) an exogenous gene-insertion site; (c) an intron enhancer;

and (d) an enhancer conprising H S3b and/or HS4 in a DNasel sensitive

region; for achieving an expression of a nutated DNA sequence which

produces an exogenous gene mutant. 19. The kit according to claim 18,

wherein the (d) enhancer further conprises HSI and HS2. 20. VH17.2.25
pronot er having a sequence of SEQ ID NO.514. 0 7 SEP 2005 -53 21. A
production process for an exogenous gene random nutants, wherein a DNA

construct cogghgsgggaﬁg lggﬁérigfn%f£{|f -Qg_(a) - (d) is introduced into
a the’

an ani mal cell an e exogenous gene nutant is produced in.the aninal
cell: (a) a YVH17g2p28nBEappter having a sequence of SEQ ID NO 14; (b) an
exogenous gene; (c) an intron enhancer; and (d) an enhancer conprising HS3b.

and/or HS4 inba BNasebgeAB0SI LENE; region. 22. The production process
according to claim 21, wherein the (d) enhancer further conprises HSl and

HS2. (c) an intron enhancer; and
5 (d) an enhancer comprising HS3b and/or HS4 in a DNasel

sensitive region.

12. The DNA construct according to claim 11,

wherein the (d) enhancer further comprises HS1 and HS2.

10
13. _The DNA construct according to claim 11 or
12, wherein the (d) enhancer has a DNA sequence comprising
at least a DNA sequence of SEQ ID NO: 1 or 2.
15 ‘ 14. The DNA construct according to any one of

claims 11 to 13, wherein DNA segquences of {(a), {(c) and (d4d)

are derived from a DNA sequence of immunoglobulin.

15. The DNA construct according to any one of
20 claims 11 to 14, wherein the (d) enhancer comprises HSI1,

HSZ, HS3b and HS4.

16. The DNA construct according to any one of
claims 11 to 15, wherein

25 the (a) promoter is a V, promoter; and



23. The production process according to claim?21 or 22, wherein tqgl§5f 2065
enhancer has a DNA sequence conprising at |east a DNA sequence of SEQ I D
NO 1 or 2. 24. The production process according to any one of clains 21

to 23, wherein DNA sequences of (a), (c) and (d) are derived froma DNA
sequence of an inmmunogl obulin. 25. The production process according to
claim?22, wherein the (d) enhancer conprises HS1, HS2, HS3b and HS4. 26.

The production process according to any one of <clains 21 to 25, wherein

the (d) enhancer has a DNA sequence coq%rtsing DNA sequences of SEQ I D

NGs: 1 and 2. 27. The production process gccording to claim?25 or 26,

wherein the c tr i S, pvehc3' EHS3 . 0 7 SEP 2005 -54 28. The
producti on pE%@%nggcc%%ﬁﬁﬁﬁe 0 §ﬁ§ offe géﬁ cPERRET%E t GOBRTLHHRT ei N2 he

animal cell i RBL8l e icp ni;pal. cell .. 29. The production process
accordi ng tO”CFgFﬁF% ,0 whe?eﬁ% PE%'BECEPF ine animal cell is derived from
a pre-B lynphocyte line cell. 30. A nmethod for obtaining an expression

product of a nutant gene by expressing the exogenous gene mutant obtai ned

by the method according7to aR% oR@ Qlorchaiis %%éo%di%%ui% the apiopl cell .
31. A DNA construct for producing an exogenous gene tant, conprising at

least: (&) alvhHl¥wh2r23npr@e0DER haMkBgudtSeqUSHER:9f ESER ) P NO 14,

18. A kit for production process of an
~ exogenous gene mutant or producing an expression product
of a mutant gene, comprising a vector having:
10 (a2} a promoter;
{b) an exogenous gene-insertion site;
(c) an intron enhancer; and
{d) an enhancer comprising HS3b and/or HS4 in a DNasel
sensitive region;
15 for achieving an expression of a mutated DNA seguence

which produces an exogenous gene mutant.

19. The kit according'to claim 18, wherein the
{d) enhancer further comprises HS1 and HS2.

20

20. Vy17.2.25 promoter having a sequence of SEQ
ID NO: 14.



(b) an exogenous gene; (c) an intron enhancer; and (d) an enhancerﬂ? SEP 2005
conprising HS3b and/or HS4 in a DNasel sensitive region. 32. The DNA
construct according to claim1ll, wherein the (d) enhancer further

conprises HS1 and HS2. 33. The DNA construct according to claim11l or 12,
wherein the (d) enhancer has a DNA sequence conprising at |east a DNA
sequence of SEQID NGO 1 or 2. 0 7 SEP 2085 -55 34. The DNA construct
according to any one of claims 11 to 13, wherein DNA sequences of (a), (c)
and (d) are derived froma DNA sequengg.of inmmunogl obulin. 35. The DNA
construct according to any one of clains 11 to 14, wherein the (d)

enhancer conprises HS1, HS2, HS3b and HS4. 36. The DNA construct according

to any one of cjai gy dR L ?}Qr i % g&l@% Sed
sequence, conpﬂisinggé%k squgh esc%F%SE %I%%kgé: B%ﬁg g% 57? T emDNA
construct mettd ngwhereini m DNZandot2truahecempribéndNatcobsdsucthes
pvehc3' EH 38 it for productio rocess of an_exogeno ene
mut ant or$%$g6J€§ﬁb Q%%expﬁgggaﬁwﬁﬁﬁﬁﬁﬂﬁa% %ﬁ%ﬁu%ﬁnaﬁaﬁ%? C%gﬁpgpging a
vect or havilng: eXajerroMHben2 Abtphembeproavead fn sapientieadfl <8EQ:I D NO 14,
(b) an exogenou§7%%n%-insertion site;wgc) an intron enhancer; 8nd

a) a Vyl7.2.25 promoter having 'a sequence of SEQ ID' NO: 14;

(b) an exogenous gene;

(¢} an intron enhancer; and

(d) an enhancer comprising HS3b and/or HS4 in a DNasel

sensitive region.

22. The production process according to c¢laim 2%,

wherein the (d) enhancer further comprises HS1 and HSZ2.

23. The production process according to claim 21 or
22, wherein the {(d) enhancer has a DNA sequence comprisging

at least a DNA sequence of SEQ ID NO: 1 or 2.

24. The production process according to any one of
claims 21 to 23, wherein DNA sequences of (a), (c) and (d)

are derived from a DNA sequence of an immunoglobulin.

25. The production process according to c¢laim 22,

wherein the (d) enhancer comprises HS1, HS2, HS3b and HS4.

26. The production process according to any one of
claims 21 to 25, wherein the (d)} enhancer has a DNA

sequence comprising DNA sequences of SEQ ID NOs: 1 and 2.

27. The production process according to claim 25 or

26, wherein the DNA construct is pvehc3’/EHS3b/4.




(d) an enhancer conprising HS3b and/or HS4 in a DNasel sensitivelr2dkm:2005
for achieving an expression of a nutated DNA sequence which produces an
exogenous gene nmutant. 39. The kit according to claim 38, wherein the (d)
enhancer further conprises HS1 and HS2.

~54-

28. The production process according to any one of
claims 21 to 27, wherein the animal cell is a B cell line

animal cell.

29. The production process according to claim 28,
wherein the B cell line animal cell is derived from a pre-B

lymphocyte line cell.

30. A method for obtaining an expression product of a
mutant gene by expressing the exogenous gene mutant
obtained by the method according to any one of claims 21 to

29 in the animal cell.

31. A DNA construct for producing an exogenous gene
mutant, comprising at least:
(a} a V4l7.2.25 promoter having a sequence of SEQ ID NO: 14;
(b} an exogenous gene;
{c) an intron enhancer; and
(d) an enhancer compriging HS3b and/or HS4 in a DNasel

sensitive region.

32. The DNA construct according to claim 11, wherein

the (d) enhancer further comprises HS1 and HS2.

33. The DNA construct according te claim 11 or 12,
wherein the (d) enhancer has a DNA sequence comprising at

least a DNA sequence of SEQ ID NO: 1 or 2.
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34. The DNA construct according to any one of claims
11 to 13, wherein DNA sequences of (a), (¢} and (d) are

derived from a DNA sequence of immunoglobulin.

35. The DNA construct according to any one of claims
11 to 14, wherein the (d) enhancer comprises HS1, HS2, HS3b
and HS4.

36. The DNA construct according to any one of claims
11 to 15, wherein the (d) enhancer has a DNA seguence.

comprising DNA sequences of SEQ ID Nos: 1 and 2.

37. The DNA construct according to claim 11 and 12,

wherein the DNA construct is pvehc3’EHS3b/4.

38. A kit for production process of an exogenous gene
mutant or producing an expression product of a mutant gene,

comprising a vector having:

(a) a Vyl7.2.25 promoter having a sequence of SEQ ID NO: 14;
(b} an exogenoug gene-ingertion site;

(¢} an intron enhancer; and

(d}) an enhancer comprising HS3b and/or HS4 in a DNasel
sensitive regilon;

for achieving an expression of a mutated DNA sequence which

produces an exogenous gene mutant.

39. The kit according to claim 38, wherein the (d)

enhancer further comprises HS1 and HS2.




