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: OPQRe3e( D) FX6T( DESCRI PTI ON PRODUCTI ON PROCESS FOR MUTANT TECHNI CAL
kIELD 5 The present invention relates to a novel production for a
mut ant conprising introducing a i nproved DNA construct int OIIMB@E]HWQME
the DNA construct, and a kit for producing a gene nutant or ‘e
mut ant gene. 10 BACKGROUND ART Living things now in existence hd¥eevol ved
over a long period of tinme through the nutatagenesis and thﬁ | f
mut ants by the environnent. The general 15 evolution has ve mmmmgmﬂﬁﬁ%$E
and passes through many generations to adwance. On the other haQ} A e
case of anti body-producing cells of the i mmune system the nutatgﬁghesis
and the selection by antigens are corptetedrbR one generation, and the next
generation will not 20 inherit the acquired function. Such a quick rate of
evolution in the i mune sy®RODUCTIONt BRPCEESdFER METAQTSEt agai nst the
mut ati on of an environnent - dependent pat hogeni c m croorgani sm The present
i nventor previously produced 25 transgenic mce to which genes of
bacteri a-derived enzyne -2 chl oranmpheni col acetyltransferase are’
i ntroduced, and denonstrated that IERENKIARt FBRLDBf an anti body gene is
controllgd by its prompter and enhancer and the nutation of any genes can
be i nduced by control ITHRy W¥RsS@br oApVeRtsoand tedledisser o am amoivieddy
gene (Azumm, T., et,al., Int. Inmunology, 5 ( 2 ) 121-130 ( 1992 ) ) . The
currently usRPPIOGLR i BROGFDReSSTT ¢ BUtARaNEONRr bRENGF iphsoducing a
mut ant - pr oduci ng net ho in which deletion, insertion and/ or addition
nutation is %Tﬁ%é&ﬁ 1gﬁ%ntF888§§BC§nt& Cde AT SR IDNACR EHRIencEhet hANA s,
sitespecific sisg. t ite-specifically replace a certain | ength of
DNA sequences '¢§§5§pe%Pchgnu?é§eH§¥isPrfgﬁFéPg ef a¥°lC MYHSIYE i R
Enzynol ., 1Q§kpf€§%fﬁ§“&“ﬁ%@9qt dn the general msmatch mutation using
an artificially synthesized ol i dgonucleotide as a prinmer, a conplenentary
ol i gonugbeoti de consi sting of around 20 bases is synthesized with an
optional mutation in a base sequence nearby a site where nmutation is to be
i nduced, the 20 oligonucl eotide | SADKERNINEARIO a-target DNA, and then a
DNA conpl enentary to the remai ning of target DNA can be produced using DNA
pol ynera into a desirddsirtee.tHoweverow til sxisthodecapret dviddved GRaY
mutants at once. 25 In the other nutagenesis systens, some exam nes

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

in 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



-3 the di sappearance or the manifestation of a specific function in the
presence of a conpound that damages a gene (Myers, et al., Science, 232,
613-618(1986)), and other uses bacteria etc. However, these nethods are 5
fundanentally different fromthe above one to induce nutation by the
present inventor. Variation (diversity) in the Ig V region of mce and
humans is generated by the conbinatorial joining of V, D, and J gene
segnents existing separately in germine, 10 the deletion and addition of
nucl eotides at the junction of these seg@ents during joining, and sonmatic
hypermut ati on of joined V-(D)-J genes. The somatic hypernutation is rel ated
to the affinchyoramphenionl of aaatybodynaferdes bees freguedukyrdobsemeed
after 15 stinulation of T cell-dependent antigen (TD) (Bothwell, A L.M, et
al ., Cell, 2demo5$to81¢d Gdathathe mukatiem abf, aNat aneib28¥y, @Oné 1981): .
Giffiths, GM, et al., Nature, 312,271(1984): Mizels, N, et al., Cell,
43, 715(1985§ontyebkkd, by, Tts a@ircaloterPrayed dlahéncécadndSthe WHAatihn 20
1847(1986): Cumano, A., et al., EMBO J., 5, 2459 (1986): Berek,C, et al.,
Cel |, 67, 112i(3vpi1yengakeranie wduerd Ly camtrolimmotith 32 pra8®tel995) :
Fur ukawa, k. , e?t‘ al ., Irrrrunitg/, 11, 329 (1999) : 2-10 ) . The cis-acting

el enent s  esPORsPBRRNFSF PRe2nalttPBAY 0PeBE K AREMRY p&r mutat i3dn 25 Have
been identified using K- i O Brj L. et al., -4 Nature, 326,
405(1987) : SP%IP%%?LK}%& ,%F?)aﬁé,l_Eﬁd Fl%ﬁrhmnol ., 20, 1379(1990): Shar pe,

- MJ.,et al., EMBO J., 1,991): Betz, A.G . .et al.

Cel |, 77, 239(1994) : Yelégn%s?&gc%e(néct%%al use ¢ Rreaughion, Brqerss. for a
Peters, A. , et , 1l t , 1 ced1- (err)- i Kl otz, .E., et
al., 3| mmnrlu%?fﬁ{lt 185 g 96?’?%7&32%8%@’5%2?1%1E@arﬁgsegtg{r@céﬁmgrc‘:eW teh

(Durdik, J., efeBdtiol) 0¢nshath onAGRE/ 0SCI add4RA, 4 89): - et
al ., J.Exp. I\/e%. , JL1077, 493?199333? Tumgg- Braundgﬁsie(),rﬁgﬂ/llg@aaﬁid&gwa%ers,%q%b\iy

T.,J. Exp.oMvedint 365u239(19268) a 18ed@redADNH atkeduahexe, i pigsent; ddventor
prepared transgenic mce carrying chl oranpheni col acetyltransferase (CAT)

gene that isspeciEic bymitizgeRe@bs(Lak, ite-swéciticalld}!, r881a85 (1983):
G osschedl ,R and Baltinore, D., 15 Cell, 41,885 (1985): 22,23) and J-C

i ntron enhanee¥tdherkaigeh @by isa@knaesEU)Si(He-Hddees fi8 Rutaeknakis, Cel |,
33,715(1983): Banerji, J.,et al., Cell, 33, 729(1983):24,25)/ matrix
attachment régtbdr( héteadtor HBBEeiraPedd RaBR) (Por redtlers50N(C.988Y al . |
Sci ence, 265 0 1221(1994):26). As a result, somatic hypernutation was
detected in 1ok $ot2} v Pihbtidr B2 mavar 19 %in b 6% 5 0dddd8an ) )t-he

frequenq_% of _nmut ati on was ﬁppr.oxi mately 1/10 that observed in endogenous

VH D- JH sughdstify $RAET 2 hedd ST Chet PhEe bl e vSd P8 e r iahtediicdally
ngﬁrtant fCEyﬁ%ﬁ%é%%é@dgfﬁ5ggu81eg¥9§éngEaEJOgrﬁﬂgr}hgtc%%% %H%%%gggents

oligonucleotide consisting of around 20 Dbases is

synthesized with an optional mutation in a base sequence

nearby a site where mutation is to be induced, the

20 oligonucleotide 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 is 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



-5 as Cy, Ca of 3" or the enhancer flanking of Ca (3" enhancer)
(Pettersson, S., et al., Nature, 344,165(1990): Dariavach,P.,et al., Eur.

J. Immunnol ., 21, 1499(1991): Lieberson, R ,et al., EMBO

J., 14,6229(1995):27-29) mght 5 be responsible for high frequent somatic
hyper mut ati on (Sohn, J., et al., J.Exp.Md.,

177,493(1993): TumasBrundage, 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). 10 In order to identifg-the conponents) inportant in

rai sing the frequency of hypernutation in IgH gene, the present inventor
enpl oyed a RéRe2-difappenta{Recmi raki ONaAbrdsthVabhNGo£ene: GRIE fic
rearrangenent protein-2 blastocyst conplenmentation system devel oped by Chen
et al. (Chenfudctiet ah.th&rpresdiadd .oAcatonpiund/ShatdYantrd BOPne3l). A
series of transgene constructs differed only in the 3" flanking region were
m croi nj ect edMiyare, RAG &ldef i Sceéanc) BI3&st o€y3t618 0138 &N eghderdyheani ¢
stemcells (hereafter abbreviated to ES cells). The chinmeric m ce obtained
in this systefefer dgtmmizedeliicth a T HoeldvegepentbaseantmgemdaAs ameesul t,
t he frequency of somatic hypernutation in VH D-JH of the transgene reveal ed
that 25 the ¥H§@?$?@ﬁﬁ%&y exaais| thrp@ r EjeonaBbve hevraf tey  ind&iddS3b)
and/ or HS4 (Madi sen, L. and Groudine, M, Genes Dev. 8, 2212(1994):

M chael son, BUSatEpn gy theidtesceniei dwed<r- 23, 975(1995): Arul anpal am V.
et al., Imunol. Today,.,18, 549(1997):32-34) .induces random somatic
hypernutation. 5 An obY%E{atolrorg hgglp‘%eers%]rﬁyzgi et g & (TP iofe T ce

ducti t,, W DNA t. t, | i.ch
odi 1 e oukaryar i ae ot SRS O e e Buttience ) e i e onrancer
and a § HSShA eRbaneeyedt € seblead sl Sl iU dCedbl MO A 20! TlLelde, 10
n (0] e nmet no or

, Anot her obj ect of the prese I nvention 1S oVl t

obtai ni n@ a fHéaaklgenNenbyneX IRELIREG: tde DN LoPsidChti Rpan afimlo cel |
The inventor found a DNA construct for producing such nutant gﬁ%‘f a Oint for

produci ng a gene ghtast osegmahessingu&magnutqa&nihgvs tankd accppRlish the
present invention. Further, a mutant expression product obtained fromthe
expressi on sggpermusatngomni vl delined s v-o(Drean tdatest hasesubjoaciad to
the screening for toxicity against animal cells. The present invention
provi des thhehyperowiagi0 lisensellated 260 |theen BffAnptgducdtorapiacess for
an exogenous gene random nutants, wherein a DNA construct conprising at

| east the foRMbiWPPRY (a)antd) hesint Pegtcedfragecanlani mitsertdd and fitlee

exogenou.is5 gene, nutant is produced_in the animal cell: 25 (a) a pronoter;
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, L.T., et al., Proc. Natl. Acad. Sci. USA, 83,
20 1847(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): Furukawa,k., et al.,
Immunity, 11, 329 (1999): 2-10 ). The cis-acting elements

responsible for the induction of somatic hypermutation

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



(b) an exogenous gene; (c) an intron enhancer; and (d) an enhancer

conprii sing HS3b and/or HS4 in a DNasel sensitive region. 5 Item2. The
production process according to Item 1, wherein the (d) enhancer further
conprises HS1 and HS2. Item 3. The production process according to Item1
or 2, 10 wherein the (d) enhancer has a DNA sequence conprising at |east a
DNA sequence of SEQ ID NO: 1 or 2. Item4. The production process accordi ng
to any one of Itens 1 to 3, wherein DNA sequences of (a), (c) and (d) 15
are derived froma DNA sequence of an imdunogl obulin Item5. The production
process according to Item 2, wherein the (d) enhancer conprises HSI, HS2,
HS3b and HSANaROré¢f emdZe, THE SpN@dIot:i oshprpeessMagcpedi nglfp &y oneg,of
Items 1 to 5, wherein the (a) pronoter is a VH pronoter; and the (d)
enhancer hasIBmMBNAL sege@nck3 tDHA Gl nfHaNbesequehces efl .SEGMBD NQs: 10, and
2. 25 r g ltem7. The production process according to Item5 or 6,
wherein the PNA2consPPltt | Bepwehcd. EHs3bkt. latlem 8.CelHe Tot,@RECHlia®d )pr ocess
according to any one of 5 Itenms 1 to 7, wherein the animal cell is a B cel
line animal t@i#Mo$t e 9. ethedbrodietsa, pPdées LA ddtd Indate ns, ém, &t

wherein the B cell |i i |l is_ derived f 10 B | ynphocyt
(e col B 1Tkt 16 HAREEnA0o! 6f SOBL bt AG Sin ISR ORCBPORUCE. of S

accordi ng tothny ort of TP 1o 185 (Rt HOU D colard H-chaih ¢

transgenic mice (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,

10 T.,J.Exp.Med., 135,239(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 Eup) (Gillies, S.D., et al., Cell,
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 V, promoter or Eu/MAR flanking.
However, the freguency of mutation was approximately 1/10
that observed in endogenous V,-D-J,, suggesting that these

cis-acting elements are critical or important for the

25 induction of hypermutation and that other components such



I

Item 11. A DNA construct for producing an exogenous gene mutant, conprising
at least: (a) a pronoter; 20 (b) an exogenous gene; (c) an |ntron enhancer ;
and (d) an enhancer conprising HS3b and/or HS4 in a DNasel sensitive

region: 25 Item 12. The DNA construct according to Item 11, wherein -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 5 | east a DNA sequence of SEQID NO 1 or 2. Item 14. The DNA
construct according to any one of Itenms-§1 to 13, wherein DNA sequences of
(a), (c) and (d) are derived froma DNA sequence of inmunoglobulin. 10 Item

15. The DNA gonstyucicoaceer ding o0 8RY Uighcd:d e@&aﬂﬂqg 14 V&b@rﬁian the
(d) enhancer conprises HS1, HS2, HS3b and HS4. 15 Item1

construct aceohahdogr} o(aeyt@ﬁgs@fﬁ | sepsetlallQ, I Natthrer eizn g, fl%s( 6])99!’@)r Qnot er
is a VH pronoter; and the (d) enhancer has a DNA sequence conpr|5|ng DNA
sequences of DSEQRVACING:, dt and.2. EQr. t 6m ThmiF IDNA 2DNStLawst(1@a9r:di ng
to Item 11 or 12, mherein the DNA construct is pvehc3' EHS3b/4. Item 18. A
kit for produtehenserocBssebf adn, eXdgonous ,29,¢RRO (TI0&Nt 20F 291 ogidgihig an
expressi on product of a nutant
5 be responsible for high frequent somatic hypermutation
(Sohn, J., et al., J.Exp.Med., 177,493(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 QF THE INVENTION
In order to identify the component(s) important
in raising the frequency of hypermutation in IgH gene, the
present inventor employed a RAG-2-deficient (Recombination
15 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 microinjected 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 frequency of somatic

hypermutation in: Vy-D-J; of the transgene revealed that

25 the insertion of DNasel sensitive region 3b (hereafter
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-10 gene, conprising a vector having: (a) a pronoter; (b) an exogenous
gene-insertion site; (c) an intron enhancer; and 5 (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. 10 Item 19. The kit according to Item 18, wherein the (d) enhancer
further conprises HS1 and HS2. Item 20. VH17.2.25 pronoter having a
sequence of SEQ ID NO: 14. 15 According to the present invention, an
exogenous gene is introduced into the system controlled by the pronoter and
enhancer of an antibody gene, and therefore a gene cluster having frequent
and random nE$3h) orsidyar bRSObt @iaEidemd B. pradlictirondphasess. f ogeaksani nal
cell Iine 20 nmutant in which a mutation is widely introduced into a peptide
or protein iBeprov22E2(19%s: | Mickapbssnpl .80 tgty 4D.) nRueveiandcahignge a
function of naturally occurring protein. For exanple, it becones possible
to devel op nBestype3of 98Nt P vt - iAsilendaigman Vi.matowdd ,f Inauinon . Agaiapst 25
antibiotic resistant bacteria, agricultural chem cals, or -11 i nproved
pepti de pharhtcevt? £ 27 hatd nif)a eduass fuansiono s omadhi cadviortreutetdnnand
growt h hqrnone. Moreover, by using aninmal cells, it is possible to carry
out a toxicity screeniffy Iw e e Inresenll davesdion isnd o paostidee 5
the primary toxicity can be exam ned and the quick creation of various
nﬁ@&x‘ﬁg

peptide productd WHGEHGa PEACEFDndrry & B JBET}C i s WREESi ried PNA

He ft i his speci.ficatiopn, the r .esentation of am no acids,

peL??degf ngénééﬂﬁg%cég{ Yb&ﬁﬁcl%iémﬁﬁﬁéfdanau hEYPEkS Hy“ﬁﬁﬁF%ViaPpon
hal | foll S AC-_| U I UPAC- I.UB Caonmuni cat Lon

Bi ol ogi cal OV\N%%%&’P%) \JP@AO SgLeE,EEBi Sbhgr%(t,r ?@%A}?Q%QS‘%‘ Gl aEPH4 for

the preparatiQRaffe SPEeEl i CALLOD 200 QINRIRE 2h0LNY 2 DABE, Fequgnce or
an am no acid sequence"

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 expression 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 Items 1 to 20.

Item 1. A production process for an exogenous gene random
mutants, wherein a DNA construct comprising at least the
following (a)—(dj is introduced into an animal cell and
the exogenous gene mutant is produced in the animal cell:

25 (a) a promoter;



15 (edited by the Japanese Patent O fice) and the conventional synbols in
the art. The synthesis of DNA, the construction of DNA construct containing
an exogenous gene (e.g., an expression vectox), the preparation nethod of a
host cell 20 transforned 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 (Ml ecular d oning
2d Ed, Cold Spring Harbor Lab. Press (1989)i Continuation of Bi ochem cal
Experiment 25 Course, Genetic Research Mgthod I, Il and |11, Japanese -12
Bi ochem cal Society (1986)) or gene reconbi nation techniques (refer to

€. g., Sciencep) 224, eddfdnddd8fbrie Bi ochem Bi ophys. Res. Conm, 130, 692
(1985); Proc. Natl. Acad. SC. USA., 80, 5990 (1983)). 5 In the present

i nvention, a(outamtimtefelSseilargeds conpri sing a random nut at ed DNA sequence
of an exogenous gene or an expression product having a nmutated am no acid
sequence encodedalny enhantom auhat edigenélS3bheamdtant Hpr oduct 4 OMNaRean
animal cell 10 according to the invention can be achieved by preparing a
DNA const r ucsepsbvidedréyiame i nvention for inducing nutant (reconbi nant
DNA) that can be expressed in a host cell containing a gene encoding a
desired pProtein, and introducing the construct into the cell. 15 In the
speci fication ~~introduce a DNA construct into an aninmal cell" nmeans to

i ncor por at e AFeBxggenolyeRECFHES IangaporREDT aviceadisgl | to Thecasxpiessi on
product of tant,is_obtained by cultjvating a trsnsformant containing the
above nutan?yg?r%ﬁpéygae us® Shd 4 COAFRLLSES Fivé predHSE-from t he
resulting culture. The DNA construct for inducing mutant provided by the
present invention has a structure conprising at |east (a) a pronoter, (b)

2gn$g?gszguzg%%ﬂa%2(gﬁggﬂgéﬁéﬁggigé ﬁPgégggrac@Q9d£ﬁg &4 fggﬂnfegr 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 V, promoter; and
the (d) enhancer has a DNA sequence comprising DNA
sequences of SEQ 'ID NOs: 1 and 2.

25
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-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 nay be derived froma suitable origin
5 or chemcally synthesized. Specifically, the DNA synthesis my be

chem cal synthesis based on the phosphoram dite nethod or the triester

nmet hod, or may be carried out on the commercially avail able automatic

ol i gonucl eoti de synt hesi zer. A double 10 strand fragnent can al so be
prepared froma chem cally synthesized sigBagl e strand product by:

synt hesi zi ng conpl enentary strands and anneal i ng these strands together
under suitabltemondi tTioasproduetsicg BrEMNsPOLYOBFabeg t getben B bk &,
suitabl e priner sequence to add a 15 conplenentary strand. |In addition,
each gene cawhdeecibttlamedNAdycoresttthert ONA wxldBESHS 389 4descri bed above; or
preparing a cDNA library in accordance with an ordinary nethod froma
vector containing the gene or froma suitable origin in 20 which the gene
is expressed, and selecting a desired clone using suitable probe or

anti body spekf¢mc8to thhe gerrdydrirn MNapfesAcagcosdingUsA, 18y 6643 of1981) :
Science, 222, 778 (1983)_etc). Illustrated as the origin of cDNA in the
above 255ar el %@ ots 84 nlis Bheseins thsd anigsdesCohbr éSedctP geneli dine 14
expressed, cultured ce]ls derived therefromand the like. In addition,
separation of"t®B#al “RNA from these origins, separation and purification of
nMRNA, preparation and cloning of cDNA, etc. can be all perfornmed in
accordance 5 with an ordinary nethod. Commercially available cDNA |ibraries

h i f Lab. b dip thi tion.
Aot hod of B6rSem mo (RS gBeU PG R T e e Y | Ft cifaha Sean be

performed in,accoidance ity am gid Mraéajgt;éég%msl%eﬁa%éi 2l % piTet NOd

i
of i mmunoscreeni ng the protelns produce usi ng speci *bodi es

agai nst 1itphe @rp@g@m@cﬁﬂg seh€ctdng. t he correspondi ng cDNA cl one, plaque
hybridi zati on and col ony hybridi zation with the use of a probe selectively

conbined with a target DNA 15 sequence, a conbination of these nethods,

etc. can be used. As the probe used herein, a DNA chem cally synthesized
based on theltafiolfati Bhnmefthtefbasebsadunéngeaalf exackhsgene paovdbetgerderal |y
used, but a gene already obtained according to the invention or a fragnent
t hereof 20 canmitsmthegased Hat esbaessinby. tiBensxogenmes oyeramt MeeRIE
primer designed based on the base sequence information of exogenous gene
can be used @Rtalpedbeyfbhesweebadngccargingi AP ADEl ebei @é Jégmende to

[ 2 h f h [ h
correqugglng {g tgetaglég%\ggﬂygnce of each gene is used as the above

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



-15 nentioned probe. The nucl eoti de sequence may contain at |east 15 serial
bases, preferably 20 serial bases, nore preferably 30 serial bases, and
nost preferably 50 serial bases. Alternatively, a positive clone containing
said 5 sequence itself nmay be used as a probe. The DNA/RNA anplification by
the PCR nethod (Science, 230, 1350 (1985)) can be preferably enpl oyed for
obtaining a gene. Especially, when it is difficult to obtain full |ength of
cDNA fromthe library, RACE nethod 10 (Rapid anplification of cDNA ends;
Journal of Experinental Medicine, 12(6),.935 (1994)), especially 5 -RACE
method (M A Frohman et al., Proc. Natl. Acad. Sci. USA., 8, 8998 (1988)),
etc. can be pref eapbbiyhadopt edurMien thg AR M8id0d, 6 @dopted, the priner
used 15 may be designed based on the gene sequence | nformation and

synt hesi zed in accordance with an ordinary nethod. The anplified DNA/ RNA
fragnent may be separated and purified in accordance with an ordinary

met hod as destembed.abats INK exasprecgehcebeathgpher esiem 20 fbe 12,
sequences of the genes or various kinds of DNA fragnents obtai ned above may
be det er m nedhéncaccbhdande enhhnean hadi aaDKATRidW@ndeOcompaiBliagt ke

di deoxy procedure (Proc. Natl. Acad. Sci. USA., 74, 5463 (1977)) and the
Maxam G |Ser east hodDXMes¢oeenéan @6 B VIDINGyy,1 65, 2499 (1980)), or nore
easily using a -16 conmercial sequencing kit and the like. (b) Desired
exoaenolLS _eg ne In the constituents of the above-described DNA 5

construct, the DNA used as &b) exogenous gene may be either an exogenous
DNA sequencelt8Pi vad fFof BNleSPrabryehea6FORATRIpERSSRY PR6t 6ifn WleMsh i s a

basi s for inducing mut.ant ., O e DNA used as exqgenous gene may be
synthesized.g#hg IgaﬁPWQﬁr?ﬂb %&%g@ﬁgﬂgnﬁﬁﬁeogsé§HWN<QM The préséde

production p f t be general | K% rr.less, preferably
3Kb or Iess,&%%fzé%rgigﬁa |fﬂgr%%ﬁ%ﬂﬁﬁigxgd?mﬁﬂxﬁﬁé’éﬁ&&s DNA sequence

having tige | ength nore than 4Kb can be al so used. The exogenous gene is not
especially limted 15 insofar as it exhibits a biological activity when

expressed. Fote®XasD! eThdr ok NcBREPPASE (EhoriDay! 8. ah)t BHEELRN,
erythropoietin, etc. can be iIFustrated. Fo?rthe&eggiSPQCEQ%kﬁgglgﬁthe

insertion ofl1exegennys ghBeeiAt ahe geapmendhnkest &fhdniddie PNA 2@sgequence
of a gene to be used as a so-called nmarker nay be |linked to the DNA
sequence of H&gbadoveH$d) exogenous gene. By using a part or the entire
base sequences of thus obtai ned exogenous gene, the expression of exogenous
gene and its nmutant in an individual or various tissues 25 can be detected
with specificity. ,

15 Item 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
sequences of SEQYID NOs: 1 and 2.
20
Item 17. The DNA construct according to Item 11 or 12,

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



-17 Such detection can be carried out in accordance with an ordinary

met hod, for exanple, RNA anplification by RT-PCR (Reverse

transcri bed- Pol ynmerase chain reaction; E. S. Kawasaki, et al., Anplification
of RNA. In PCR Protocol, A5 Guide to nethods and applications, Acadenic
Press, Inc., San D ego, 21-27 (1991)), Northern Blotting anal ysis

(Mol ecul ar d oning, 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 netiygd ( Nucl ei ¢ aci d sequence- based
anplification, Nature, 350, 91-92 (1991)) and the other various nmethod. The
det ecti on bygd¥le PR ¥ eferabiacddd wsbhvialged. The DNA fragment of the
exogenous gene is provided In the formof a restriction fragnent cleaved 15
with a suitabde & estdmaddon enzyne, that is (b) exogenous gene of the DNA
construct. Exanples of (a) pronoter used as a constituent 20 of the

above- nent i ofied DONAe:corestaure tgdrmec] iude ran onmadnegl obul i n heavy chai n

vari abl e region pronoter (VH pronoter), a pronoter derived from Sv40, a
retrovirus pfonoierintroraderiourigars grghoter, a cytonegal ovirus pronoter, a
pronoter derived fromviruses such as polyoma 25 virus or hepatitis B
virus, a°met &) ofRi Gidlangsoneeepriaing - i§3heaandtwckHBAonmt ez, DNaSRA
pronoter, other pronoters effective for the mammalian cell, etc. VH
promoter, spetfitelaie yr/#HOR 2. 25 promoter (Gllies, S.D., et al., Cell,

33, 715( 1983)f Banerj.i, ,J.,et al., Cell, 33, 5 729(1983)) are preferably
used in this ?ﬁvmlﬁﬂ.ln?hea%bmmrgfm PRERGEE, N} eedRsree a

pronoter that, can induce a nheo resi stance.gene or a tetranycin

cin
resi stance gones’ TRPAERE B St NP BE FEERE 1 i nked form of

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

enhancer further comprises HS1 and HS2.

Ttem 20. VL17.2.25 promoter having a sequence of SEQ ID
NO: 14.

15 According to the present invention, an exogenous
gene 1s 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 improve 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



10 two or nore. These various DNA pronotera are known and the avail abl e.
sequehces of the above information thereof is 15 (c¢) Intron enhan~er An
intron enhancer is a DNA sequence that can adjust the transcription and
contai ns the sequence of unexpressed region intervening between the exons
of heavy chain JH gene and Cu gene. Heavy chain enhancer (C~ 20 enhancer)
and kappa chai n enhancer (K enhancer) of immunoglobulin can be illustrated
as (c) intron enhancer. (dl Deox~rribonucl ~ease | (DNasel) sensitive region
A DNasel sensitive region is a region that- 25 undergoes fragnmentati on when

t he nucl eus of an i sol ated -19 cell is treated with a | ow concentrati on
of DNasel. limndhe &a id Sbat i N dheavys ¢hk N 9886+ o HSEHS2 o HS3b
and HS4 are kﬁ%mm. H 3&?2 is both or either ofakgg% %ng HSE. %HPS§$ﬁeention

is characterduzad a9 fmedr 453 Fax{&gjﬁw@m{&rmdﬂ% r egireBvake/ by ﬁ%%gi ned.
In a preferable enbodi nent, HS1 and HS2 (these are referred to"as 3'E) in

addi tion to HS3andkansHS4iared npbedediel |ﬁ¢JSTcra&tr§'d asta 3' EbR3bA4yi s a
sequence w thout intron sequences, conprising Xbal fragment (4. Ckb) ¥r0n13
10 enhancer shissdroigeyl by ldreherlsonelRs etimalltanEMBO1v]. ,add, t6228¢3985))
and HS3 (1182bp) and HS4 (1381bp) from MP11l di scl osed by Madisen, L. et al.
(Genes Dev.,tl8s 2202ngxP094)9x1icls yCormeact iben efxagdcledy medpr épar atjudnkof DNA
const _ructl The DNA construct of the invention can be prepared for exanple
by insertinfRah T vheaporsd esptiised ryasestisnthevanguiat finetérprddyi on
vector in accordance wth an ordinary nethod, for exanple by 20 inserting
each el enent™ R e AR Havidtdaddi®abl e anti biotic resistance gene.

Specifically, the DNA construct can be cqnstructed by inserting the
pronoter, the exogeno eﬁﬁﬁééeﬁtmeiyﬂront%ﬁﬁhnceFPeFﬁélﬁﬁééépfsensFPFve

(o0 o 1 el g 0B Seonecantl SN e B0 Bl LRRRRELY |,
S ees L L EAS SO DA 90,2 BLESTLS, Dl AR A £ESL kN
the provision of IUPAC-IUB (IUPAC~IUB Communication on
Biological Nomenclature, Eur. J. Biochem., 138: 9 (1984)),
"Guideline for the preparation of specification and others
containing a base sequence or an amino acid sequence"
15 (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
exXpression vector), the preparation method of a host cell

20 transformed by the DNA construct and an expressed protein
secreted by a host cell, etc. can be easily prepared or
obtained in accdrdance with general genetic engineering
techniques (Molecular Cloning 2d Ed, Cold Spring Harbor

Lab. Press (1989); Continuation of Biochemical Experiment

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



havi ng an optional antibiotic resistance gene. 5 Specifically, the
insertion can be carried out.in accordance with an ordinary nethod using a
restriction enzynme, ligase etc. In the desired reconbi nant expression
vector, an intron enhancer and a 3' EHS3b/ 4 enhancer nmay be 10 constructed
in the sane direction from5' end toward 3' end, in the sane direction from
3" end toward 5 end, or in the opposite directions fromb5' end toward 3
end and from3' end toward 5 end. In the above DNA construct, the interval
bet ween 15 the pronoter and the 3' EHS3b/i4-enhancer interveni ng an exogenous
DNA may be 0.1 Kb to 100Kb, preferably 1Kb to | OKb, nore preferably 2Kb to

5Kb. An exarpiectdmidLrl er @lca e pr e33boB) YeCtOF | gdrid I OHekdimby 86k 9bn More
specifically, pIND (Invitrogen), 20 pcDNA3.1/H s (lnvitrogen), pEG-P-N,
pEGFP- C ( d ordcuoh)qued c.(rederbetol laisi rat sdichAreexadpl e df43the (DNA4) ;
construct containing (a) pronoter and (c). intron enhancer is an expression
vect or cont adivchenvH Birapihntser Rewd idummon diifanc®? ddé@sdi;n@roa . 28athe
present inventor and others (Azuma, T. et al., Int. -21 | mmunol ogy, 5(2)
121-130 (199893d. 19ci s Yirefertdbl YpAed 1983 )pr-epari ng the DNA construct. In
t he above expression vector containing a pronoter and an intron enhancer,
the promSter is 5 posillobled Brespde dpyersarnef a Hatarsgerpisryehe a

ordi nary induced, and the exogenous gene, an intron enhancer follow in this
or der . gene comprising a random mutated DNA sequence of an

€xogenous 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 product from the
resulting culture.

The DNA construct for inducing mutant.provided
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
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When the above vector for preparing the present DNA construct containing an
exogehous gene is nodified to 10 contain a pronoter, a cloning site for the
i nsertion of desired exogenous gene, one or nore enhancer necessary for

i nduci ng nutation (especially imunogl obulin enhancer as well as intron
enhancer) and DNasel sensitive region, it is effective as a DNA construct
in a production process 15 for an exogenous gene nutant or in a kit for
produci ng an expression product of mutant gene. The present DNA construct
may be a circular DNA or a |linear DNA. Thg-checki ng of whether the present
DNA 20 construct is attained can be conducted by an ordi nary nethod, for
exanpl e, by ehéddsrngSthéncandNagel Wwehi3id ikes trelaGlon0RnNZA4HE NG a4hiect i ng
it to the el ectrophoresis, or by conbining PCR, Southern hybridization and
sequenci ng, produ@&d or2@btaimeriogugdnera promes serigim e iexp gendns q@ene,
first, the DNA construct resulting fromthe above nethod is introduced into
a suitable host cell tBoobtaen préparmtplaygous eecbnyarant (DEXaNphe tdfe t he
host cell include eukaryotic organisns conprising cells of manmali an,

yeast, plant 1BAENERen} | kke pancampiabeceeirs veld aomala s idrad s efmrcl e.
Preferably used as such_ cells are established cell lines 10 to be
transformed PEgERRBECHM Y BYHERRIFFeANt that can nmake the nutation nore

effective, COS cells from nppke Cell, 23,175 (1981)), Chinese hanster
oocyte, Hela cells, RatPFCHtbr st the PHBnSYPFhesRal Meyi tifelGhaRical s and

b3 DA of Bl BERehe8uh gy oot o B Mt Ao d8a Sy B T
e ot 1o FETRHEL: e, AT o Bl Byfelly L0F AR,
oones Shehars gttt sph s A yassLyiell el onl b
body cande 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 wusing 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 library in accordance with an ordinary method from a
vector containing the gene or from a suitable origin in
20 which the gene ié 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).

Illustrated as the origin of ¢DNA in the above

25 are various kinds of cells and tissues where each gene 1is



!

al so used as host cells. As a result of introducing an exogenous gene into
t he genone of a host cell, a transformant transfornmed 25 by the DNA
construct of the present invention can be -23 obtained. Such introduction
of the present DNA construct into a cell can be carried out in accordance
wi th various nethods known in the art of introducing DNAinto a cell, 5 for
exanpl e, el ectroporation nethod, cal cium phosphate coprecipitation nethod,

| i posonme net hod, DEAF dextran method, m croinjection nethod, virus
transduction, etc. The el ectroporation mpethod is preferably enpl oyed.
Exanples of the cells to which the present DNA 10 construct is introduced

are fertilisegpoyysad enbnyour&er setetl geandelihenkikerodhaninthadugtion into
cells can be perforned in accordance with an ordinary nethod. Wether a

nmitant is oblai agdieionpt separbeieheaeed dnaknovw FEbROGhe@eld oMl)yin@ndom
sequence nmethod or 15 by determ ning the activity of the product expressed
by an exogensesageneomndarse| qoitinfi ddtel @ne ohosRNEGE | \Prigpadratdidif eewt from
that of the exogenous gene. Alternatively, it can be selected based on the
st andard act¢tVoninandfi cdNdegrte,. ararorbavhat hepetrfiermeti int yadco ruaglveor

|l ow. 20 The isolated formof the cell itself containing a random nmut at ed
gene trapsf ovield v@n h omiddnelsyecnethodenouSoDNArcaalby |anpa bivaul e ptDNdes
having a better function related to human exogenous gene. Therefore, it can
be utilized H3PE2BHAF ntiedutd T AN rl igaawifipn Kd 28 esthatletof Wicses9e- - and

as a nodel sgsten1for t e,therqgeutic _
e used 1in this 1invention. A method of screening the gene

from cDNA library is not limited and can be performed in
accordance with an ordinary method.

10 Specifically, a method of immunoscreening the
proteins produced by <c¢DNA using specific antibodies
against the proteins 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 wused satisfactorily. Sense primer or
antisense primer designed based on the base sequence
information of exogenous gene can be used as a probe for
screening.

A partial nucleotide sequence corresponding to

25 the DNA sequence of each gene 1is used as the above-



-24 study. The resulting transformant can be cultivated in accordance wth
an ordinary nethod. As a result of the cultivation, the object protein of
the invention encoded 5 by a nutant of exogenous gene is expressed and
produced (accunul ated, secreted) intracellularly, extracellularly or on the
cell nmenbrane of the transformant. Various comon cul tures can be
appropriately sel ected depending on the adopted host cells and used for 10
the cultivation, and the cultivation can be carried out under the suitable
condition for the growh of the host celjs- The reconbi nant protein of the

i nvention thus obtained can be separated and purified if desired, by 15
vari ous sepa{a{didhl aseshy es Ll Lzl awsi cal hem rties of
t he reconbi nant proteﬁ%(Refer ?%éebg?mgﬁggﬁgnggﬁp%%ﬁ%t§EE52£O$§QP§1% - 1259,
Edition 1, lssue 115 p@akﬂame%a@és@é\/@ei@ﬁ%}y Dopi drddn 3§asés980%{

Bi ochemi stry, 25(25), 8274 (1986): Eur. J. Biochem, 163, 20 313 (1987),
etc): Speci fareeidnakllyl B rodeich lashd $us ,abave PE € ePuE Lo 481 $OBDDEerial
reconstitution processing, processing by protein precipitant (salting out
net hod), certasesugal Aepanativelypsmntposstivek mebhed,cadtdasiony cakian, 25

ultrafiltration, nolecular sieve chromatography (gel r -25 filtration),
adsor pti en @fawemRcsyidaself may dechardeashmopmbbgraphy, affinity
chromat ography, various |iquid chromatographies such as high performnce

i qui d chr omat ogr aphy ThiaPLENA/BNA| yanelifheakiewntinattihen PH& eméths&dFor
exanpl e, affjnity chraomatography using a colum bonded wi th anti bodi es
specific to eeSreidtlof 178 ((APERY ) ofans bgaprrégrably pmpierad| or Thus

t he present rﬁgonbinant ex%ressi n vectfgﬁiswﬁxpressed in an animal cell to
gi ve an exod&HGUBNA, 2 1§SPEsul tFRRSFHE Yo hRtt ahit s 1eénHdedi Byl tsate DNA.

The frequen f. r m S recomhi,nant .. expr essj vector of the
i nvent i gn ig%éc'% eas Ciabg%%@?{}& xog%-cbﬂgo 585\?&1’? ijllbr Yo ePgEPed. The

resent1phnv i i4 pr.oduct. r,0 r tant _co i sing
P euRaryot el B 3553 JBROCHC IR SaB) PEBRInLR L of BURRR LneRER Lt

vect or havi m@o@;@iin@%eriﬁ%?fsﬁﬁ Qf1 981 ) §X00€ é'éi%orsﬁ@m%éogr‘ﬁ@{?ffé gene

to achi eve the expression of an introduced sequence or a gene nutant.

20 Accordi ngM.a.t Fecpiesert RLQJUOtben Reegesachar 8chutesh,, agpephbsge
having an antim crobial activity but unavail abl e because of Its toxicity to

ani mal cel | 1088)be ietpr.oved be pre¥edabapn adbpaedrobi al peptide having | ow
toxicity to animal cells and higher antimcrobial activity.
When the PCR method is adopted, the primer used
15 may be designed based on the gene sequence information and
synthesized in accordance with an ordinary method. The
amplified DNA/RNA fragment may be separated and purified
in accordance 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 determined in
accordance with -an ordinary method, for example the
dideoxy procedure (Proc. Natl. Acad. Sci. USA., 74, 5463
(1977)) and the Maxam-Gilbert Method (Methods in

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



[

25 Simlarly, it is possible to make an attenpt to inprove or r -26
change the functions of proteins such as naturally occurring interferon,
grow h hornone and the |ike. Therefore, a useful nethod for devel oping
agrochem cals or inproving the function of pharnmaceuticals or the |like can
5 be provided. Mreover, the invention provides: a kit for a production
process of an exogenous gene mutant; or produci ng an expression product of
mut ant gene, conprising a DNA construct having an insert able site of an
exogenous 10 DNA or an exogenous gene. _Specifically, the DNA construct
conprises: (a) a pronoter; (b) an exogenous gene-insertion site; (c) an

i ntron enhangsie @ith 1% dfhler@ rgNMARCBLAC QAR hikag HS3b and/or HS4, if
necessary further HS1 and HS2, i'n DNasel sensitive region. According to the
present kit for producing a nutant, an inproved antim crobial peptide with
low toxicity to animal cell and higher antimcrobial activity 20 and
protei n phar(g Hdigald aMddenonr oeed functions such as naturally occurring
interferon, growmh hornone and the |ike can be provided. ERI EF DESCRI PTI ON
OF THE DRAW NGS 25 Fl Gn | thshowssaisubetat o€ wew abovgHisstaitbed DPRX
transgene constructsused to generate chinmeric mce. In FIG 1B, |ocations
and direéti orsnaifryst,netbeuseih t aisedpl afy the eBNicaoesshgeme bynagr r bas.

FIG 2 indicates the production of anti-NP 5 anti bodi es produci ng human Cu
from J558L c¥lihen ransrEegenowst PNhesegremer adergeads goown | deBilyedl. The
supernatants of transfected J558L cells (1 X 106 cells/m) cultivated for
12 hrs were 384} &% ! tFRISSSE USRS Sfiratdd cBodffed@ RREHSNP9rBSAdHEANT

estimating the antibody productign. 10 FI G 3A shows a reconstitution of
RAG. oo oube MRS, 2§t oS by S JERFs R cRRASTREIH e 3aY). Beand

2-3. Levels e |1 gM i re-i ne mce were neasured by ELI SA_using
pl ates coat e%r\lm %sl‘rszaetog'ant?}-l%ogggg gMoﬁDn@E?OﬁnggHPPBO(%?D%du fQbel ed
goat angh- mMyze |GMIn@NYR¥-tion process for a mutant may be

generally 4Kb or less, preferably 3Kb or less, more

2

preferably around 2Kb, but an exogenous DNA sequence
having the length more than 4Kb can be also used.
The exogenous gene 1is 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.



FIG 3B shows a neasurenent of |evels of human IgMin prei nmune or inmune
‘'sera‘using plates coated with nouse anti-hunman | gM anti body and PQOD-| abel ed
goat 1 gM anti body. Imune sera are referred as TD. 20 Antisexa from Bal b/ c
nouse and RAG 2-~- nouse 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 anal ysis of bindings of anti-NP anti bodies to plates
coated with anti NP9-BSA anti body. 25 Bound anti bodi es were detected using
POD- | abel ed anti F -28 nouse 1gG FlI Gy73D shows binding ratios of
antisera fromchineric mce to plates coated with NP1-BSA or NP12-BSA. FI G

4 shovs a speci f1c amphid R o6 & AN5aERES; B KTrPER: BB epar o

from mRNA of | gMB220+ spleen cells fromthe c Imeric mce inmunize

NP39- CCG wasy adi!drf | &k ina RCRetOd, EirmRiagpTiece R@@vgmeq&@&cae%ﬁsegndl ng
to the transgenes (lanes 1-6), and C57BL/6 mce did not (lane 7

cel | transfext-agir IRt &raand riged-ransheetast cbbanera}ac@ﬁ@nal BOsshown
as positive or negative controls. FIG 5 shows a conparison of distribution

and frequenclawdsasliainatdtc dly.perimptlatfiiom tiiont wEnRKYANe IQ0PERr BPebs otbam apl een
| gM B220+ cells (A) and peritoneal Bl cells 15 (B) . The distri bution and
frequency ofGsioimtte hppbrdst andornppl igadrisyene Aoadtmict Bréssm Ino .,
chinmeric mce are shown separately in A The scale at the bottom indicates
the am no ac¥an pdgiadon mimbet ed( 18 di ndforghegnt hSlwsthod oRnkalatiset al .
BEST MODE FOR CARRYI NG QUT THE | NVENTI ON Exanpl ES are gi ven bel ow to
illustrate t Melp@Esat iIGAAIHNDN iG91Cur SPer ndet éllalrbol?ut Lt'ﬂﬁ’ey dA88800 + 25

intended to Limt the sco f_.the invention.

Const ruct i ordFeFiGen r%tns‘g%% SLerThat#ing +§ FF@H) REaPF% nguﬁémaﬁ\céﬁisvm th 5
different 3 fIanqug r;@g&n§1g§r§1539§5rgﬁ&gdln 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 is
provided in the form of a restriction fragment cleaved
15 with a suitable restriction enzyme, that is (b) exogenous

gene of the DNA construct.

{a) Promoter

Examples of (a) promoter used as a constituent

20 of the above-mentioned DNA  construct include an
immunoglobulin heavy chain variable region promoter (Vy
promoter), a promoter derived from SV40, a retrovirus
promoter, an adenovirus promoter, a cytomegalovirus
promoter, a proméoter derived from viruses such as polyoma

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



o f

x A fragnment containing VH17.2.25 pronoter 10 (0.55kb: SEQ No.l4) with
Festriction enzynes Kpnl and Apal sites and another fragment containing

Eu/ MAR (1kb) with restriction enzynmes Xhol and Sall sites were cloned by
PCR fromthe construct [plasm d having chl oranpheni col acetyl transferase
(CAT) gene controlled by VH pronoter derived 15 from VHL7. 2. 25 and by

i ntron enhancer (J-C intron enhancer/ matrix attachnment regi on (abbreviated
to Ep/ MAR)) between restriction enzynes Xbal and Xhol sites of pBluescript
SK(+)], which the present inventor pr e\Lilchst prepared for generating CAT
transgenic mce 20 (Azuma, T., et al., Int. Immunology, 5(2) 121-130

(1993)). Acchisi timaf \gfromgtér aege éR& BrofittedNe Jegt apgedoveye- JH
gene fragment (2.Ckb) containing restriction enzynes Apal and Xhol sites

was 25 al so of eaedhi iy RER UshBY AagiRARAE DNATromwS, a v, - 3Rchvkeidoma
produci ng anti - (4-hydroxy-3-nitrophenyl)acetyl 'monocional ‘ant i body

(hereafter rgfesietdnlpsvam iz NS mpreabeeal eseiibogy) shat, |Se’@b'fa§| ned
from C57BL/ 6 nouse(Tokyo Ani nmal Center)(Taketani, M, et al., Mol

| munity, 32eBB3 ( 3B993p (19685 ukaimnde] i, etJaJet , allmmnlct@'ll,ll 3329
(1999)). These were cloned into Bluescript Il SK (from Stratagene) in order
of VH prénot'62? (M3 D-)J Hexege e e U/ WAR e dL G nAGeisi dnvieotiioh-human C-_gene A
6.9 kb Xbal fragnent of human Cu gene was obtained from a :phage cl one,

CH. H. | gu- 24 (TakahashiThe\,abaste gpromageTei BaNcinslm@s, , f8r 5588PL€938) -

Heal th Sci ence 15 Research Resqurces Bank). Acquisitjon of ~' enhancer A

pl asmi d (L| dDEPRQYET REhakt cap. Ingdyge, 2 neemyisy (A5 jancmt S¢HE n§ T XBal
fragment Ckb% of 3 20 e hancer hereafter abbreviated to 3' E) was

obt ai ned fro‘h‘? PG \REF S F.9%%" (Harvard Medical School). Fragments

contai ning HS3b (I.2k | cat d as .SE No, 1 and (1 di cated as
SEQ No. 2 were cl oned E%/ ?3(3(19 s gropﬁcitrreerr%s |ﬁ’d| Cated as éé@ls(l%i fnto gfand

genom c {BNA 25 fgoma-B cel | - I ynphoma, MPCL1 (Madisen, L and G oudine, M,

These various DNA sequences of the above
promotera are known and the information thereof is

available.

15 (c) Intron enhanger
An intron enhancer is a DNA sequence that can
adjust the transcription and contains the sequence of
unexpressed region intervening between the exons of heavy
chain JH gene and Cup gene. Heavy chain enhancer (Cu
20 enhancer) and kappa <chain enhancer (x enhancer) of

immunoglobulin can be illustrated as (¢) intron enhancer.

(d) T | ] I (DN I) - .
A DNasel sensitive region 1is a region that

25 undergoes fragmehtation when the nucleus of an isolated



-31 Genes Dev. 8,2212(1994)). In each prinmer sequence, recognition site for
‘Spel ‘or Xbal restriction enzyne is underlined. SEQ NO.3: HS3-S:

5' - TCTAGAACCACATGCGATCTAAGGGATATTGGEGEG 31 5 SEQ NO. 4: HS3-anti Spel:

5' - CAGGBCTAGTGATCATTGAGCTCCGGECTCT AAC-3' SEQ NO. 5: HS4-S Xbal

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

5' - GTGGACTAGTAACCTTGGAGI TAGGTGEGT 10 AGG 3" These fragnents were linked to
the 3' end of 3'E, in order of HS3b and HS4. 3'E, HS3b and HS4 were |inked
in tandem wi thout any intervening Ig i t1®n sequences inserted. 15 Using
each fragnment above, three kinds of constructs pvehc~3' E (I 2kbp), pvehc3' E
(1 6kbp) and gyehc3sEHSHA A | WD) aneer araddradrdyi dieans oNageme 1In
reconbi nati on technique. 20 2) Structural features of transgenes The
transgene cobisér weaise obf aiimedinioglobudinhnvesdiwonchanhaigenéd,r eBson ersegded by
nouse VH186. 2, a dom nant VH involved in the response to

(4- hydr oxy- 318 38lp ophéniib ¥ aeety knbapt en8SB8Bo4 hiel bptA. brMeitéeralof, HXEH , 25
24,625(1981)). -32 The nouse VH186. 2- DFL16. 1-JH2 gene rearranged from A6,
a hybri doma prddéi&i4ng nBhbel dmalengrioinbody abairasterized in that HS3b
(4-hydroxy-3-ni trophenyl )acetyl (Taketani, M, et al., Ml. Imunity, 32,
983 (1995 : FegiRawaanR/oret HYd | mqiffuni @ye44s 3200198098d. was Einkeéd to
human Cu, thereg% fafilitatigg a discrimnatigon between encoded transgene
and endogencBEShBtRRI% SPRodyBeRt ontlShsahfeHExpri&bsrsn 28 tedssgeseton B

|1 f 1 ght..ch he, d I f t Bcell, 10 t,

on was. T onBled Fomid P8 bFEbntd nE ko BEL R GP% | ARSgee TG
|l f h i ally Cu iy

ncodi ng. of her FEEFALRIY 281 yheS, PRIt hr 88 1 nasdbrts RLEERbEC o

cont i ned. 104.phoBB1 € cBRG-ESL MR hof MPUsemdnOD (1! 9B, 25 ggleRaCtying

el enents, which had been used for~ CAT transgene construction uma, T., et

al ., Into | nedRghcer 5d134163883dy - LTbBEetoR e, rdi bkenencazmpt . t e strycture
of the transgenes were restricted to the 3" flanking region 20 ( |g.i). One

of the const 6229 $19pyeNCcaddE HIRACkeUsBopenhadcaeiss egidplignd wasmdmpian by
VH pronoter and Ep/ MAR. Anot her construct, pvehc3'E, contained 3' enhancer
(Li eberson, ®isetos¢d, dsMB®Wadisehs, G229€19958)) i (Geadkh t Den.25 80 A212

pr onot er and(fgé??ﬁ. The restriction enzyne BanH -33

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 1inserting 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 HS3b and/or

25 HS4 and if necessary further including an enhancer



t

fragnent (4.Okb) containing 3 enhancer (3'E) was used for the gene
‘const’ruction. The addition of HS3b and HS4 to pvehc3' E gave rise to a
construct referred to as pvehc3' EHS3b/ 4. 5 Endogenous | gH genes cont ai 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. 10 Today, 18, 549(1997)). The transgene
constructs of the present invention didoyat contain this cis-acting

el ement. Exanple 2 1) Transfection of IgH nmutant genes (Lundblad, A et al.

15 | mmnocheéangﬁrlys&g B4 H Ade 'éﬂxf JPOBEr G| ésveﬁgoﬁr‘&%@fqg}’ a

production To tlmatethetranscrlptlon activity of these three

constructs, ddionNINAIGS é“ﬁﬁ%éhﬁ%ﬂ&ﬁﬂ%ﬁ¥jdp%ﬁ%n%l”@%%%r1E&@%HB%M%9HB cell
i ne, J558L cells. 20 Linearized IgH gene constructs (10g) having a

restriction enzypecNetlz&@F0gRALbI QN wedomeriCeguiFiceCtAtinl cell line
el ectroporatation (Sahagaw, B.G et al. 1986, J.Immnol., 137; 1066-1074)

i nto J558L dedding ogetdariomdlh aatfildotiid pE¥2sgphcel géug) (I\/UI ligan, RC &
Berg P. Science 209; 25 |422-1427 (1980)). Specific condition of the -34
el ectropébration is as Smpdidugallllyst rimenins&neoRulcser KBl GaRADRd out

| aboratories) Conditions: Buffer: PBS 5 Cells: J558L 2X107 cells/m in 0.5
m PBS Li nea¥t zzeconienegHvitlanggened{nauy) mahdogsvaiggt a( Ikestig)cRéast i on
condi tion: capacitance (960uF), voltage (350V) 10 The transfected cells
were cul tivaReeyeg, T3se ter’F§ presence of CI)Z (5% and a m xture of

hypoxant hi ne, xant hi ne_ an henol i c aci.d Limti n% di lution of
transformants of a ergP L1 r@&s&@p VEREOLr 0RBs wer e

sel ected basgd on anti rodu |on caII the product aon of
anti-NP chi metic°%nt 8 89 uré‘d é@é&%ﬂ(ﬂ@ FOCES: (Y be

quant i t i Ve Al yisi S &nttmogs{nperogygéwfo SPUEnCliones, of « Li.apgf gy mant

|nduced rom ea ransgene constTuct were cultiva f or rs'ina flat

20 bottomed gbsholg Qhét Sate! ki RRM3GA0 ApReli wim (4,04 af oyQL4NE: 2RAA SN ssui

Phar maceuti cal Co., d.) containing 10% fetal bovine serum (FCS), at the
concentrati oy ofne Xpbeéleel bshebtidhe Gubhure samertaiary gi | uhad ahe

various concentration with phosphate buffer saline (PBS) 25 containing
1Ing/ M bovi nEr&erim eddumbwa BS3X) evab. anal yzed
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 1lKb 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 V; promoter and intron enhancer according to

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



-35 by ELISA using a polyvinyl plate coated with NP9-BSA. Peroxi dase
(PQOD)- | abel ed anti-nmouse 1~1 chai n anti body (Southern Biotech) or
anti-human ~ chain anti body (ZYMED) was used for detecting bound

anti bodies. 5 The result is showmn in FIG 2. Transgene constructs were
designed to encode chineric H chains, possessing the VH region froma nouse
anti-NP nonocl onal antibody and the C region from human | g, which were
expected to assenble with nouse 1~1 chains and 10 give rise to anti-NP
chinmeric antibody. All constructs were gctdively transfected in J558L cells
and produced anti-NP antibodies by pairing with endogenous Al-chains. Anpng

these const ryghsno RGNCOS (£ s@gwqu,ora(tl@@@ geaqut PIOAPEEEQPaEOPPALEd W th
15 the others. The additi on of 3'E (pvehc3 resulted in a significant

increase in &t i hosya Pirafluaid ONA twm\te;ructf,urt her addition of HS3b and HS4
seened to have no effect on antibody production. Although little

i nformati on was avail dail e wtencebobiveg ethkprdepestlencectodr t rase indinigonaon 20
t he copy nunber of each transfected DNA, the inventor assumed that the
anount of amprdodyeprodudti am refhecded eheatrcangcritptd onatomctewi t ysof the
constructs, which did not differ significantly between pvehc3' E and
pvehc3' EBS3pdsitioned 35 Exiaep | up S rianGarfe rtdid @xogfenchisngiene mircgnary
induced, and the exogenous 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 DNasel sensitive region, it
is effective as a DNA construct in a production 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



To generate chineric mce, the present inventor enployed at |east two

i ndependent transfected ES clones 5 for the mcroinjection into RAG 2-~-
nouse bl astocysts. The inventor also used at |east two chinmeric mce/
transgene constructs for the analysis of somatic hypernutation. The
transfected ES cell lines and the chineric mce used in this experinment are
shown in Table 1. 10 The EcoRlI fragnent of pGKneo (I|.5kb, lug) and the
three kinds of l|inear-chain IgH transgene constructs (30ug) in the sane
manner as in Exanple 2 were el ectroporated into 1X10' of El14-1 cells (Kuhn,
R et al., Science, 254, 707 (1991)) using a Bio-Rad Gene Pul ser. 15 The

transfected M&Wﬁ%h 418 (150ug/ M, G bco). The
sel ect ed col’onres wer e screene Y. using two primers indicated as
SEQ No. 7 and 8 that cap, be Bybahdized HRoPMAsSeRYenses.Losahsds i Behhe
VH17. 2. 25 pronoter and JHZ;BanduSout he?nobl otsti ng 20 u?s%n% hurrSanaal gene as

a probe, respaedd vetye SER) Nonéirlct GHeEACSNGAGCTHRT AR - 3bowEQnben8q
5' - GGTGTCCCTAGICCTTCATG 3" PCR anplification was performed for 30 cycl es of

95C for 30 siec, i6%Colaced0 satoand BRGtawlel AbB: ThelR5 wopypruaber aof
integrated pvehc3' E was calculated to be 2 -37 to 3 by Southern blotting.
The copySnurtzercsl afoust hercdmamagenes pvehc03' E and pvehc3' EHS3b/ 4 were
estimated by the PCR anal ysis using DNA from pvehc3' E-transfected ES cells
as a standard. 5 2) Adtx{argdyesproflucthenhostchecekli cintilosleESeng&hryotones
containing the IgH transgene were injected into blastocysts from RAG 2- ~-

m ce (TakahastganigmsetCeurriNng efellari ot rewmal Ban 5988¢9080p)anhdand
transplanted into uteri of ICR foster nothers (8 to 12 week ol d, CLEA Japan
Inc.). Conpl@ientaketybst taeiBahufel 5§ sPémiye ldan saxpdrreéerpble.

originated fromES cells in chinmeric m.ce was test by flow cytonetry
after stai nigrfger%qﬁ"k@d 8556 S PEUSHT CoR0E T b%%l@aetg]rl%?e&é Trell T4ges
B220/ SA- kI TC. . POD- |.abel sheep, ant i muse . u- chai n, anti.bod s ,used for
the det %Eti gtno oP Sbuiit Sﬁ r|Hb(:"o°fcalli E%C:'et%?rar‘?' t;l;lzi%g déaﬁteirg%aflgé Y@‘v&i%gcﬁﬁman
Cu, plates C e i h ng, | g nt | t

Bi ot ech) angﬁgngggélgggkggogn??ﬁﬁﬂa%£¥ggjnn%bcpgﬁafkgﬁgybgggw(Qébgﬁy was
used for detgeding Lpund antdddadi esh i Hag L Wakidte rsupernat ank1af 43981
transformant, human Waldenstronllgwl and anti-NP | gM fAonocl onal anti body

B4-3 were usedt@s €9Bk6BLasgd}i Radirnitady Tobhgl 1epised1ESmCedd B1 ANdnd
chinmeric mce -38 ConstructCell cloneCopy nunber Chi meri c nousepvehc D 3'

E3-8 its dihydrofolate reductase defectives (Proc. Natl. Acad.
9<33- 23- 88<33-4pvehc3' ENo. 6<31- 1, 2/ 3A- 4<3A4- 3pvehc3' EHS3b/ 425- 2- 5<32- 125- 2-
2<32- 3 ASbackcir.oss Wekh CB7BL/ 62housélB8) rarri eih outh¢o easai neft hen
germ nal transm ssion of the transgene, and the DNA was extracted fromthe
tail of the Q%tsqpltjis(@qmggél line, 1t is preferable to use but not

limited to, for example T cell or B cell line animal cells,

especially pre-B cell line animal cells, more specifically

J558 cells and J558L 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 Dby the DNA construct of the present invention can be
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5 to anal yze the generation of chineric nouse based on whet her the
transgene was contained or not. 3) Immune and anti body production In order
to exam ne whet her the i mmune system 10 was reconstituted with the

| ynphocytes derived fromES cells, the anbunts of IgMin the pre-inmune
sera of chineric mce A4-3, 2-1, and 2-3 were neasured by ELISA. The result
is showmn in FIG 3A. Irrespective of the kind of transgene, detected
anounts of nouse IgMin 15 all the sera fromthese mce were simlar, but
smal l er than that in a normal BALB/c nousg. Next, NP39-chicken Y globulin
(NP39- CE5 and NPBSA having a different NP value were prepared in the sane
manner as i n Aei{m.gt al. (Azuma, T. et al., Mdlec. 20 Immunol., 24,
287(1987)). CFA (conplete Freund' s adjuvant: Difco, -39 100ug/ nouse)

i ncludi ng (4-hydroxy- 3sud r 9pbesdh¢aeeh Yb rehidkeprdsghobuhin dheraafder
referred to as NP39-CGG was adm nistered to the chineric mce, and the
same anmount ohtaddi tedhakahnBuneawas eddauni Sheretdisiangel FAth ReaRlet e 5
Freund's adjuvant). Three days after final admnistration of PBS including
NP39- CGG, amméskesds wenewnoliheched drmtom hent rodund zegl DNAeinfbe amiced lyer e
then sacrificed and tissue sanples were obtained. Plates coated with

NP1- BSA & NRi6- BSfamgre usdecifdporameasurnaghode peabaicin omphofs cdvatie- NP
antibodies and the affinity maturation of these antibodies. POD-Iabel ed
sheep anti - nBeBEC¢HGE (IVIMVED) neisheded Fioosmecctietdrathe difAbodiesdramti - NP
nonocl onal anti body, F8, was used as a 15 control for an _inmmuature antlbody,
and C6 as a BBRRPSI MICLoirdEFtd@rmRRERSRal VddtiShobya{ TAReEboR, Mttt al .

Mol . | munol 2, 983 1995 rukawa, _ K. et al | munty, 11,
329(1999)). The' ‘Fﬁ%ﬁ?’foﬁ’% b ’?‘ehtfi'—‘? isyprefiey alhy l%‘&%}%’@dexpr essi ng
human CU encoded b t sgenes.in th r or.imMmune antisera
fromthe mce |nnu%|zedxﬂT? > P@g EE& waglgoﬁxﬂgng%gh £he present dﬂi

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 Dby determining the activity of the product expressed by an
exogenous gene and selecting 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 isolated 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



Hybri domas produci ng anti-NP nonocl onal antibody (yl111l) were prepared from
pvehc3' EHS3b/ 4 mice i mmuni zed 25 with NP39-CGG None of these secreted
ant i bodi es expressed -40 hunman Cp, however, sone of them synthesized
intracel lular H chain having human Cu. The result suggests that the
transgenes were transcribed and translated in the B cells of chineric mce.
5 However, the secreted H-chain products |evel was | ower than the
detectabl e I evel. Next, antibody reaction of chinmeric mce against TD
antigen NP34-CGG was exam ned by ELISA._slhe result is shown in FIG 3C. The
anti body val ue changed, but all the 10 m ce produced anti-IgG anti bodi es

i ndi cating thatgs he i nmmune systens respond to the anti-NP anti body
production. Furthernore, the binding ratio of these antibodies to NPl-BSA,
which relates to the biniRgsi o R 6c Bofs £ dasargxapinede asut RevaRagUE gNENt
of affinity 15 maturation. The result is shown in FIG 3D. As shown in FIG
3D, a contr odcaordEn @nali ant abodyr Hhaahowesked sonaki @ @it ati gpeand
had an association constant (Ka) of 2 x 105/ Mw th NP-Cap, and the ratio
was 0.29. Onctheiwitiesn hatle wehkctaprosdi20 cbnoled ohakeantohodyic6dehavi ng
2 x 10/ M of Ka (Furukawa, K.:et al., Immunity, 11, 329(1999)) had the ratio
of aroun® 1.bAld tiwtasdr aof r envgdnoesi genece sshexwrkssed | andr giriodsiced t hat
of C6, therefore the affinity maturation of anti-NP anti bodi es advanced to
the sinmilar exeewrulated,l eegicreitied)25intracalekalhymniczddagiell uUNR33YCGG
-41 Exanmple 4. doning and Sequenci ng of VH Gene Al though the i mune system
was reconsti Bt the t3el kMR siis &g ttigas foamRat -difficult to obtain

5 sufficient anount of  PNAhlI|IgG+B cells, _which are pqpul ar as %erm' nal
center cells derived fYUMASI FGELh FELFEIRBUSER? Adtor APRFIOPL 1atedy

i mmuni zation_w th N{M-CGG%'DS | een, | gVB220+ eéls which are expected to
sel ect isot y%%\ié(\a/\ﬂ% i%%peﬁ% l?@ @c%ﬁ‘?s?gg&t(@ér o%r Fsléiﬁyaf‘ﬁo\%/s% for
cytomet gy UshO9oa1FAGS: YBR! adGy ThE. SERGLESEE! bnSUSRENS] OB L1 00u SBgen Of
chineric mce | mruni Zed t h %&& wer e Tt’r eated with é0 g% o?}lam‘mni um
chloride to hRgueerRemiysiab) el NeSRIE BXPEELFERKS, 3&0@&'& SofefRealsar
treated with anti-Thyl 15 anti body (T24/40 and HO13.4) to i nduce henolysis,
and then tregéed with a rabbit conplenent. The cells were stained with
phycoerythrin (PE)-Iabel ed anti-CD45R/ B220 (cell surface nol ecul e,
pher M ngen) or fl uoresres nriegohbiaayanadiwHHInlCHfl alte) ednasht i dOUSBUSIM
(ZYMED) .
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 Boock 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 recgonstitution processing, processing by
protein precipitant (salting out method), centrifugal

separation, osmotic shock method, ultrasonication,

25 ultrafiltration, molecular sieve chromatography (gel



T B b

20 The peritoneal cells were stained with biotinlabeled

anti -'CD5/ FI TC-| abel ed streptavidin (pherM ngen) and PE-1| abel ed

anti - CD45R(B220). The CD45R (B220 ) +IgM, CD45R (B220 ) +lgw+, or
CD5+CD45R(B220) + cells were fractioned by flow cytonetry on 25 a
fluorescence activated cell sortor (FACS) Vantage -42 (Becton, D ckinson
and Conpany). In addition, as a control experinent, CD4+ cells and/or CD8+
cells were obtained fromthe thynus after staining and sorting. 5 Total RNA
was prepared from spleen or peritoneal ggds fractioned by the above
cytonmetry, using TRIzol (RNA preparation reagent, G BCO BRL) according to

t he manuf actffriedr 4 iidiot,r uchhigdspt 18 CNAoAT cBfrapaked figrn t Bachahgk RNA
using 10 oligo(dT) as a priner and Superscript Il reverse transcriptase

(G BCO BRL) .cHiumaddNaiyp! eafienetgacthPéaeoptaphed uwsidigusvVHI8Guadpri mer
of SEQ No.9 and human Cu prinmer of SEQ No.l O for the transgenes; and

VH186. 2 pri niraiatSEQdhi®sand smaiise @d phingr ofbeSEQriankk fodithid
endogenous nouse | g genes, respectively. SEQ No. 9:

5' - CATGCTCT TgTH@ECAEESA0Y3' (HEEQ)No il y5' isECABGEBCAACCBOLAGBLIBCE Bereof .

SEQ No. | | : 5' - GGCCGAATTCCATGGAGITAGITTGGG- 3" The PCR reaction was carried
out undep theoRewRRiiaq erf fomign ghyiome teigrapdyCupdngl anice lama peodeer 1

mn for 30 cycles. PCR products of the transgenes and endogenous mpuse | gH
genes were ety zRYEBYORHRT oSRegGefiEl &6t A RERIS brof i GhtedVARS1pER- 2. 1

ind sequencet® (G T 1R A s SEQ No. 12 (-0 Fo e =
Thus the present recombinant expression vector
is expressed in an animal cell to give an exogenous DNA,

10 resulting in random mutants 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 vector
having an insertable site of an exogenous DNA or an
exogenous dgene tb 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 toxicity 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
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-43 Takara Bio Inc.), M3 reverse prinmer shown as SEQ No.| 3 (Takara Bi o
Inc.) and H tachi DNA sequencer nodel 5500 (Hitachi, Ltd.). As shown in
FIG 4, the expression of antibody 5 fragnments including transgenes was
identified. 2) Somatic hypernutation of transgenes in spleen or peritoneal
B cells The frequency of nmutation was cal culated by 10 dividing the total
of nutation by the total of sequencedeterm ned base. The result is shown in
Table 2. Table 2. Miutations in V regi on sequences of spleen IgM B cells of
chimeric mce Constructpvehc03'" Epvehc3'pdzpvehc3' EHS3b/4ES

cl one3- 893- 88No. 6A425- 2- 25- 2- 52Nunber of sequence3 01851 3

02121analyz§ghyﬂ%§r Qfe MUt @t don)6d114,22 §%§@é§n§°béﬁéﬁed§§r?%%%89%1g9tati0”

iri CDRa ( )5 3 63 87 55 75 5Mutation frequenc~' 0 1 30 . 2

32 . 141. 7_&£c~dr_r1i51c%RP§ﬁ§@flfe9$n,rrut@t:wehi N HePRonel0Qing (tehal nygher of
point mutations in )/ (total nunmbér of point nutations) Mitation

frequency - THMyefddt al e reftheel HormdatdloRshly Glgebahenibhes ek base
pairs) -44 Two chinmeric mce were anal yzed. For the sonmatic hypernutation
in transgenemmpyuvirey st hyhet thrzeofM phaenbbent MEHBS. @r othbBulReCaanere 5
used. Coning and sequencing of the cDNA prepared by RTPCR were conduct ed.
The resubt il ghwowided.Table 3. The distribution and frequency of somatic
hypermut ati on anong the transgene constructs in spleen B cells are shown in
FIG 5. 10 Specific affsidgdvsati obhef infentiensgoresidhas te tid combi aed use
of the prinmers was observed only in the spleen cells fromchineric m ce,

but not in tRRREIGHER CIMBRIES T cef i ndlini 28EIRNPAS NPIBLEGENUFANGddI Piron, i t

was observed that all the se%yences have an identi cal o
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
15 (d) an enhancer comprising HS3b and/or HS4, if necessary
further HS1 and HSZ2, in DNasel sensitive regiomn.

According to the present kit for producing a
mutant, an improved antimicrobial peptide with low
toxicity 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



15 functional diversity in COR3 that is a characteristic of AG6DNA used to
construct transgenes. As to the gene construct pveh03' E, nucl eotide changes
resulting fromsomatic hypermutati on were observed in VH186. 2- DFL161- JH2,
but the frequency was | ow. The 20 frequency of nutation was estinmated to be
0.17 % (Table 2). The gene construct pvehc3' E showed an essentially simlar
di stribution of hypernutation, although the frequency increased slightly
conpared to that of pvehc~3"E (Table 2). 25 In the case of pvehc3' EHS3b/ 4,
where HS3b/4 is -45 further added to ijd¥e gene construct pvehc3' E of the
invention, a dramatic increase of the frequency of somatic hypernutation

was shown as. & Jesild ddhs¥HRG Ll 16 LedB2a@8NENEHES cOhicAll the

sequenced PCR cl ones contained 5 nucl eot’ide changes in spite of the fact

that they were selecteq, riangomy, Theseiswe! 8041 derebangss wWer gripdpd with
hi gh frequency in the area around CDR2 (hypervariable region 2) and CDR3

(FIG 5 and Jadd ec?)ampling Wale woNa ableaishednf bgmat-wowehi meric nice 10
correspondi ng to each transgene construct shown in FIG 5, and were in good

agreement with each otEmEy.. A2 hiighiifdse@senaheof phypecmibvat | of waatappar ent
in pvehc3' EHS3b/ 4. However, mutation was clearly absent in peritoneal Bl
cells frém tdret Saomkl eshipmrdw ingudeinefl Gr Eroml I5HRE. foellllewitmgnFdkblcted shows
characteristics of substitutions identified in the transgenes. Table 3.

Mit ati ons irwigH gbhe IgH mutant genes shown in ¥Fig. 1. The
Substi tutionConstruct pvehc~3' Epvehc3' Epvehc3' EHS3b/ 4Tr ansi ti onA- ~G5122

5G ~A3134 7GuREsNarsss afotarnobscuadt dhsfer sedhe (A28 0" cedle/ntin2

0A- ~C223 2A-~T0512G ~CA74 3 11T-~A472 6T--~GLl327Tat al 1532179 1t was

clear from tFecofdrd SGIF et \ & T (TENSGETES Yndt Ithe USdLd PansFti on
ond base {1 a0y sl ool oL 108U L SaE LERUBDGY: o Bokicedd i on
(1061)" Hogoin, 1.8 0 al Tk SR i "BroRRye TRePd o AE 1 PR,
the emergence,pinS0sRLi EndVPET FYL LI P 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
15 antibody. |
FIG. 3B shows a measurement of levels of human
IgM in preimmune or immune sera using plates coated with
mouse anti-human IgM antibody and POD-labeled goat IgM
antibody. Immune sera are referred as TD.
20 Antisera from Balb/c mouse and RAG-2”" 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 NPg-BSA antibody.

25 Bound antibodies were detected using POD-labeled anti-
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10 in VH186.2 transgene was anal yzed. The gernline gene VH186.2 (294bp)
cont di ned RGYW WRCY notif (93bp) corresponding to 32 % of the total bases,
and the frequency of somatic hypernutation in this notif appeared to be 34
0, which is not significantly higher than those 15 in the other VH regions.
TNT' | T7~TRTAT, APPLICABILITY In the above Exanples, the present inventor
enpl oyed a RAG 2-~- bl astocyst systemto prepare chineric r -47 mce
carrying IgH transgenes with different cis-acting elenments. The prpducing
met hod of the invention has sone advantages over conventional transgene
techniques and is 5 superior especially en ES cells are transfornmed with
| aw copy nquﬁg§eo¥ dransgene. In fact, the copy nunber of transgene in

t ransf or mant ce ?s was cal culated to be 3 or less in nost cases hy

Sout hern blotting and FAGR (gﬁb@%o%b-bﬂﬁthGYrat@BEQQﬂ?|aﬂﬂﬂgéfé ¢to

hypernut ati on was found in pvehc~3'E and the finding was confirned tﬁ%t t he

Ci s-acting eteimatsc ML AURletaNE MR Wer gpobsaubll gpenipshor

i nduci ng a high frequency of "hypernmutation. Addition of a 3' ““enhancer

fragment (4kb) to pveherd E 45 cpweBc3'E) spselfed | amphi@ppaexbiut elfy 30 o
increase in the frequency of hypernutation. In the present invention, it was
found tha&t theaesgperessi bp fREQROERCY oDNANduosgthdydpef puhatmRNA Wos Joilat | y
enhanced by introducing HS3b and HS4 to the 3' end of 3' 20 enhancer of
pvehc3' E, whB2ROT nshhbetresceéhhs tflremc drist rakcimepieh cBi &S3bidnd eatlaiwishall
necessary el enents for somatic hypernutation. The Experinents by the

i nvent or cl aNPfi~€8Gt as t Aephbiied LyspiRi bl @nyr dhiiglefieouiaey gave

hypermutati on are within an HS3b/ 4 re%'on of 2.6 kb. 25 Thus_it is possible
to provide PR MSoFFsspronding 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
frequency of somatic hypermutation in transgene constructs
from spleen IngBZZO+ cells (A) and peritoneal Bl cells

15 (B) .

The distribution and frequencj 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 INVENTION
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.
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-48 expression vector for inducing a random nutant of desired transgene.
‘Moredver, it is possible to provide a production process for a high
frequent random mut ant obtai ned by expressing the reconbi nant expression
vector 5 in animal cells. Furthernore, it is possible to provide a nethod
for expressing a random nutant or a kit for producing a random nutant
conprising the reconbi nant expression vector and ani mal cells. -4 91 A
production process for an exogenous gene random nmutants, wherein a DNA
construct conprising at 5 least the foldgwing (a) - (d) is introduced into
an animal cell and the exogenous gene nutant is produced in the aninal

cell: (a) a pronoter; (b) an exogenous gene; 10 (c) an intron enhancer; and
(d) an enhancer conprising HS3b and/or HS4 in a DNasel sensitive region. 2.
The product iptumsacess according to claim1, 15 wherein the (d) enhancer
further conprises HS1 and HS2. 3. The production process according to claim
1 or 2, wherki rcdrer [t irhafcagHhasaasb¥Aesequence conprising at | east a
DNA sequence of SEQ ID NO: 1 or 2. 20-4. The production process according

to any one of clains H-tahadn wodr eilg DNAgBepqueancesind (tajmar( cCpandigd) are
derived froma DNA sequence of an immunoglobulin 25 5. The production
process accotdf fryrent o aifhanking 3@gions were constructed.

Acquisition of fragment containing V, promoter and

A fragment containing Vyl7.2.25 promoter

10 (0.55kb: SEQ.No.1l4) with restriction enzymes Kpnl and Apal
sites and another fragment containing Ep/MAR (1lkb) with
restriction enzymes Xhol and Sall sites were cloned by PCR
from the construct [plasmid having chloramphenicol acetyl
transferase (CAT) gene controlled by V, promoter derived

15 from V417.2.25 and by intron enhancer (J-C intron
enhancer/ matrix attachment region (abbreviated to
Eu/MAR)) between restriction enzymes Xbal and Xhol sites

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

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

Acguisition of V,-D-J, gene fragment
The rearranged Vy-D-Jy; gene fragment (2.0kb)
containing restriction enzymes Apal and Xhol sites was

25 also cloned by PCR using a genomic DNA from A6, a
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wherein the (d) enhancer conprises HS1, HS2, HS3b and HS4. 6. The
‘producti on process according to any one of clains 1 to 5 wherein 5 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. 7. The production process
according to claim5 10 or 6, wherein the DNA 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 animal cell. 15 9. The production process
according to claim8, wherein the B cellzdine animal cell is derived froma
preB | ynphocyte line cell. 20 10. A nethod for obtaining an expression

product. of o lin HENS: b SR €530, (416,R1005NLS 8206 nEHLANG BBYA! ned

by the netho o any one of clains 1 to 9 in the animal . 25

11. A DNA cofstdaidnd0r tadéeiynd (ABreXegepoUSeferpdd Jae M4t aBhti-Np
conprising at least: (a) a pronoter; (b) an exogenous gene; (c) an intron

enhancer; anfbiodXdndN eahensesy FOMphasi Ng sHSApeatied HBAomn ashbagel
sensitive region. 12. The DNA construct according to claim 11, wherein the

(d) enhancermdugd (BskpoMAriises HS:nand) KB2ket@ni3. Mhe RNA ednstr el .
according to claim1l or 12, wherein the (d) enhancer has a DNA sequence
conpri si g alm@asty a TNA SEHUEATS GlurSEQWaD KNQ: ek @l .2. IihubdtyThd 1IDNA
construct according to any one of clains 11 to 13, wherein DNA sequences of
(a), (c) and3?9) (B¥¥3)eri ved from a DNA sequence of inmmunogl obulin. 15. The
DNA construct according to any one of 20 clains_11 to 14, wherein the (d)
enhancer conprises HSIThg®p weisph cdgipedssinto Bluescript II SK  (from

Stratagene) in order of V, promoter, Vy-D-Jy; gene and
En/MAR.
10
_Acquisition of human Cu gene
A 6.9 kb Xbal fragment of human Cu gene was
obtained from a .phage clone, CH.H.Igp-24 (Takahashi, N.,
et al., Nucleic Acids Res., 8, 5983 (19280); 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 37

20 enhancer (hereafter abbreviated to 3'E) was obtained from
Drs. J. Manis and F. Alt (Harvard Medical School).
Fragments contaiﬁing HS3b (1.2kb) 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, MPCl1l1l (Madisen, L.and Groudine, M.,
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16. The DNA construct according to any one of clains 11 to 15, wherein 25
the (‘a) pronoter is a VH pronoter: and -52 the (d) enhancer has a DNA
sequence conprising DNA sequences of SEQ ID NGs: 1 and 2. 17. The DNA
construct according to claim1l or 5 12, wherein the DNA construct is
pvehc3' EHS3b/ 4. 18. A kit for production process of an exogenous gene

mut ant or produci ng an expression product of a mutant gene, conprising a
vector having: 10 (a) a pronoter; (b) an exogenous gene-insertion site; (c)
an intron enhancer; and (d) an enhancer3genprising HS3b and/or HS4 in a
DNasel sensitive region; 15 for achieving an expression of a nutated DNA

sequence Whigdhdy 0dp&ess I EXOUBNOUS, generaut aalch 1%rier Ki kegGenedj ng to
claim 18, wherein the (dS enhancer further conprises HS1 and HS2. 20 20.

VH17. 2. 25 prasedqaridian ngite SEquenpe 10foSERbAD M&stldction enzyme is

CAL AL AL, AL AS. A[. AS. A A@A. AS. A, . Ah. A @ Af . AS. Af . AS. A, . AS. AS. Ay. A. AS. A[.
A Ahf. Al Aviide AU@RA@ A@ AL f . AS. Ayr . Af . AAS_ . A{ @ Ahf . A@ Af . A=@ . A S. AA

. AP@

LA A . A@ A SEESNOASH- HIS:) 5(' ) TSTRGPAET AT A AFE6PEETAAFEEREAT EaF6ET 8 4] ca] ca]
ca cal cajcal 581 R 5 5822t d Spetd sl GRleALfad ERh R S eRbeabe el sey” B
AAC-3!
SEQ NO.5: HS4-S XbaI: 5'-CTAGICIAGACTGCAGACTCACTGTTCACCATG
-3
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 withoﬁt any intervening Ig intron sequences
inserted.
15 Using each fragment above, three kinds of
constructs pvehcA3’E (12kbp) , pvehc3’'E (16kbp) and
pvehc3’EHS3b/4 (19kbp) were obtained by means of gene

recombination technique.

20 2) Structural features of transgenes
The transgene constructs obtained 1in this
invention contain V region encoded by mouse Vuy186.2, a
dominant Vg involved in the response to (4-hydroxy-3-
nitrophenyl)acetyl haptens (Bothwell, A.L.M., et al., Cell,

25 24,625(1981)).
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a)J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! gsx! *xy0ch

-c{vql gb] X] ] eah6af6ad st e sled]wxdl e adic afua|raa] ealma]eajicalsc ajneriddalcal cal

calcalc
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a-=! $-\="10% E & ()-!"ADdANIELS - kir.ﬂ_co%ofi: @rgnsgenel@pnstruct contained
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15 V, promoter and Eu/MAR from mouse J-Cp intron as cis-
acting elements, which had been used for CAT transgene
construction (Azuma, T., et al., Int. Immunol., 5,121
(1993)). Therefore, differences in the structure of the
transgenes were restricted to the 3' flanking region

20 (Fig.1).

One 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 Ep/MAR. The restriction enzyme BamHI
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-33-
fragment (4.0kb);containing 3' enhancer (3’E) was used for
the gene construction. The addition of HS3b and HS4 to
pvehc3'E gave 1rise to a construct referred +to as
pvehc3'EHS3b/4.

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 production
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 (10ug) having a restriction
enzyme NotI recognition site were subjected to
electroporatation (Sahagaw, B.G. et al. 1986, J.Immunol.,
137; 1066-1074) ﬁnto J558L cells together with a plasmid

pSV2-gpt (1l.6ug) (Mulligan, R.C. & Berg P. Science 209;

25 1422-1427 (1980)) . Specific condition of the
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electroporation is as follows.
Instrument: Gene Pulser (BIO-RAD laboratories)
Conditions:
Buffer: PBS
5 Cells: J558L 2X10’ cells/ml in 0.5 ml PBS
Linearized DNA: IgH transgene (1l0ug) and pSV2-gpt
(1.6n9)
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-NP 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 Dbottomed 96-hole plate with RPMI1640 medium (total volume:
200pl; Nissui Pharmaceutical Co., Ltd.) containing 10%
fetal bovine serum (FCS), at the concentration of 2><_1O6
cells/ml. The culture supernatant diluted to various
concentration with phosphate buffer saline (PBS)

25 containing lmg/ml bovine serum albumin (BSA) was analyzed
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by ELISA using a polyvinyl plate coated with NPy-BSA.
Peroxidase (POD)-labeled anti-mouse A; chain antibody
(Southern Biotech) or anti-human p chain antibody (ZYMED)
was used for detecting bound antibodies.

5 The result is shown in FIG. 2.

Transgene constructs were designed to encode
chimeric H-chains, possessing the V,; region from a mouse
anti-NP monoclonal antibody and the C region from human Ig,
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,
pvehcA3'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,
fufther addition of HS3b and HS4 seemed to have no effect
on antibody production. Although little information 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 transcriptional activity of the constructs, which did
not differ significantly between pvehc3'E and
pvehc3'EHS3b/4.

25
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1) Generation of chimeric mice
To generate chimeric mice, the present inventor
employed at least two independent transfected ES clones
5 for the microinjection into RAG-27" mouse blastocysts.
The inventor also used at least 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, 1ug) and
the three kinds of linear-chain IgH transgene constructs
(30nug) in the same manner as 1n Example 2 were
electroporated into 1X107 of E14-1 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 V,17.2.25 promoter and Jy2; and Southern blotting

20 using human Cp géne as a probe, respectively.

SEQ.No.7: 5'-GACTCAGGAGGACTCTAGTT-3'
SEQ.No.8: 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
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to 3 by Southern blotting. The copy numbers of other
transgenes pvehcA3'E and pvehc3'EHS3b/4 were estimated by
the PCR analysis using DNA from pvehc3'E-transfected ES

cells as a standard.

2) Antibody production by chimeric mice

ES cell clones containing the IgH transgene were
injected into blastocysts from RAG-2"" mice (Takahashi, N.
et al., Nucleic  Acids Res., 8, 5983(1980)) and
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-CD3 antibody or biotin anti-
B220/SA-FITC.

POD-labeled sheep anti-mouse u-chain antibody
was used for the detection of bound antibodies. For
analyzing antibodies having human Cu, plates were coated
with sheep anti-human IgM antibody (Southern Biotech) and
POD-labeled anti-human IgM monoclonal antibody (ZYMED) was
used for detecting Dbound antibodies. The culture
supernatant of J558L transformant, human Waldenstrom IgM,
and anti-NP IgM monoclonal antibody B4-3 were used as
control antibodies.

Table 1. Used ES cells and chimeric mice

10 U
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Construct - Cell clone Copy number | Chimeric mouse
pvehcA3'E 3-89 <3 3-2
3-88 <3 3-4
pvehc3'E No.6 <3 1-1,2/3
A-4 <3 A4-3
pvehc3’EHS3b/4 25-2-5 <3 2-1
25-2-2 <3 2-3

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 production
In order to examine whether the immune system
10 was reconstituted with the lymphocytes derived from ES
cells, the aﬁounts of IgM in the pre-immune 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, NPj3,~-chicken y 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,
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100pg/mouse) including (4-hydroxy-3-nitrophenyl)acetyl
chicken vy globulin (hereafter referred to as NP;,-CGG) was
administered to the chimeric mice, and the same amount of
additional immune was administered using IFA (incomplete
5 Freund's adjuvant). Three days after final administration
of PBS including NP;,~CGG, antisera were collected from
the immunized mice. The mice were then sacrificed and
tissue samples were obtained.
Plates coated with NP;-BSA or NP;4,—~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 control 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-
immune or immune antisera from the mice immunized with
NP,,-CGG was not detected.
Hybridomas producing anti-NP monoclonal antibody

(y1lAl) were prepared from pvehc3’EHS3b/4 mice immunized

25 with NP4,-CGG. None of these secreted antibodies expressed
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H-chain having human Cp.

The result suggests that the transgenes were

transcribed and translated in the B cells of chimeric mice.
5 However, the secreted H-chain products level was lower
than the detectable level.

Next, antibody reaction of chimeric mice against
TD 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,,~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 10’/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 NP3,-CGG.
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5 sufficient amount of PNA™IgG B cells, which are popular as

germinal center cells derived from a single chimeric mouse.
Accordingly, after immunization with NP5,-CGG, spleen IgM’
B220" cells, which are expected to select isotype-
switching memory B <cells, XX were sorted by flow

10 cytometory using a FACS Vantage.

The single-cell suspension from spleen of
chimeric mice immunized with NP5,-CGG were treated with
0.83% of ammonium chloride to induce hemolysis. In some
experiments, T cells were also treated with anti-Thyl

15 antibody (T24/40 and HO13.4) 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).

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

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

25 a fluorescence activated cell sortor (FACS) Vantage
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In addition, as a control experiment, CD4+ cells
and/or CD8+ cells were obtained from the thymus after
staining and sorting.

5 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

10 oligo(dT) as & primer and Superscript II reverse
transcriptase (GIBCO BRL). The cDNA samples were each
PCR-amplified using: V4186.2 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.1ll for

15 endogenous mouse Ig genes, respectively.

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

The PCR reaction was carried out under the

20 condition of 95°C for 1 min, 62°C for 1 min and 72°C for i
min for 30 cyclés. 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)

25 and sequenced using M13 primer shown as SEQ.No.12 (-20,
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(Hitachi, Ltd.).

As shown in FIG. 4, the expression of antibody
fragments including transgenes was identified.
2) Somatic hypermutation of transgenes 1in spleen or
peritoneal B cells

The frequency of mutation was calculated by
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

()-!

1055

Construct pvehcA3'E pvehc3’'E pvehc3’ EHS3b/4
ES clone 3-89 | 3-88 | No.6 | A4 25;2* 25;2‘
Nutber of sequence| g 18 51° 30 21 21
analyzed
Nutber of mutation)| . 11 42 25 161 132
observed
Percent of mutation
in CDR® (%) 56 36 38 75 57 55
“?‘:‘)Catlon frequency”| o 15 | .17 | 0.23 | 0.23 | 2.14 | 1.76
2 Percent of mutation in CDR = 100 x (total number of

point mutations in CDR)/

b

mutations)/

Mutation frequency =

100

(total

(total number of base pairs)

number

(total number of point mutations)

of point
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¢ Two chimeric mice were analyzed.

For the somatic hypermutation in transgenes,

primers to hybridize with either Vy186.2 or human Cu 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 observed only in the
spleen cells from chimeric mice, but not in those from
C57BL/6 mice immunized with NP3,-CGG. In addition, it was
observed that all the sequences have an identical

15 Jjunctional diversity in CDR3 that is a characteristic of
A6DNA used to construct transgenes.

As to the gene construct pvehA3'E, nucleotide
changes resulting from somatic hypermutation were observed
in V4186.2-DFL16,1-J42, but the frequency was low. The

20 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 slightly compared to that
of pvehcA3'E (Table 2).

25 In the case of pvehc3'EHS3b/4, where HS3b/4 is
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10H37 further added to the gene construct pvehc3'E of the

invention, a dramatic increase of the frequency of somatic
hypermutation was shown as a result in Vy186.2-DFL16.1-J,2
gene (FIG. 5). All the sequenced PCR clones contained
5 nucleotide changes 1in spite of the fact that they 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 data 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 Bl
cells from the same chimeric mouse (FIG. 5).
15 The following Table 3 shows characteristics 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
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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 sequence named 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., pl394,
(1991): Rogozin, I.B. et al., Biochim. Biophys. Acta.,
1171, 11 (1992)), the emergence of somatic hypermutation

10 in Vyl86.2 transgene was analyzed. The germline gene
Vy186.2 (294bp) contained RGYW/WRCY motif (93bp)
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.

INDUSTRIAL APPLICABILITY
In the above Examples, the present inventor

employed a RAG-2"" blastocyst system to prepare chimeric
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15 (pvehc3'E) resulted in an approximately 30 % increase in

the frequency of hypermutation.

In the present invention, it was found that the
expression frequency of induced hypermutation was greatly
enhanced by introducing 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
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1. A production process for an exogenous gene

random mutants, wherein a DNA construct comprising at
5 least the following (a)-(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 HSZ2.

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 prdduction process according to any one

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

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

25 5. The production process according to claim 2,
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5 the (a) promoter is a Vy promoter; and

the (d) enhancer has a DNA seguence comprising DNA

sequences of SEQ ID NOs: 1 and 2.

7. The production process according 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
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_51_
gene mutant, comprising at least:
(a) a promoter;

(b) an exogenous gene;
(c) an intron enhancer; and

5 (d) an enhancer comprising HS3b and/or HS4 1in 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 sequences of (a), (c) and (d)

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,

HS2, HS3b and HS4.

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

25 the (a) promoter is a Vy promoter; and
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the (d) enhancer has a DNA sequence comprising DNA

sequences of SEQ ID NOs: 1 and 2.

17. The DNA construct according to claim 11 or

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

18. 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 promoter;

(b) an exogenous gene-insertion site;

(¢} an intron enhancer; and

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

for achieving an expression of a mutated DNA sequence

which produces an exogenous gene mutant.

19. The kit according to claim 18, wherein the

(d) enhancer further comprises HS1 and HS2.

20. V417.2.25 promoter having a sequence of SEQ

ID NO: 14.



