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Isolation of Mouse Ig Heavy and Light Chain Genomic
DNA Clones, and Construction of Gene Knockout Vector for
the Generation of Humanized Xenomouse
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Biotechnology, Chuncheon, Korea

ABSTRACT

Background: Monoclonal antibodies (mAb) of rodent origin are produced with ease
by hybridoma fusion technique, and have been successfully used as therapeutic reagents
for humans after humanization by genetic engineering. However, utilization of these
antibodies for therapeutic purpose has been limited by the fact that they act as immunogens
in human body causing undesired side effects. So far, there have been several attempts to
produce human mAbs for effective iz vivo diagnostic or therapeutic reagents including the
use of humanized xenomouse that is generated by mating knockout mice which lost Ig heavy
and light chain genes by homologous recombination and transgenic mice having both human
Ig heavy and light gene loci in their genome. Methods: Genomic DNA fragments of mouse
Ig heavy and light chain were obtained from a mouse brain A genomic library by PCR
screening and cloned into a targeting vector with ultimate goal of generating lg knockout
mouse. Results: Through PCR screening of the genomic library, three heavy chain and three
light chain Ig gene fragments were identified, and restriction map of one of the heavy chain
gene fragments was determined. Then heavy chain Ig gene fragments were subcloned into
a targeting vector. The resulting construct was introduced into embryonic stem cells.
Antibiotic selection of transfected cells is under the progress. Conclusion: Generation of
xenomouse is particulatly important in medical biotechnology. However, this goal is not
easily achieved due to the technical difficulties as well as huge financial expenses. Although
we are in the early stage of a long-term project, our results, at least, partially contribute
the successful generation of humanized xenomouse in Korea. (Immune Network 2002;
2(4):233-241)

Key Words: Hybridoma fusion, monoclonal antibody, human antibody, immunoglobulin
gene, transgenesis, gene targeting
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HF-S-(HAMA, human anti-mouse antibody response)& -
sto] Aell Fold A7 wEA AAE = rapid
clearance 314o] YERAL, QI7F kx| 2] Fe Aol &3l
o] Fo] A= CDC (complement dependent cytotoxicity)L}
ADCC (antibody dependent cell-mediated cytotoxicity) %+

A5
=
.

2 human immune effector 7] 55 FE3}A Ealm] AX|

o] A E Aol Al Foid g 2 At AA
g 27 AL Uerd 71 ivke T o9 AR
o] EZ =t o3t LA S FE3LY] Asted A7
A FE A9 AT o] AEE AL Qo (1) YA
o7 7|E] A L IFE A E A 245 3}
of QAZESHAZ1 71wl A7} AA) QA A

AEAZ 48393 dehe)

Al F2RHLE 7t A Bulgddow FEE
™, 7h g o2 ohA] e gt SolAell HA A%k
< "]X]:= CDRs (complementarity deternining regions)¥}
CDR loopE A ¥J3|5-= FRs (framework regions) & &
T ek 73k A= AF] ¥9] CDR loopsE §17F
A9l FRsoll o] A1 X]|7]= CDR o] 4] W ol| 2Jslo] A
253 gek@). 12} DE3] CDR T o] A A%
QA7E3} gAle] #H 3}t o] HojZA =2 CDRE 33+ =
o Js £ Ao g A7E = H N Fas3k FR o]

2 47 4le) Aoz AgAP oz A
|22 A== Geks). 73 FAle oF
FA| Adut-e E3kslal 9lo v g HAMA
w3k 8 A5 a3E ey
HAMA 435 FEA1Z 7 A TAR o] o3 EA
ghobs S AU gl whelbA] Ak Fele 7t
DA FE FA7E A Fo & X8 %
vtk sh A5 GdSE SAE
hybridoma §3 7| %oll 2]
2 EBrbssle Q7 HYEE dAIE AT F ' A
2§ 7| & phage display 7] <3} humanized xenomouse
7ol "AA| ALE I Jrke,7).
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A8 Z] (humanized xenomouse)2] A& FH zA|Q] aFA]|
FAAE FFslo] Al 2 AF S AR & Q17 &
A FAZ7) o)A E AF| e} el E Fslke] AFA1E] A
FAA 752 AAS L A7 A AR o] V)5S
sl 71HE] A Y] AF o Z o] FojA=d 4 A
jo}% 7] A *E(embryonic stem cell, ES cel)E AH-&3}o]
Mz AF A AR FEHE AAsE] A8 IgH

locus(8)2] Ty A1} Igk locus(9,10)2] C, A1¥-S homo-
logous recombinationol] 2]3} 2532 Z A murine IgHS}
Igk locis EZAAZIAl "ek11). oA A4t mly-
[+ uF$2=8 mCe/+vb-29 avfE F3  double
inactivated mly-/-; mCe/- (DD AF strains YA
th(12). 7 WA 42 229 A= human Ig locizk
AF)# yeast artificial chromosome (YAC)< ©]-&3F 712
ZA] megabase (Mb)=7]2] human IgH 3~ huiman Ig
loci (13)5 AY 3L Q)+ yeast] spheroblast} vlo}Z7]
M| EE T3} yeast spheroplast-ES cell fusion (14) 7]
o ol&sle] AF wlolEy] AEE EYAICEH
human yK2S} yH2% AAHE A% o4 AR E 24
AAgE & ufsto] human yk2 : yH2$} murine immuno-
globulin (Ig)& &AMl A4tste AF straing 43}l
Rtk 5 Al §04 2AAE Fo) AAE DI mice
9} human yk2 : yH2 : mulg miceE THA] Zulij3to 24
HEHed vy DI RES A7 S Al
+ humanized xenomouseE A|Z}slA] = t}(15,16).
Humanized xenomouse™ &+ 50|34l 2HA gk & el 9
DASFE A E = AR A4S F Qe
de ZaL 7] wigell ofu] wzol} YE FollA= &
s o= A QJaL v o] AbgenixA+e] 73-§- humanized

N

—_

=
xenomouse S ©]-&-3}o] EGF, IL-8 53} A sl+= 27t o
UFE A N EAE Aiste] olu] QIFAZIA &
Aot Flol| A= el ol &ulE= dFu]et 7|7t 7]
<9, 554 Soll I3 AubERl FAR SR Qe AT
7b A= AL QA Fgk AR ol

B ATl A 7 FAEE A A S8l A
£-5] & humanized xenomouse®] A|Ztel] 71A w1z AL

C AR 1g #AA AT ARG ALE AT $A4
A% constructE A2t el

PCRS ©] &3 A genomic DNA library®] A4, A

2l A% knockout genomic constructs®] |2}
< $3to] 4 129/SV AJF strain®] brain A genomic
DNA libraryE (F)nfZ 2RI ZHE 7|F1o}l o] 2K
H AH Ig 45 2 AAS AR A9e 23t
AT A phage EE5 H2|8t322F PCRZ} non-radioactive
probe= ©]-2-3F Southern blot (17)2.& library 7145 ¢}
w2t gl eslgleh(18,19). WA vkt £ coli XLI-
blue MRA P2 ok | mIZ} 129/SV A genomic library2]
10° phages E3sto] A-ollA 2087+ wiFet oh3 10
mM MgSO,7} £35 LB 20 mloll £]43}o 96-well plate
(Corning, USA)2] 7} wellol] 100u% £F38 % 37°C
eluljok7]ol| 4] 5~6A17F vHFA ZAth 96-well plate®] A~
H, 1~8 THE 7 well®] wiFHe Bof 587 A4 &



23t A5 Holl Z3x]o] QU= phages: FHOE sho A
A FAE Ig Cuok AAE Ig Croll 5o|&<Ql PCR
primers (Cp sense primer: 5’-AGAGTCAGTCCTTCGC-
AAATGT-3’, anti-sense primer: 5’-GCACATGCAGATC-
TCTGTTTTT-3’, Cxk sense primer: 5’-CTGCACCAACTG-
TATCCATCTT-3’, anti-sense primer: 5’-CACTCATTC-
CTGTTGAAGCTCT-3")2} Ex Tag polymerase premix
(Takara, Japan) & 94°C 1%, 61°C 1%, 72°C 129 =710
& PCR machine (Perkin Elmer 9600)- o]-&3}o] 742t <oF
300 bpe] Cu ¥ Cx 47 AHS TF et g5
DNA AH TBE buffers o|&slo] TE 0.7%9
agarose gelZ eI}l 1x} A Z 3} positive band7}
et 31 do] dX|3l= wells 2 27122 PCR
3o signalo] 74slAl Lh2 well s A &ste] 7)o 22
W o 2 ulo]g] AL t}A] 96 well plateol] EF3}o] PCR
7} Southern blotg AAIFOZH o]z AAS A}
ek,

Southern blot. PCR 73 Aol] AF-8-3} agarose gel= southern
blotol] o]-&8}7] 913 gelS 0.25 N HCloll 1557+ whx] &}
o] denatureA] 7|31 FF5Z 23] A% F 0.5 N NaOH
ofl 3087 WXsle] FIA A SHTE oA 23] Al
%3k 2 vacumn blotter (Bio Rad, USA)°l| nylon membrane
(Amersham Pharmacia, Sweden)e E£3L 7L $]ol| gel& =
] 9057} transfers}-9ith. DNA7} transfer® membrane<
air drygk & UV cross linker (Bio Rad)ol] 5E7F =24 A
A3 b 42°CollA] 2417} prehybridizationdt ¥ DIG
DNA labelling kit (BMB, Germany)$} A|ZAe] A
protocolol] 2]s}lo] A E probe® 42°Coll A4 overnight
(O/N) hybridizationA] ZAt}. HybridizationA]Z] membrane-<
maleic acid -0.3% tween 20 buffer2 A|Hg ¥ 30&7t
blocking®t T} anti-digoxigenin-AP conjugate (BMB)E
1:500002 3]43sle] 3027 RESAIZIAL AJH3E
ECL (Amersham Pharmacia) §H-& 7}slo] 58 ZoF dl
A7 & gt A Xeray film (BMB)oll A A HES
= s

Positive A phage®] ¥5. 22 7 Mol|4 & 55 positive
well] vlo]H A5 E coliell ZH3AIA plaques FA A7
% 2749 plaques sterile pasteur pipet (Corning, USA) 2
2 Zela|l 3 SM bufferoll A 2F 2417+ E<F vfolE] A
£ WUEAA e 27102 PCRE F3¥sto] AA 1g F

AT A% AR Aol AEle] Y whelel 2
FES G509, AFH 02 151 1y FALY

=2

7 A% phage FECEZRE WA Ig AL phage FE
°] ADNAZ el 7] 1%l phage YAHE O/N culture
3t XL1-blue MRA P2 uljokol | mlz} 23}slo] R/TONA]
20457 wokgt 3 50°CY] top agar 10 mls H7hste] &
410] & 5 150 mm plate (Corning)oll platings}e] 37°C

Construction of Murine Ig H Gene Targeting Vector 235

oflAl ON wiFrozy FAHAZ ek SAH nlold e
SM buffer 14 ml& 7}sted 4°Col|A O/N WA 32
phenol/chloroform extraction 13] & AX & A5HoZ
F-E] \ DNA purification kit (Promega, USA)E ©]-&35}o]
A DNAE E&ssich

Ig Cu PCR fragment®] DNA d7]¥lE #9l. Ig Cu
specific primeroll o]&l FZ% <F 300 bpe] fresh PCR
product 11 TOPO TA Cloning kit (Invitrogen, USA)2]
PCR 2.1 vector 2ji3} E3tsto] 4ol 4 557k whx) gk
% o] F 21%HE #s}o] TOP 10 competent cellZ} 2 43
of Z3rh Aol 0E7 PR F arcolA] 027
g7 vl 0 transformationdlo] 1 mle] LB wWA &
743k o 37°C A" wiokT]oll A 1A 7F Zhek wlokdt ¥
o] Z 100ule #3le] LB/Amp plateol] platingsle] 37°C
o4 ON Hekshelc WA Z2UE 107 At
LB/Amp broth7} §71 Alg kel HFsF3L O/N wFst &
o] 5] plasmidE I3 vhy EeoR 1 Al3F 42
37°Col| A 417} &<k X 2lsle] Axdkdt & 1% agarose gel
of 7] of-gste] AR AAS st A A
Hol gel%l F29] plasmid= SV miniprep kit (Promega)
£ o] &3to] 7LelAl E2ldk & (F)Bionexol]l DNA se-
quencings 22| }3ich

ZFA<E Ig $42 AH ) subcloning. A% A DNAS
Algk &4 Mot 1 (Takara, Japan)© & Awkslo] Ig Cp
genomic F-A A2 75 Q18 % restriction mapping
o] o3t ZHH3 DNAE & H3}7] 98l pBluescript SK
(-) e (Stratagene, USA)oll 2}l 41 Ig TA
< ADNAZ AlZF Z& Mot [92 A3t £ 0.7% low
melting agarose gel (Quantum, Canada)oll % 7] o-53}o]
14 kbe] AH-& gel Aoll4 ZE} phenol/chloroform extrac-
tion'dH I olehZ AW E FH3U L Wel= 2
Algk &4 7 Avkslo] 30 UL calf intestinal phosphatase
(BMB)E 37°CellA 1417+ A eldk $ 1112l 0.5 M EDTA
E 93 65°CollA 1A S92 A 3Gk £l
insert?} WIE]{E UV spectrophotometer (Pharmacia Biotech,
Sweden)Z 260 nmol| 4] A &3t ¥ T4 DNA ligase (Pro-
mega) *]2]3Fo] 16°CollA] O/N ligationdt HF-5-<H 1ul&
XL-1 blue competent cellol] & 4o} & ALl 30&
WA ecold 0% dFAE T wyew
transformation }9it}. 800112 LB ®iA|E 7}sle] 37°C
of| A 1X]7F 5ot wijokgt 3 LB/Amp plateol] platinggt 3
37°Cll A O/N ieksle] A HE FE2YE FASNR R
3070 A3 b5 LB/Amp v A ol 4] w ket wekeo g
2] plasmidE Felst Aot I Ak 42 Aokslo] 14
kb9 insertE &1}l

AF 9|9 A, pBluescript SK(-)oll 2% FA4
< AAES Mot 1 Al &£ Z Arksto] 0.7% low melting
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agarose gel (Quantum)ol] &7] d53}o] 14 kbQ] fragment
£ gel FollA ZehH % Eco Rl, Hind 111, Xba 1, Xho 1
59 AlgtgAE A-83}o] resctriction mappings A A sk
of A3k 49 X & Felstar A5 WEl & ARsla
t}. Restriction mappings 53 &olxl Agkg 4o 9%
£ o] 83}to] short arm Abf I/ Xho I, long arm< Xba
[ Xpa 18] A3t B4E AEsfe] 37°Col|A] 4417 &<t A
2l s}o] 0.7% low melting agarose gel& A&l E2|gt &
targeting vectorQ]l pPNT vectorol] short arm¥} long arm-s
A2 SRS FEYE A7 dH e H5He
2 Mot A 842 Akslo] ZukgE Weko g F2Y
A=A st Az E AF We & eljol Al E W
o] AMAZ FEH O F integrationA] 7] 7] $]3l Mot I Al
g4 E Xelsto] linearizations} ATl

Feeder cell®] wljek. A3 ulckol] D3k 4 well, 12 well,
24 well, 48 well, 96 well, 60 mm, 100 mm, 150 mm plate
(Corning) & 0.1% gelatin (Sigma Co., USA)2.2 coatings}
o 3027 WAk Hol Wl ¥ 2417 78 clean
bench Woll4] dryAl7] th5 150 mm plateol] G418 #]&}+A]
o] 9l& STO cell S 10% 2] FBS (Gibco BRL, USA)7}
7}¥1 DMEM (Gibco BRL) HHA] (DMEM-10)o]] wljks}od
feeder cellZ o]23}9it}. oF 3A7F feeder cell S vk}
o] confluents}Al At A £4& WAE7] 93
mitomycin C (Sigma Co.)E 10pg/ml®] 5% Z DMEM Hl|
A 10 m#}t E3ksto] 37°Col|A] 241 7F E<F Helsle] &
ZA4 4171 & DMEM-102.& 33] A|X sl Fi 025%
trypsin-EDTA (Gibco BRL)S 4 ml 7}s}o] 37°Col|A] 58
7+ WX aldet. A7} platert=ho 2 HE] WolA] 7] A
ZFsh pipettingsto] single cellZ RHE % 5 ml¢] DMEM-
105 7Fsto] trypsin-EDTAS] EA-& Al A]7]3L 800
goll A 587 AAEE? b AsdE AAZ 3 A e
Al 10 mioll AZE dgsigict. A 100ue F 3
trypan blue (Sigma Co.)Z Asto] A|E2] +& FA
thS 3.5¢10° cellsmlZ A EZFE AlAFsto] 4 well, 60
mm, 100 mm plateol] FF8F3L A7} vl B3
4~5A17F 7k 37°Cell Al ket gleh21-23).

wjotE7] A E 9] k. ATCCollA F4)38t D3 violE7]
A|Z stocks ES DMEM-159}F £3}sto] mje] L33l ¥
< feeder cellZ seeding 31t} ES DMEM-15+ standard
DMEM #H§Z]e]] non essential amino acid (Gibco BRL,
USA) 0.1 mM3} 15%2] ES cell #joF-& FBS (Gibco BRL),
3} oJA] =49l LIF (leukemia inhibitory factor) (Gibco
BRL) 10 ng/ul& H7bste] ubEdch. 7] wieF A 4
well plateol| 4] vokgl & 12~24A| 7kulc} vl A & L A|sk
4] o 397k whokslo] ES cell?] colony?} 2 slAl 2}
2 A7)0 A ¢} nbR A £ 0.25% trypsin-EDTAS %]
glglo] wWojl T 1:5EE 1 1008 3]A%}o] feeder

celle] 1= 100 mm plate 2 F-55}3)t}. Electroporation-g
g S 7 =& UEZ ES cellS EF39th
ZZ ]9 electroporation. Electroporation }7] Zit
feeder cellZ v9¥3lo] 100 mm plate S/HZ HFste] &
31, 100 mm plateel] £ viotE£7] AEE 124 Zbvalek
A WA 2 2 AsPHE A 39 7F vleksto] confluentst Al A}
gl uljo}E7] AlZE2] A £ electroporationd}7] 2F 44| 7F
Aol A wiA & szA|ste] F9et. 0.25% trypsin-EDTA 4
mlE 37°CollA] 527+ Hglste] AE7} WolA|7] A)2sk
™ gekslo] single cell£ BHE3L 15 ml conical tubeol] &
o} 800 gollA] 54&7F AAEE3 & AsHe AAG L
PBS (Gibco BRL) 10 mloll &E}o] hemocytometer 2
counting®t thg 2x1079] celle thA] FAEE] slo] ol
< cell pellets 0.7 ml®] PBSE A9t} 0.7 mle] A
E9} 25119 linearized DNA (lug/ml)E ZA2HA 4]
o] ulg] AL YolFUT 0.4 cm cuvette (Bio Rad)ol|
pasteur pipet o]-&3slo] YWo]F3 0.25 kV, 500pF2] 4
elloll 4] GenePulser (Bio Rad)E ©]-&3}¢] electroporation
g & Aol 1027 WAEkeck. 4.5 mle] ES DMEM-
157} %A 9+ 15 ml tube® pasteur pipet= ©|-&3}o]
cuvette k2] AESE 713 4lolE F AL B4 ¥
< 100 mm 57W plate®] feeder cell$] & Z+7F 1 mI¥ £+
3k % 37°C, 5% CO, incubatorol] 4] vljeksl-9dic}.
Homologous recombination® Hlo}E7] A|Ee A,
2427 E9b ujoksl 2 4709] plate’= 300ug/mle] G418
(Sigma Co.)¥} 2uM®] ganciclovirs ES DMEM-15 #l|%]
of] Hrlsle] A& A1}l AL, 1709] plate= 300ug/ml
o] G418vks H7lstel Ao g AM vleg dot
7] 913 zFo 2 Agsged Ade A4 =
59 &k mY wiA & AElAL 5Y o] ¥ HE = 29
of kA wiA & wekstHA] 109 F3F A4S A
At 9dA F&= F E2A5E feeder cellS 48 well
plateol] EF3lo] 104#|oll= o] plated] HIAE ES
DMEM-152 ZA|3}o] =31, 24 well plateoll= LIF7}
7}E]A] 9k ES DMEM-15% Yol Fuld & th& 96
well plateol] = 8011<] 0.25% trypsin-EDTAE Hol EiL
incubatorol| 4] prewarmingA] %1 t}. P20 pipet>-Z confluent
3}A] A5 ES cell colonyE2 1704 whA] 0.25% trypsin-
EDTA7} @A Q& welloll 3 AY YolFm 37°C
incubatorol| A <F 3E-7F WMX|3E ¥ pipetoZ 20%] HE
pipettingsto] wo}E7] A|E FZ Y7} single cello] =%
= 3 b8 247 3512 24 well plateol] B33 4501
48-well plateol] =Fs}Att. oF 3417F & 7 plate?] Wi~
E 23l F b 48 well®] platew F 3Y7F vk
7} wellell 10% DMSO7} 4 7}% ES DMEM-15% A &
a3sksk & FElalo g 24 styrofoam boxoll ¥o] deep
freezerol]l X331 T 24 well plate] Hlo}E7] A|EE



LIF7} 4715 A] 9> ES DMEM-15Z <F 7~1094 7k vl
okt % confluents}A] A}5kS ol genomic DNA E&| &
9l Ag3tdct. Genomic DNAE o] $3to] PCRI}
Southern blot& A A]8}7] $]3l| Neo specific primers |2}
A}%ﬁ}&it}(senseprimer: 5’-TCCTTACTGTTCCC TTGA-
TCCA-3’, anti-sense primer: 5’-CATTCAGGGCACCGGA-
CA-3) (24).

Zdn 3 o
AF A FAE genomic FAALY] 5. AH Ig F

>

A& A2 A5 (knockout) construct®] A|ZHE 93l
F A2 HE AFHHS 129/SV mouse strain 2]
brain A genomic DNA library & ©]-8-3lo] A§%| A FA+
& A AAE AR AR e AAE XSS ch
Bacteriophage A genomic library2] ®}o]2]2E titers}od
At 5 AR T welld 10,0007 =71 Eol71 2
= <F 2x10°70 9] mlo]#H AE 2702] 96-well plateol] 8x8
format® & Z+7}9] wellol] seedingslo] o] 2H-E 253t
Aels £ dHE 238l PCR template & Z A&
skt Ig Cpoll W3t specific primerE A|2fsto] 12}
PCR A& AAIZ Azt <F 300 bpe] Ig Cu A7 A
AL 23 & YA rk(Fig. 1A). PCR A4 A] positive
controls= A genomic DNA library$] ®}o|2] =& straight
2 10*4 A-83}9 3 negative control templateS % A|

A
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%= 270 Z A PCR AFHE geldt & Fuf
2 AAHES Southern blotol] 48311l Fig. 1BellA
& 4 g%o] PCR ZATollA Yebd bandet A8l
signal®| southern blotol] A = WFehd 7S #Heleh 4= 9J9)
3L probe®] S0l 7 RIZHAH o2 Qlsl PCRE A 3] &
0138t 4= ¢1H band= Southern blotoll 4 & signalo] VrebL}
= e ¢ F A9

U A A3} positive HH-2S H.2l 96 well plate]
=3 o] dX|s= 22 wellZHE A5 HE FHslod
Ig Cyt genomic phage clone2] o]} PCR 71 4-& 4383}
t}. £3 o] YX|s}+= positive well plate #1114 177}
A plate #2004 1870 e o] F 6/ AE7) 73k
band7} YFElSkTH(data not shown). 12} 71 Aol A&} wh3k
7}A 2 PCR ZAF oA+ Ho|A] ¢t band7} southern
blotol] 4] ¥ro] LFEFIL negative controloll & PCRollA] B
o] 7] oW band7} VEFSEAIRE 13} 7 Aol A PCR 7 26}
southern blote] A3} 7} Ax)sl9laL 22 AMA A= A2
YA 3l= AIE HY 22 positive control laneol] 4] 2]
over loadingoll 93l Uehd Aoz gaksla o] F 7HA+
signalo] 748 19 plate 791 well®] positive clones 41 &
sto] 34} single plaque®] 7S Z#Ys}lAch(data not
shown).

o2} M A3} positive HH-2-5 E.21 96-well plate2] 2+
well ZollA 79 well®] rlo]#] A E titerslo] plated <F

° §

15

30

Figure 1. Primary screening of a mouse A genomic DNA library for A phage clones containing Ig Cu genomic DNA fragments.
A genomic DNA library from the brain of 129/SV mouse strain was screened in order to obtain A phage clones containing Ig Cu
genomic DNA fragments by PCR (A) and Southern blot using non-radioactive probe (B). Phage from the library were mixed with

XL1-blue MRA P2 cells, and incubated in 96 well plates. Culture supernatant containing phage particles from each well was harvested

and mixed vertically (1 to 8, respectively) or horizontally (A to H, respectively), and used as templates for PCR (PCR primers were
shown in the Materials & Methods). PCR products were analyzed by 0.7% agarose gel. For Southern blot, DNA fragments from the
gel were transferred to nylon membrane, and hybridized with non-radioactive probe generated with 300 bp of Ig Cu genomic DNA

fragment using DIG DNA labeling kit. The membrane was incubated with anti- digoxigenin-AP conjugate, and ECL was used to visualize
signals on X-ray film. (A) PCR analysis (0.7% agarose gel). M: 1 kb ladder, lane 1: positive control, lane 2: negative control (no template),
lane 3-10: #1 plate 1 to 8, lane 11-18: #1 plate A-H, lane 19-26: #2 plate 1-8, lane 27-33: #2 plate A-H. (B) Southern blot analysis.
Lane 1: positive control, lane 2: negative control (no template), lane 3-10: #1 plate 1 to 8, lane 11-18: #1 plate A-H, lane 19-26:

#2 plate 1-8, lane 27-33: #2 plate A-H.
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1,000719] plaquee] FA = =5 O/N vkt E coli XL-1
blue strain 50001¥} &3Fslo] -ollA] 2087F miek3t &
50°C2] top agar 10 ml-S %4 7}6}3L LB agar plateo]] plating
ko] 37°Coll A O/N uljoFslsicl. FA = single plaques
disposable pasteur pipet= ©]-&-3}o] pickingst % 100112]
SM bufferel] o] AF-&ollA 6417k 7}ek nlol#| A5 W&
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Figure 2. Identification of A phage clones containing Ig Cn
genomic DNA fragments. Single plaque was obtained from each
phage clones that gave positive signals at both primary and
secondary screens as described in the Materials & Methods.
Phage particles were released using SM buffer, and used as
templates for PCR analysis. M: 1 kb ladder, lane 1: positive
control, lane 2: negative control (no template), lane 3-7: A phage
clones.
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o] 2% ¥ DNA sequencings &3 37| sldS =
Astedcl. L 73} PCR fragment®] DNA sequence”} Gen-
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musculus hybridoma 13F1 Ig heavy chain mRNA. Gene-
bank accession No.: AF052835)%} 2+# gt F-AA S A
1 chaingl-& #el&}9dth(data not shown).
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HFH o2 5% ot 0|9k 22 PCR A4 W
< o]&3}o] 129/SV A genomic DNA library 2 K€ %%
Z o & Ig Cu genomic DNA fragment’} AF{)Elo] =
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{=]o] Q)= A phage clone 37/WE ¥ 53} ch(Fig. 4).
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B

>

1 5 10 15

ey - — - - —

20 25 30

Figure 3. Primary screening of a mouse A genomic DNA library for A phage clones containing Ig Cx genomic DNA fragments.
Experiments were performed as in Fig. 1 except that Ig Ckspecific primers were used for PCR. (A) PCR analysis (0.7% agarose
gel). M: 1 kb ladder, lane 1: positive control, lane 2: negative control (no template), lane 3-10: #1 plate 1 to 8, lane 11-18: #1 plate
A-H, lane 19-26: #2 plate 1-8, lane 27-33: #2 plate A-H. (B) Southern blot analysis. Lane 1: positive control, lane 2: negative control
(no template), lane 3-10: #1 plate 1 to 8, lane 11-18: #1 plate A-H, lane 19-26: #2 plate 1-8, lane 27-33: #2 plate A-H.
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Figure 4. Identification of A phage clones containing Ig Cx
genomic DNA fragments. Experiments were performed as in Fig.
2 except that Ig Ckspecific primers were used for PCR. M: 1
kb ladder, lane 1: positive control, lane 2: negative control (no
template), lane 3-8: A phage clones.
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Figure 5. Diagram showing. pBluescript SK(-) containing Ig Cl genomic DNA fragment was treated with Noz I restriction enzyme
and 14 kb of DNA fragment was purified with low melting agarose gel. The resulting DNA fragment was digested with different
combination of restriction enzymes in order to determine restriction map. N: Noz I, Sa: Sac 1, Sm: Sma 1, Xb: Xba 1, Xh: Xho 1,

B: BamH 1, K: Kpn 1.
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Figure 6. Diagram of the Ig Cp gene targeting vector. Ig Cu
genomic DNA fragment (14 kb) was treated with either Not
1/Xho T ot Xba 1 and putified using low melting agarose gel to
obtain short or long arm, respectively. These DNA fragments
were cloned into pPNT targeting vector consecutively.
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Figure 7. Micrographs showing ES cells under positive (A) or negative (B) selection. Ig Cl gene targeting vector was linearized by
treatment with Noz I restriction enzyme and transfected into D3 ES cells by electroporation. Positive and negative selections for ES
cells with homologous recombination were confirmed by growing ES cells over the STO feeder cells in culture media containing G418
only (A) or G418 and gancyclovir (B) for 10 days in CO; incubator, and observed under the light microscope (X200 magnification).
Arrows indicate healthy or disintegrated ES cells positive or negative selection.
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