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AL TRRFCHRE 2 v 7Y CHEPEEF 0L 0%
BICEALT, ERROBCERsShS Vi BETFOZ
FRIEICBI U CHRT L7z, £ SR, B— BRiERuna dsk
DEHEHIREREF DIE & A EOHIRER, F— Vu BETE
BB (Ve BEFER) TFEH LTwsz L2308l »
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1) MBER OB X O bE

AT BAfERE461: BALB/c <7 2 & BBIMILIZ Abel-
son ¥ v ZAHMIFY A N RIBRERSZMHD%235°C 12T,
RBEEEDZ LICX VBISE L7z BB HIIL 2 w — 2 46-6,
46-121%, 46ZMAFRT Ltk v Biszshic, Ig
6.3 LB EINI46-6 ZFEIZY 77 n— 14T 5=
ECEoTHEBNIZ, ENFROY u— 0T, gL
#35.5°C 72537.5°C ITREY 7 v +23 2 ki) V4
EFEL, BB ¢ R BI0 T/ 2 v—TF 0
PR14.812 X 2 S8 eyt 15 X O° FACS 847 % HifT
U, MR « B X O B220M R ORI 2 ¥E L,
e SR, YXH ¢ SIS LR HEY 5 & o
THZLREVELNED, B 7 v—F ik 14.813
B 2205k RHLHAP T, C. Paige X v EE S iz,

2) DNA o X O LT

7725 DNA X FACS ##i L7z BicHsmia L v
Maniatis & OFERICHE > THIH L7z, DNA (2 #HI[RE:
F# (EcoRI, Pvull) Til{k#%, 0.8% 07 7w — 2EE,
WENZCTHBL, 7Ah V%= he ke —2 74
WE =TT LTz N TV EL¥ = 3 1%, 50%7k
VAT IR, 0.5% SDS ¥#%, 5% Denhardt %}z,
4 X SSC ¥¥E (600mM NaCl, 60mM Sodium
Citrate), 10% 7% 2 I 7 L THEEIAIR T T42°C D4/t
T—RRRIS S ¥, 7 4 v F — O¥EHHE, 0.1X SSC,
0.1% SDS ¥k T65°C DT olz, V¥ LA
HIZHWe 7w —71%, MEP 203 » 1.9Kb EcoRI/
BamHI Wi % Ju v —7L LT, pP4-12A-19¢
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1.1Kb BamHI Wi % 5'D Fu—7L LT, SMkFE
HIDZ v—46-6 & Y MBS hicJERERER) VD] WijE
L D1.0Kb EcoRI/BamHI Wifi%, 5'Vy Fu—7
LLUTER L.
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SHLHERTOIMERER) VDI Wi L LT/ n—146-6
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Lizo srfb#FE% oMEER VD] MR L LT obisEs
DY v—46-6 B LVE6-1200% ) 5 DNA LY Ju W
R %&122.5Kb Xbal B % 1 gtWes Xbal 7 — A2l
HIABENEFNHEEE L 72, 7 n—146-6 ® DJ Wik 2
LT, Julfih&&8%4.6Kb Xbal lifi%, 7 v—146-
120 DJ Wrh & LT Ju Wii &2 &1:7.5Kb Xbal WiH %
THEN AgtWes Xbal 7 — A ICHAAALBEBEL 72, B
BES BRI 7T A KRRV g—2H 77 w— b L
Dideoxy HBICTHERINEFRE L. T4 ~v— & L
TUTORRAY Iv—2ER/ L. Ja 54 ~v—1§
LT, 5-AAA CGG TGA CCG TGG TCC-3,
Jue 79 4<=—2L LT, 5-AGA CGG TGA CTG
AGG TT-3’, Vg 17.2.25 754 =<=—3L7T, 5’
GAA GTT CCA GGG CAA GGC C-3’, Vgl6, 7
S4<—%L7T, 5-CTT TTC CTG GAG CCT
GC-3’" EhEFNEFER LI,
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M NaCl #RH T305H 7 A4 VI L, FEETr A
RURAVTVVRTAUBY b T rT7r— L, Bk
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HAi46-12 (v—4, 9), HLHEHHKL6-12 (L —25, 10) LY DNA ##iHL EcoRI (L—2 1, 2,
3, 4, 5) ek Pvull (v—6, 7, 8, 9, 10) CHL#®, Ju Frn— 7% HvTH ¥ L mIFE L,

frRBIWi K (5.6 Kb EcoRI Wi A, 4.8 Kb Pvull W},
7= 46-6 B LU 46-12 o3 {L%E o VD] WK (11.0Kb

(4.8 Kb EcoRI Mif, 2.4Kb Pvull K,
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EcoRI 38X Pvull {{btg D7 v — 2 46-6, 46-12TiF
SHEFERNC T TICIRRRM A 3R S vy, ek
HIZHEHER L Wb eEZ bR (M2AL—2 2, 4
4, 7, 9)e TNHDOY v — T/ EEL T2 LT
7 v — I HEFERTCHRT & h7z4.8Kb EcoRI J
R X 02.4Kb Pvull WiH 23945 & 7213855 L C11.0-
Kb EcoRI lf}i 3 X 182.7Kb Pvull 2 S s
Xowhote (M2ALV—23, 5, 8, 10). 2 bD
VI T T ORI RE « BEFBOBE—B LT
WBZ b, Pt L 7211.0Kb EcoRI Wi 3 k
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—J, 5'Dflies Fu—F RNy F U FRIFT 7 r—
246~ 6 12 LA ERTEIZ3.6Kb D5 BA EcoRI Wi
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v — L 46-127T i SHEFFERT% I R AR 3R L
TWT, 4.4Kb OFE#EL EcoRI Wi oaH s iz
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(B) 4/LiEuni VD] %45 L 04kl VD] e oo iE LR,
SleEEy) VD) AT, ATHo2HET frame shift PEE T2 2 LR LE, —HTZHT
NOBER—FKF B LB R L, BER Vi BETFHERSIZ FIOR LK,

L, oEVURE VBERD o7 Ve BETFEHEIES
Tnszl, (2 fHMeLichlER R L A L OIS
Ve BETFERICBNCR— Ve BET2ER L L,
BIV (3 7w—146-6 L7 w—146-12C1, ik
FHE B H S o o o ERIZ B W TE -
7 DI AL A2 EHRIRTLTWS Z L RRER
Teo %, W2 w—v O LIKEOMEFHIC B
T, SR 7 U VHBOEHEROE S E AT Y
W5 &, SEFEICET Lie ¢ S m—> (7
r—46-6 TIE 5 EH 3], 7 v—146-127T1 6 [EF
3[E) TiX, ¥TD7 n—y“@[ﬁjg@ﬁ%@%ﬁo)g
LRI E hie (F—2 1), f6-T, i/ v—r0f
=t 6 E O LS BN T bR—0 Vi BETF
PR L Ve BETERAFES i LRRE L
oo —%, HEHFEBTREICHK D o v FHREMES v —

VIEBWT b ERRIC Y VT 5 L, ITLIc5 7 m
— VAT CERERN T 0ZBLZBw bhkdr ok
(F—2EW) . Y EOERLY, HLFHBORRIZIE
BENEEROBRE IR, BETOEEBRTOLO
VEEINARDP -T2 ThD eHELDNIC. E, *
FER IO A EHOFERIT T VBT O BRR Dok
ol (F—2BK). UEDO YV FUBITO BRIV, #
TENTHEBHIE Y v — BT A HEFEE XN -7
AT Ucbisgery VDI Wi Ic i Ve BEETER
DHFEI RN ¢« EPEBSNIFHRTHDI L,
BIV Ve BEFBEROBICEICFAL Vu BETFIER
Shikz LPTRBRE T,

2) SMUHEERIBICBIT D VD] EEE R O
YU ORREBELSTF LV THERTSHENT
FRERDOZ v—y D% ) 5 DNA 2 b 5{LiFERiE
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MEMERS Va BEFBERIC X > T K&+
BT L ER LI LR,

(A) =9 2JF (v—u1), SuikEans
v—46-6 (L—12), HLBEESE S n—
»46-6 (L—>3) LY DNA #iiHL,
EcoRI TiHfbtk, MBicF+ 5 Vg 7 n—
TERHCTHF U@L, BBIRE EcoRI
Wik (3.2Kb) & X 0'EHE VD] WK (5.2
Kb) e & iz,

(B) Ve BEFBEAREREFViZEoT
BEZ L E2RTHERE,

Eix EcoRI # 4 %57,

T8I % IEHEREN VD] #AWTH 3 X OMREN VD #
AW 2 B U ER S 2 e Uiz, MbBEaT oI
REMY VDJ AT 7 m—1 46-6 L 46-12 TR —3
L, Vu BETFELTI5587 7 IV —2B LI NP 4
EH Ve BETFL L THESATWS Vr17.2.25, D
BT L LT DI116.1®, JHEETFL LT Ja® 2MEH
SR TWT, D] #EAMIC SHEONEFZ =D (K
3A)e LOLARE, Z0OAE Ve i L DI iR
DT I )BOT7 v —LOFEAERTRE VbW S out of
frame ®» VD] Wi Th-7% (E3B),

—%, HieFEE% O VD] AT Lok V-
D] #&» D] ¥4l Ve BETRFES LIV-
VD] #& (Va BITER) <, Va Wi & DI Wik o
T2 ) BROHHEN—T N VD] A8 Th o7z
(W3 A, B). HiTfla UiV BETF OHEEEFIZ

WTFhO7 m—rbiie MEE) 7 n—F AL 6T
RS TWS Ve BEFLEEC—FHKLE® (3
Ao Eic Vu BETBEHRICE LT, SMEHEN O IEKEE
H) VD] #& 0 DI Wik kv 4 HEOKBRIC, 14
EONEFOWAZTEDZ (M3 A, B). AZHEN
BEFNiE 7 m—246-6 DPAIE 7F= 0N 1 HEHEBA S
, 7e—246-120880F Sr=on LEEEBASH
Tl (M3 B). NESNZ ¢ A Y =7F FED5H
HO7 I )B=— Frof—HErBRT5720, 75
=VRBAShIEZ v — 0 46-6 TIXSEBEHD 73
WTAX= X VEREN, 7= REBAS Y
B—46-12TE Y Y UiR R BRRE RS 2 L AE S
ne ol

=7, 7e—46-6 BIUVY v—146-12L Y Bl X
nic D) #Eo BERFE RE T2 L, mEL
Dsp BEFOD 5’ LFICHEET S 12 22— —fHk L
Jus TR PEEA LT T, DEERBEIUS’ FF® 7 mer
FF % K < FEMRER) D #AThH -7, $E-C, Zhb
DY v—vORES v 7Y CHESE G TR, Wik
HIZEERV- D] AT Bz LESAREMR 2 -7
BB otc. ¥, DX u—FEFERE LY
PR Tr v— 46-12 ITRH S hi-BHRE A (2
2B) %, DF 116.1#FfE L7 D] #&4% KLz %
DTEFRL, 7 w—1 46-12 THERW I BE L DF
116 . 180808 T DIEEKIE T H 5 ATREMNTBR S hoiz.
3) Vu BEFEBRICKIT 2 EEROKSE

Vu BETFEROBER O BFEEHA B TEFz
DEBRBREIE TN (deletion) 12X 3 D, MWhre
7V (inversion) IZX 5 D Et L, Bz A2 7 4 —
NV FEKKEEE B TEbhie Ve BET L 5
VD] BT 0¥tk EoMxERY <~ v S L,
RS e 7Y VEBET D WETHESAMEET O
BHEREIMEERRRIBT 2 8 (REEFL) 2013
Ptk ETHERLTHAE 22 Bod o e Bfies
W) REoTRAETSLEZONTVW DR, EEOH
BRTELLOLEER L2003, BEVWOBRBTRILE
B ERCEMERNTWS D, BEHEE RN TWS A
X5 &L, Bk DNA ORI X ) ERIC/RIBE S
PEIR DNA & UCHIFIRNICHEET 5 2 LS EEB & R
72, ZONEEHERE e — 7L LT Ve BETER
BELLOBFLI > TRETWIOIERF Lz,
W MERMEIR 7 v — 73 ER T o JERSEE VD)
a0 5’ LD EcoRI/BamHI Wif ¢, EcoRI 4k
#% ORFliE DNA T3.1Kb DOf5l# EcoRI Kij % 4R
FICHRHLE M4ALV—2 1) #oT, b LERERA
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Jy Ve
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5 Suz74— N EEICES Vi BETF B I OHEBEN VD] #aovy ¥,
(A) ALHmEAs v —246-6 (v—>1, 3), p §FEr n—> Ig 6.3 (v—v2, 4) kv DNA
»F L, Narl THLE Ju v — 7B LUV uie Fu—FEHCTYHF VBT E L, Sfunio VD] B
EB X0 Vi BEFES0EH (900KDb), Vi BETFEH#E S VD] Wi R &Sl A (870Kb) B XUt DJ

Wi i (360Kb) % Ficm Lz,

(B) Vu BMETEHNZ BT 2HEETOREGEETO~Y T,

N Narl +4 + 27577,

‘ RIBICE 2BEA R 07 v — 7T BT g AR

ERLEELAY FEBREERLARD, b LA E
P AR ERR A FRHBT 22 212825 4
ICRENR D7 v— 46-6 2B LT Z OAERER O
BlLE Rt Lic. SLFHERTD EcoRI LD v —
L46- 6 TiX, 3.1Kb DRRRAEIN F LS5 .2Kb D4
By RSN B35k 07 v —146-6 TE3.1
Kb OREREW R LaiiHE g, Hilciemismh i
BEShErole (M4Av—r2, 3). FROFERIET
Xbal k% DNA B L CHHERTE R L2 b,

T~ » Vu BETBREIREEF LI > TRELLZ L
PR ENTIKIC, Vi BEFBRICBI 2/ED Ve il
BT OBREROBFERA BT, ~r274—
M RER BT EICERENS Va BET L FREEN

VD] &N xRS Ytk Bt v T LT

5icmlick ole, HIREER Narl 13, WRETFH
(Ve L6 BET-5 X OFMRERY VDI i) I Biphs
BRWOT, Ju 7r—7BIO Val 6 7 v —7 T HH
S ha ki RERESE ST Narl Bl ©b 5. ML
ERiBICBIT S Narl Wi 2 LR RS &, KI900KD
OFEET &t Narl i Ve BETFERICL T
#I870Kb AL LTz LA HBLEDT, K& L
T ARSI HIS0KD LT e HfEES e =V A Z B
C Vu BETIZTEEHI0KD 2 L20Kb ok TFE
+5 LWESRTVWS OT®, Vel 6 BET, FERE
) VD] Wi o) ORBEICRET 2 2 L BHL P LR

OfCo
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BHAMLIEE OB SBRTRE S v 7Y VBB
F (V, D, J&EBT) BovFrfEatsciick
Y 2 OHELREE BT Z L BEbRTnE. L

RE VAT SR O G BB DT X v, EERRA 9
O BHREICEE S s BEBRICH T, Ve BEF 7
7V —HOED 3 Michs Ve BETENSEREIC
FRENSZ L LHESRTWE D, KRBT TE, A%
HNC 3B B R RE AR S BHIf 7 v — v & Fvs, V-VD]J
A (Ve BETER) KB T RSN Ve BETF
DLA—= Y —EHRIFL, V-VD] #E& BN TIHEE
O Ve BEFPEIOICHER SN2 Z 2 200 THL 2
L7z V-VDJ] #4& (Va BEFER) i3 Tlzni-o
PORERMIEB TRES R TVWE 30, Z oA
THERASATWS Ve BETOL A=) —BIVOZD
BROFERCELTEAHTH o,

AL T, V-VD] A THERELTWS Vi EiE
F (VEL 6 BIET) 202 7 4 — 0 FiEE BV CRENT
L, V-VDJ #&TERENS Vi BEFIIEEEEN
VDJ #& o EFfMB0KD DRI~y FSha o L & B
BT LIce vV 2D Vu BETFH10Kb 720 L20Kb
DHBTHML TS LBESN TS Z L bHERIL
T®, Z D Ve BIaTF2IEEEERN VD] A0 57 i
O b LB ET Th 5 R L RR S iz,

Reth 5% 5’ LROBKLIEEL Va BETN V-
VD] & CRHASHEBEZREL T2 L5, V-
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SUMMARY

Immunogulobulin heavy chain genes are con-
structed by the recombinational assembly of V,
D, and J gene segments. The diversity of heavy
chain is, in large part, generated through this
assembly process. I have established differntia-
tion-inducible pre-B cell clones by using tempe-
rature-sensitive mutant of Abelson murine leuke-
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mia virus. These precursor clones in VDJ-/DJ-
context differentiated into surface p positive cells
by Vu gene replacement without the expression
of known light chains. The analysis of ¢ chain
diversity in progenies of these precursor clones
indicated that a unique Vu gene was preferentially
used in all progenies by Vu gene replacement,
_suggesting that the p chain diversity generated
by Vu gene replacement from a single precursor
clones was limited. By pulse field gel electro-
phoresis analysis, this unique Vu gene was map-
ped within 50kb upstream of non-functional VDJ
complex. This result suggested that the nearby
Vi gene was preferentially selected in Vu gene
replacement.

X B

1) Tonegawa S: Somatic generation of anti-
body diversity. Nature 302 :575-581, 1983
2) Alt F, Yancoupoulos G, Blackwell T, Wood
C, Thomas E, Boss M, Coffmann R, Ron-
bnberg N, Tonegawa S and Baltimore D:
Ordered rearrangement of immunoglobulin
heavy chain variable region segments. EM-

. BO J 3:1209-1219, 1984.

3) Kleinfield R, Hardy R, Tarlinton J, Dangl
J, Herzenberg L and Weigert M: Recom-
bination between an expressed immunoglo-
bulin heavy chain gene and a germline vari-
able gene segment in a Ly-1* B-cell lympho-
ma. Nature 322 :843-846, 1986.

4) Reth M, Gehrmann E, Petrac E and Wiese
P: A novel Vu to VuDJx joining mechani-
sm in heavy-chain production. Nature 322 :

| 840-842, 1986.

5) Takemori, T, Miyazoe I, Shirasawa T, Ta-
niguchi M and Graf T: A temperature-
sensitive mutant of Abelson Murine leuke-
mia virus confers inducibility of IgM expre-
ssion to transformed lymphoid cells. EMBO

"~ J 6:951-956, 1987.

6) Takemori T and Rajewsky K : Lambda ch-
ain expression at different stages of ontogeny
in C57BL/6 and SLJ mice. Eur J Immunol
11: 618-625, 1981.

7) Kincade P, Lee G, Watanabe T, Sun L and
Scheid MP: Antigen displayed on murine
B lymphocyte precursors. J Immunol -127 :
2262-2268, 1981.

8) Maniatis T, Fritsch E and Sambrook J:
Molecular Cloning; A Laboratory Manual.

) pp 280-281, Cold Spring Harbor Laboratory,
Cold Spring Harbor, NY. 1932. -

9) Kurosawa Y, Boemer H, Haas W, Sakan
H, Traunecker A and Tonegawa S: Identi-
fication of D segments of immunoglobulin

10)

11)

12)

13)

149

15)

16)

17)

18)

19)

20)

21)

heavy-chain genes and their rearrangement
in T lymphocytes. Nature 290 : 565-570,
1981.

Reth M, Jackson S and Alt F: VaDJa for-
mation and DJu replacement during pre-B
differentiation : non-random usage of gene
segments. EMBO J 5:2131-2138, 1986.
MacClelland M, Jones R, Patel Y and Nel-
son M: Restriction endonucleases for pulse
field mapping of bacterial genomes. Nucleic
Acid Res 15 : 5985-6005, 1987.

Loh D, Bothwell A, White-Scharf M, White
.Scharf M, Imanishi-Kari T and Baltimore
D: Molecular basis of a mouse strain-spe-
cific anti-hapten response. Cell 33 :85-93
1983.

Kurosawa Y and Tonegawa S: Organiza-
tion, structure and assembly of immunogu-
lobulin heavy chain diversity DNA seg-
ments. J Exp Med 155 : 201-218, 1982.
Sakano H, Maki R, Kurosawa Y, Roeder
W and Tonegawa S: Two types of somatic
recombination are necessary for the genera-
tion of complete immunogulobulin heavy-
chain genes. Nature 286 : 676-683, 1980.
Liu A, Robinson R, Hellstrom K, Murry E,
Chang C and Hellstrom I: Chimeric mouse
-human IgG1 antibody that can mediate lysis
of cancer cells. Proc Natl Acad Sci USA
84 : 3439-3443, 1987.

Alt F and Baltimore D: Joining of immu-
noglobulin heavy chain gene segments : Im-
plication from a chromosome with evidence
of three D-Jg fusions. Proc Natl Acad Sci
USA. 79: 4118-4122, 1982.

Okazaki K, Davis D and Sakano H: T
cell receptor B gene sequences in the cir-
cular DNA of thymocyte nuclei: Direct
evidence for intermolecular DNA deletion
in V:D-J joining. Cell 49: 477-485, 1987.
Kemp D, Tyler B, Bernard O, Gough N,
Gerondakis S, Adams J and Cory S: Orga-
nization of genes and spacers within the
mouse immunoglobulin Vu locus. J Mol A-
ppl Gen 1: 245-261, 1981.

Yancopoulos G, Desiderio S, Paskind M,
Kearney J, Baltimore D and Alt F: Pre-
ferential utilization of the most Ju-proximal
Vau gene segments in pre-B-cell lines. Nature
311 ; 727-733, 1984.

Ferrier P, Covey L, Suh H, Winoto A,
Hood L and Alt F: T cell receptor DJ but
not VDJ rearrangement within a recombina-
tion substrate introduced into a pre-B cell
line. Internat! Immunol 1 :66-74, 1989.
Wang S and Calame K: The endogenous
immunoglobulin ‘heavy chain enhancer can

activate tandem Vg promoters separated by
a large distance. Cell 43 :659-665, 1985.



