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Abstract

D,J,, rearrangements start in progenitor and precursor B cells and occur in three reading frames
(rf). A strong blas for rf | has been noticed in murine and chicken antibodies, while the
representation of rf Il has been found suppressed both In peripheral as well as in precursor B
cells. H chaln gene locl D,J, rearranged in rf Il are potentlally capable of expressing a truncated
D\, C, proteln on the cell surface. Mice Incapable of expressing this protein on the surface have
previously been shown to have all reading frames represented in near equal frequency, suggesting
that membrane-bound DyJ,C, protein Is involved In the suppression of rf Il. In this paper we show
that suppression of rf Il is not yet established In c-kit* CD43+* IL-7/stromal cell-reactive pre-B |
celis of fetal liver at day 15 of gestation, but becomes established when such precursor cell
populations are expanded /n vitro on stromal cells in the presence of IL-7. H chain gene loci using
the Do, segment for rearrangements (which contains a stop codon in rt I, thus being unable to
make DyJ,C, protein) do not show rf Il suppression under these conditions. The same type of fetal
liver-derived pre B-l cells from \5 deficlent mice also do not show rf 1l suppression after in vitro
expansion. Bone marrow-derived pre B+l cells from normal mice assayed ex vivo and expanded /n
vivo show rf |l suppression, while the corresponding pre-B | cells from \5T mice do not.
Collectively these experiments suggest that surrogate L chaln Is involved In rf Il suppression. This
may happen by Inhibition of proliferation of pre-B cells expressing a complex of D,J,,C, protein and

surrogate L chain.

Introduction

The Ig heavy (H) chain gene locus on chromosome 12 of the mouse
consists of probably >100 V, gene segments, 15 Dy gene
segments, and four J,; gene segments (1-3). Of the 15 Dy
segments, two are Dr_ segments (D161 and Driig2), 12 are Dgp
segments (Dgppy—DSPgps; plus Depry), and one is a Dos
segment.

During differentiation of progenitors (pro-B cells) to precursors
of the B linaage pathway (pre-B | cells; for nomenclature see 4),
Dy segments are first rearranged to J, segments (5). The
intervening sequences between the rearranged Dy and Jy are
frequently deleted as circular DNA. As long as Dy, segments at the
5’ side and Jy segements at the 3’ side remain in the rearranged
H chain gene locus, secondary rearrangements are possible. Such
sacondary DyJy, rearangements were shown by studies of circular
excision products in which pre-existing DyJy, joints were found (6).
Secondary DyJy rearrangements have also been implicated from
analyses of Dy joints in clones of pro- and pre-B | celis of fetal
liver and bone marrow earty in development (7).

Dy reamangements can occur in three reading frames (rf)
(8,9). The Dy segments carry promoter-ike elements upstream of
the coding sequences and an ATG start codon (at position — 63
for all Dgp segments, — 108 for Dy segments, and — 120 for the
Das, segment) which is ‘in frame' with Jy when the DuJy
rearragement occurred in rf Il. The protein product of such a rf i
rearranged locus, a truncated H chain consisting of Dy, J,;, and
C,. has been detected in one cell line (10). Since the Dgs
segmant carries a stop codon 48 nucleotides after the starnt, only
Dgp- and Dg -, but not Dggy-containing DyJy rearranged H chain
loci can express the rf |l rearranged locus as a truncated uH chain.

Pre-B cells express the proteins A5 and Vg, which can be
found on the surface as a surrogate light (L) chain (11,12), reviewed
in (13). One Abelson virus-ransformed cell line has been found to
express the truncated D,J,,C, protein together with surrogate L
chain on the surface (14).

DwJy joints in rf | are over-represented. Short stretches of
sequence homology in the Dy and J,, segments might help to
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align the recombining DNA strands and this is likely to contribute
to the ff | overrepresentation (3,89,15-17). When D-J
recombination reactions are measured with extrachromosomal
substrates transfected into murine pre-B cell lines in wvitro, i.e. when
D.Jy reaangements can occur without cellular selection, a
rearrangement using a four nuclectide overlap (as in Dyy rf 1)
occurs at 55% (18). A similar preference for rf | rearrangements
is observed in pre-B cells from fetal liver which do not express high
levels of the enzyme terminal deoxynucleotidyl transferase (TdT)
{19,20), and, therefore, do most often nat insert non-templated (N)
nuclectides into the Dyl joints (7,9,15,16,21,22). The insertion of
N nuciectides appsars to correlate with the level of TdT expression
(23,24) which is high in bone marrow-derived pre-B cells. N-egion
insertion reduces the preference for overlap-mediated joints (18).
A preference for rf | has also been found in chicken (25).

A different mechanism, apparently independent of TdT
expression, is the insertion of so called P nucleotides, which consist
of short palindromic (P) sequences specific to the joining ends of
the gene sagments (26). P nucleotides are present at the coding
joint when exonuciease activity is low (16) and have been frequently
observed in sequences derived from fetal liver (9,15,16,22).

While the preference for DyJy joints in rf | appears to be the
consequence of a molecular selection of DNA strands during
rearrangement, the suppression of rf Il is thought to arise through
cellular counterselection against those pre-B calls which expess the
truncated D,JyC, protein on their surface (4,27,28). Further
evidence comes from uMT mice which can neither express
DinC, protein nor uH chains on their surface due to disruption
of the transmembrane portion-encoding exon. In the non-functional,
targsted alleles of splenic B cells of heterazygous pMT mics, rf I
DypJy joints are normally represented and not suppressed (27).

The surrogate L chain can form a disutfide-bonded compiex with
DyJuC, protein as well as with xH chains (14, 29). Membrane
deposition on pre-B cells of DyJ,C, protein and uH chains may
well be dependent on this association with surrogate L chain, just
as membrane deposition of IgM on mature B cells is dependent
on the association of uH chains with normal L chains. If this were
so, then pre-B cells of mice with a defective AS gene (\ST mice,
(30)) should be unable to deposit DyJ4C, proteins in membranes,
which would also abolish the suppression of pre-B cells with H chain
loci Dy rearranged in rf I

In this paper we analyze the structures of Dy joints in pre-B
cslls obtained from fetal liver and bone marrow of normal as well
as A5T mice to determine their rf distribution. B220- ¢k pro-B
cells and B220+ c-kit* CD43* pre-B | cells are clonable ex vivo
with high efficiency and proliferate for long periods of time in vitro
on stromal cefls in the presence of IL-7 (7,31). Although a defective
A5 gene leads to the depletion of later stages of B cell development
(pre-B |l cells, immature B cells) and to a delayed appearance of
sig* cells in the periphery (30), the defect does not impair the
generation of normal numbers of pro-B and pre-B | cells (32). In
this paper we, therefore, also analyze the structures of DiJy joints
of pre-B ) cell lines and clones obtained from fetal liver and bone
marrow of nomal and AST mice. All Dgp segments and one of the

two Dn segmerts (.. Drye4), but not Deyeo a@nd Dggp are

detected by a polymerase chain reaction (PCR) with an
oligonucieatide primer which hybridizes in the 5 regions of all these
D sagments. A second oligonuciactide primer is employed to detect
Dasz-Jn joints.

Collectivety our results present evidence for the involvement of

surrogate L chain in the selection of rfs of Dy joints in pre-B cells,
which appears to function by a suppression of proliferation of pre-
B | cells with rf Il Dy rearranged H chain gene loci.

Methods

Mice

(C578L/6 (x) DBA/2)F, (BDF,) mice were obtained from Institut
fir Biologisch-Medizinische Forschung AG (Filfinsdorf, Switzertand).
Homozygous AST mice (30) were bred at the Institute’s animal
faciliies. Cells for FACS sorting and pre-B cell cutture were prepared
from different lymphopoietic organs at different developmental
stages (feta! fver, newbom and adutt liver, spieen, and bone marrow)
as described (7).

FACS staining and sort

Cell staining procedures and antibodies empioyed in the staining
reaction have been described previously (7,31). Cells expressing
B220, ckit, S7(CD43), BP1, or combinations thereof were sorted
using the FACS-Star Pius (Beckton-Dickinson, Mountain View, CA).

Cell culture

Cell suspensions were plated under limiting dilution conditions on
a feeder layer of 3300 rad irradiated stromal cells (PA-6 cells, (37))
in serum free medium containing murine riL-7 at a concentration
of 100 -200 U/ml. The culture conditions for the growth of these
norHransformed pre-B cells have been described previously (31).
Pre-B cell clones were expanded to ~5x 108 cells before they
were harvested for the preparation of DNA.

DNA Preparation

Cells (5x10% were harvested, washed in PBS, and lysed by
bailing for 5’ in 500 ul PBS. Proteinase K (Boehringer, Mannheim,
Germany; 20 ug/mi final) was added, the lysate digested at 55°C
for 3 h and boiled again to destroy Proteinase K activity.

The sofution was exiracted once with phenol:chloroform:iscamyt-
alcohol (25:24:1) and once with chloroform:iscamylalcchol (24:1).
DNA was precipitated with 1 volume isopropanol0.1 volume
NaAcstate, pH 5.2, centrifuged, the pellet washed with 1 volume
70% Ethanol, and air dried. The DNA pellet was dissotved in 500
pl 10 mM Tris, pH 8.3. Aliquots of 5 ul of this preparation (containing
the DNA of 5000 cells) were subsequently used for PCR
amplification.

PCR Ampiification and Cioning

The PCR conditions and cligonuciectide primers to amplify Dy —Jy
rearrangements have been previously described by Gu et al. (27).
The upstream primer binds 5’ of all D segments and Dg 464. The
downstream primer binds 3’ of J4, thereby generating PCR
products of different lengths according to the Jy, segment used for
rearrangement (7). A Perkin-Eimer Cetus DNA Themal Cycler and
Cetus Taq Polymerase (Perkin-Etmer Cetus, Norwak, CT) were used
for PCR amplification. Dy —Jy1 rearrangements generate products
of 1700 bp, B,y —Ju2 1450 bp, Dy -J43 1100 bp, and Dy —Jy4
600 bp respectively.

A different 5’ primer was used to amplify Dqs, rearrangements
in conjunction with the 3’ Jy primer. The primer sequence is
5'GCC TCA GAATTC CTG TGG TCT CTG ACT GGT-3'; it contains
an EcoRl cloning site. PCR product lengths are 2200 bp for



germiine, 1500 bp for Dg~Jy1, 1170 bp for Dg—Jy2, 790 bp for
Dq—Ju3. and 230 bp for Do —Ju4 respectively.

The PCR products and the M13mp139 vector (New England
Biolabs, Beverly, MA) were digested with two different restriction
enzymes (New England Biolabs) according to the enzyme
manufacturer's conditions (forced cloning), and size fractionated on
a low melting point agarose gel (Ultra Pure LMP Agarose; BRL,
Bethesda, MD). Bands of interest and the linearized vector were
cut out under UV dlumination, the agarose remetted, ligation reagents
and T4 DNA Ligase (Pharmacia, Uppsala, Sweden) mixed into the
agarose, and ligation carried out directly (39). Ligated vector was
heat shock transfected into compstent Escherichia coli JM 105
bacteria and plated out on YT plates. Recombinant plagues were
identified by plaque hybridization with a radioactive Jy4
oligonuclectide probe (AGGAACCTCAGTCACCGGATCCGT) (all
procedures according to (39)). Single-stranded M13 DNA was
sequenced using a Sequenase 2.0 sequencing kit (United States
Biochemicals, Clevetand, OH) and an |BI sequencing gel apparatus
(Eastman Kodak, Rochester, NY).

Results

Structures of DJy joints in FACS-sorted pre-B celis from fotal
liver and bone marrow of normal and AST mice

Cell suspensions from fetal liver or bone marrow of normal BDF,
and surrogate L chain deficient AST mice were sorted for B220*
c-kit* or B220* CD43* pre-B cells as described (7). and DNA
was prepared from these cells for DyJy joint sequencing. Table 1
shows 36 sequences of normal fetal liver cells (day 15, B220* ¢-
kit*), 25 sequences of A5T fetal liver cells (day 13, B220* c-kit*),
58 sequences of normal bone marrow cells (3 weeks of ags,
B220* c-kit* or S7* BP1+) and 31 sequences of A5T bone
marrow (14 weeks of age, B220+ ckit*). Pre-B cells from fetal liver
of normal (day 15) as well as AST (day 13) mice only rarely displayed
N or P nudectides (Table 1a and b), whereas bone marrow-derived
pre-B cells (normal: w3, AST w14) displayed high junctional diversity
due to added nucleotides (Table 1c and d). Table 3 summarizes
the sequencing data and was used to generate Fig. 1(a and b).

In the fetal liver of both normal and A\5T mice, most DyJ, joints
were in rf | (60—-67%) (Fg. 1a, 1 + 2). This is presumed to be
the consequence of a preferred alignment of short stretches of
sequence homology in the Dy and Jy segments. In thesse cells,
DynJy joints in rf 1l and rf 1l were present in approximatety equal
amounts (18 — 23%). This distribution of frequencies of rf | versus
rf 1l versus rf Ill By joints closely resembles the distribution found
in a system where recombinants of the DyJy type were generated
on extrachromosomal subsirates transfected into murine pre-B cells
of fetal liver origin i vitro, i.e. without selection in vivo (18). In addition,
the results in Fig. 1(a) also show that rf Il s not suppressed in fetal
liver pre-B cells ex vivo. It suggests that no selection of H chain
alieles and/or cells carrying those alleles has taken place at that
early stage of B cell development.

In bone marrow of normal and of A5T mice, rf | and rf IIl DyJy
joints are present at similar frequencies, ie. rf | is not over-
represented, and most of these joints carry N region sequences
inssrted by TdT. Hence this result agrees with Gerstein and Lisber's
findings (18) with extrachromosomal rearrangement substrates that
the constraint to align short homologous sequences of Dy and Jy
is diminished by TdT and N-region insertion. Although D, ~ Jiy
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Fig. 1. Presaence or absence of rf Il suppression in different populations
of pre-B cells from normal and A\5T mice. The figure shows the rf usage
in FACS-sorted pre-B cells (a) and cultured pre-B cefis (b). Values are given
as percent of total sequences analyzed. The numbers of total sequences
are given In Table 2 Panel! (a) ncludes DyJyrearrangements using De g4
or all Dge segments in cells of BDF1 fetal fver (1), A5T fetal biver (2), BDF,
bone marrow (3), and AST bone marrow (4). Panel (b) includes Dyy
rearrangements using Dgq¢ 1 Or all Dgp segments in cultured cells
obtained from BDF; fetal liver (1), 5T fetal fiver (2), BDF, bone marrow
(5), and \ST bone marrow (6), and Dy rearrangements using the DQS52
segment in cultured cells obtained from BDF, fetal liver (3) and A\ST fetal
liver (4). Details for sequencing of DyJy joints are given in Methods.

joints are not analyzed here, we expect that they show a similar
pattern of rf usage (ses Note added in proof).

Most important for the possible role of surrogate L chain in the
rf selection process is the finding that rf Il is represented in bone
marrow cells of AST mice in frequencies nearly equal to those for
rf 1 and rf 11, while it is suppressed in bone marrow cells of normal
mice (P=0.003) (Fig. 1a, 3 + 4). These results indicate that the
inability of pre B cells to express the surrogate L chain Vea/AS
abolishes the mechanism(s) which suppressas rf Il representation
in Dy joints.

Structures of Dy, joints in pre-B cell lines and ciones
proliferating in vitro

Pre-B cells from fetal liver and bone marrow of normal and AST
mice were cloned by limiting dilution and expanded by proliferation
on stromal cells in the presence of IL-7 to ~10° cells (.e. for at
least 20 divisions) as described (31). DNA was prepared and Dy
joints sequenced. Again, D,Jy joints of fetal liver-derived lines and
clones only rarely contained P or N nucleotides while those of bone
marrow frequently did (Table 2a—d). The rf | D, Jy joints were
found to be strongly over-represented in all lines and clones except
in D /Dgp — Jy joints of bone marrow from normal and AST mice
(Fig. 1b, 5 + 6). While Dgs; — Jy Joints in rf Il were unexpectedly
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Table 1 (cont.)
2 w TC TAC TAT GGT AAC TAC CICTITG gP2.1 3 | Ne
“ w TCT ATG ATG GTT ACT AC c G TTT GCT TAC TGG §P29 3 0 P
L1 TCTATGA TGG TTACTAC c C TAT GCT ATG GAC TAC TGG 8P2.9 4 W P
2 L] TC TAC TAT GAT TAC TC C TAT GCT ATG GAC TAC TGG 8P2.2 4 1 P+
a L] TCTACTATGG JIAACTAC GCcC T TAC TAT GCT ATG GAC TAC TGG SP2.1 4 ] N+
H ow TCTACTAIGA cTT TAT GCT ATG GAC TAC TGG §P22 4 m P
0 owk TCTAC cc ATGCTATGGACTACTGG 8P22/3d 4 [Ne N+
v w2 TCTAC TATGGTAAC T cce AT TAC TAT GCT ATG GAC TAC TGG  8P2.18 4 Ne
o ow2 TC TAC TAT GGT G AC TAT GCT ATG GAC TAC TGG 8P2.34 4 Ne?
o CCTACTAIAGT AT GCT ATG GAC TAC TGG  8P2X 4 m -
w w2 CC TAC TAT AGT AAC cacc CT ATG GAC TAC TGG  §P2.X 4 Ne
TeJul: XN 4 (B Arkers reading
e, origin D-segment N#-sequence J-eegment o] J  tame NP-seq
an TCT ACT ATG ATT ACG AC GGGa GCT ATG GAC TAC TGG  8P2.2 4 1 -
G12 TCTATGATGG TTA TC CGATGTC TGG 5P29 1 [~ S
[3F] TC TAC GAT GGT TAC 66 GCTATG GAC TAC TGG  8P2.1 4 | .
G14 TCT ACT ATG ATT ACG AC GGAG TITGCT TAC TGG  $P22 3 N .
G2 TCT ACT ATG GTT ACG AC GGTGA AC TTT GAC TAC TGG 8P2.34 2 .
G24 TCT ACT ATG ATT ACG AC G GGG GCTATG GAC TAC TGG  5P2.2 4 0 .
[e)] TC TAC TAT QGT AAC TAC ACC TITGCTTAC TGG §P2.S 3 1 .
32 TCT ATG ATG GTT ACT AC GTCR GCT TAC TGG 8P2.9 LI I
3] TCT ACT ATG ATT AC ccer TITGCTTAC TGG P22 LI T
G41 TC TAC TAT GAT TAC GAC AYG GCT ATG GAC TAC TGG 8P2.2 4 .
G42 CC TAC TAT AGT AAC TAC GGG GG T GCT ATG GAC TAC TGG §P2.X 4 1 +
Ga TC TAT GAT GGT TAC cTT YT TTAC TAT GCT ATG GAC TAC TGG 8F2.9 4 0 .
G44 TC TAT GAT GGT TAC TAC TAT GCT ATG GAC TAC TGG 8P2.9 4 -
H1Y TCTACTATGGTA A GG GG C TAT GCT ATG GAC TAC TGG §P2§ 4 0 .
Hi2 TCT ACT ATG GTA ACT AC GTCG GCC TG TTT GCT TAC TG §P2.5 20 .
H21 TCTATGATGG I MG GG TTT GCT TAC TGG 8P2.9 10 .
H3Y TCTAIGA TGG TTAC CA AGC CTA CGA GCT TAC TGG 8P29 3 om .
HX2 CCTACTATAGIAACT TCCG A TTGCTTAC TGG 8P2.X 3 m .
H34 CCT ACT ATA GTA AC cecer TIT CCT TAC TGO §P2.X 3 ] .
42 TCTACTATGG TT G GGG GCT ATG GAC TAC TGG 8P2.34 4w .
Hay TCT ACTATG G oG GG C TAT GCT ATG GAC TAC TGG 8P25 4 0 .
Haa CCT ACT ATA GTA ACT AC TA AT GCT ATG GAC TAC TGG 8P2.X 4 U .
3 TCT ATG ATG GTT ACT AC G TAC TAT GCT ATG GAC TAC TGG  §P2.9 4 N P
J3 TC TAT GAT GGT TAC cCr TITGCT TAC TGG 8P29 ) B
&2 TCT ACT ATG GTA ACT TCT TAT GCT ATG GAC TAC TGG §P25 4 B .
22 TC TAC TAT GAT TAC GAC CCCTITT AC TAC TTT GAC TAC TGG  8P2.2 2 .
™ CCTAC TATAGT A CG cCT TITGCT TAC TGG §P2X 3 +
41 TC TAC TATGGT JA QAGA TAC TAT GCT ATG GAC TAC TGG  8P2.aM 4 1 -
2 TCTA JGA TGG TTA AAG GG T GCT ATG GAC TAC TGG 8P29 4w .
o CCTAC c CT ATG GAC TAC TGG SP2A7N1/X 4 1 Ps-
S TCTAIRA TAG TTACTAC AGTITT CT ATG GAC TAC TGG 8P29 « m .

fana, origin D-segenent NP -sequence J-segraent ]
A} cone TC TAC TAT GGT TAC GAC TGGTACTICGATGTC TOG 3P 2.aM
81  cdawd TT TAT TAC TAC GGT AGT AGC TAC TACTITGACTACTOG A1k
B2 coneS TTT ATT ACT GCG GTA GTA GCT GACTACTGG FL181
Cl  coned TT TAT TAC TAC GGT AGTAGC T TIGACTACTGG FL16
El  cone 18 TTTATTA CTACOQ IAGTA CTITGACTACTGG R 181
a1 PALY TAT TAC TAC GGT AGT AGC TAC TACTITGACTACTGG R 181
b2t Md12 CC TAC TAT GGT AAC TAC TACTITGACTACTGG 8P27
B2 fd12 TCT ACT ATG GTA ACT AC TGCTATGGACTACTRG 8P2185
b23 nd12 TC TAC TAT GGT AAC TACTGG SP218
cl %d12 TC TAC TAT GGT TAC GAC GCT ATG GAC TAC TGG

2 #d12 TC TAC TAT GGT AAC TA TTACTATGCTATGGAC TACTGG 8P 214
21 fdn2 CC TAC TA CTITGACTACTGG 8P 287
@2 fid12 TC TAC TAT GGT AAC TAC TITGACTACTGG SP215
[} fd12 TCTA CTATGG TATGCTATG GAC TACTGG 8P 234
d1i adi2 TC TAT TAT GGT TAC TACTATGCT ATGGAC TACTOG  SP 234
d  Ad2 TCTATCATGG TTAC ATTACAGTGCTATGGAC TACTGG 5P 23
a1 8d12 TC TAC TAT GG CAA GGC 8P 2
@22 fd12 CC TAC TAT AGT TAC GAC TACTAGGACTACTGG SsP28
d23 fie12 TCTACTA TGG TITGACTACTGG 8P 23M
@ Adi2 TC TAC TATGGT A ACTATGCTATGGACTAC TGG 8P 23
Hi  ad1d CC TAC TAT AGT AAC TA TTAC TATGCT ATGGAC TACTGG 8P 2.X
H3  #d13 CC TAC TAT AGT AAC TA TTACTATGCTATGGAC TAC TGG 8P 2X
m1 Flﬂ.]lﬂl!)TOTACTATm GCTTRG TITGCTTACTGG 3P 2.3
(AR TC TAC TATGGT AAC TAC TG TACTICGATGTCTGG $P 218
74 ld M TC TAC TAT GGT AAC TAC GCTATGGACTACTGG SP218
72 Ndi4 CC TAC TAT GGT AAC TA TTACTATOGCTATGGACTACTGG 8P27
ol fd 18 T CTA CTA TGG IAA CTA TACTATGCTATGGACTACTGG SP218
n 1415 CC TAC TAT GGT AAC TAC TATGCTATGGACTACTRG SP27
gy #d1S TCT ACT ATG GTA ACT AC TTACTATGCTATGGAC TACTGG 8P21S
w® fdis TCTACTATGG TTA TACTATGCTATGGAC TACTGG P 234
Q2 Adis CC TAC TATCGT A ACTACTRG &P27
N fd1s CCTACTAIAGTA TGCTATGGACTACTGG 8P 2.X
R 1d1s TC TAC TAT AGT AAC GCTATGGACTACTGG SP2.15S
ha2 Ad1s CC TAC TAT AGT AAC GACTAC TGG 8P2.X
al LLAL) CCTACTATGG TATGCTATGGACTACTGG S5P27
h id18 TT TAT TAC TAC GGT AGT AGC TA TGACTACTGG FA 181
1 e C CTA CTA TGG TACTGG &P2M7
B L8] TC TAT GAT GGT TAC TITGCTTAC TGG  SP29
B2 2 CC TAC TAT AGT AAC TA TTACTATGCTATGGACTM:TN SPax
B4 182 TCT ACT ATG GTA ACT AC anT TACTGG 8PS
c1 1ns2 TC TAC TAT GGT AAC TAC TATG:TATOGACTACTM w215
D1 191 TCTAC TATGGT AAC T GACTACTRG 8P2.1A
E1 2 TC TAC TAT GGT AMC TAC GTG GG CTACTGG 8P2.18
82 182 CCTACT ATAGT TACT ATAGTT ACGAC G JAG ACC TACTGG  8P2X+2.
£3 192 TC TAC TAT GG ca ACTTTGACTACTGG  8P2.aM
E4 1 CC TAC TAT AGT AAC TAC GACTACTGG 8P2X
Fi1 w2 TC TAC TAT GAT TAC G CTTACTGG 8P22
G 193 TC TAC TAT GGT AAC TAC [epre]e] QG sP21s
H1  FioL4 ACCaG GTITGCTTACTGG  8P?

H2  Figl4 TC TAC TAT GGT AAC TAC 7T TITGCTTACTGG  §P218
J Fi9Ls TCTACTATGG TT TOCTTACTGG SP234
R FILs CC TAC TAT AGT AAC TAG TACTITGACTACTGG  8Pa2X
) FioLs TC TAC TAT GQGT TAC GAC TGG TACTTCGATGTC TGG  8P23M
K1 Fi1oLs TT TAT TAC TAC GGT AGT AG GTACTICQATGTCTGG AL181
2b) qutured LOT/LST teta) Fver preB colls

e, origin D-segment NP -sequence Jsegment ]

Al B2 TCT ATG ATG GTT ACT AC CTGG TITGCTTACTGG  5P28
A3 L8121 TCTACTATTGG T TA TITGCT TACTGG  8P210
A} B2 TCT ACT ATG GTA ACT AC GT ATTACTATGCTATGGAC TAC TGG  5P21/8
al L5121 TCTACTATGG TT TGCTTACTGG SP2aM
2 B2 CC TAC TAT AGT AAC TAC GCTATG GACTACTGG  8P2X
[- IR SF R TC TAC TAT GGT AAC TAC GACTACTGG 8P215
1812 TCT ATG ATG GTT ACG TAT GCT ATG GAC TAC TGG  3P2.3M
Bt 15122 OC TAC TAT AGT AAC T GCTTACTGG 8P2x
R] L1222 TC TAC TAT GGT AAC TA TGCTATGGACTAC TGG  SP215
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26 Surrogate L chain in DJ rf 2 suppression

Table 2 (cont.)

B 15122 TC TAC TAT GAT TAC GAC T AC TAC TTT GAC TAC TGG
B4 LS.122 TCTACTA TGG TA C TTC GAT GTC TGO
bt 122 CCTACT TT GAC TAC TGG
2 L8122 TCT ACT ATG ATT TOG GCC TGG TTT GCT TAC TGG
<1 WB123 TC TAT GAT GGT TAC TAC AC GAC TAC

Q@ 1’2y TC TAC TAT GGT AAC TAC TOG TAC TTC GAT GTC TGG
© 18123  TCTACTATGATTA T GCT ATG GAC TAC TGG
C4 5123 TCTACTATGATTACG TIT GCT TAC TGG
o1 18123 TOT a6
a 15123 CCTACTAIAGIAACTAC ar GAC TAC TGG
D2 15124  TCTACTATGGIAACT T GAG TAC TOG
D) L5124  TTTATTAC TACGGT AGT AGC TAC TGG TAC TTC GAT GTC TGG
a L5124 TC TAC TAT GGT AAC TAC TAT GCT ATG GAC TAC TGG
ol La128 TC TAT GAT GAT TAC TAC TAC TTT GAC TAC TGG
@ 15125 OCTACTATAGTAACTAC TIT GAC TAC TGG
o 128 TC TAC TAT GGT AAC TAC TAT GCT ATG GAC TAC TAG
FI L5127  TCTAIGATGG TTACT TGCT TAC TG
F2 (8127  CCTAC TATAGTAACTAC TAC TTT GAC TAC TG
F4 (8127  CCTACTATAGTAACT c C TATGCT ATG GAC TAC TGG
-] w127 TCT ACT ATG GTA ACT GCT TAC TGG
-] [V} 3 ) TCT ACT ATG ATT ACG A ag GCT ATG GAC TAC TGG
1] L5128 TC TAC TAT GAT TAC GAC TAT GCT ATQ GAC TAC TGG
91 L5128  CCTACTAIAGIAACTAC ar TAC TAT GCT ATG GAC TAC TGG
92 15128  TCTACTATGATTACG AC GIGAT AT TAC TAT GCT ATG GAC TAC TGG
¢ 5128  TTTATIACTACGGIAGTAGCTAC GG GCT ATG GAC TAC TOG
H1 w129 TC TAC TAT GAT TAC GAQ GCT ATG GAC TAC TGG
H2 L5129  TCTATGATGGITAC ©TGG TTT GCT TAC TGG

M 11289 TCTATGATGGTTACTAC TTT GCT TAC TBG
2 151290  TCTACTATGATTAC ccr TIT GAC TAC TGG
M 15128 TCTAC TAT GATTAC GAC c TT GAC TAC TGG

sP22
§P2.158
sP22
5P29
SP218

R

sP218
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8P2.18
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L1 bioodd7 TTTATTACTACGGTAGTAGCTAC GGG GG T TAC TAT GCT ATG GAC TAC TQG
1LY verd? TITATTACT ACG G [ C TAT GCT ATG GAC TAC TGG
171 wed TC TAT GAT GGT TAC T CT ATG GAC TAC TGG
172 werd2l TCTACT ATGGTT ccecTC T TAC TAT GCT ATG GAC TAC TGG
174 werd2l TC TAC TAT GAT G‘ACTCCATTK:TATGCTATOGACYACTM
181 rd28 TCTATGATGGITAC TACG IGA GCT ATG GAC TAC TGG
102 vwd2 A GCAT AT TAC TAT GCT ATG GAC TAC TGG
131 wplsead7 CCTAOCTAIAG TAA AGG GG C TAT GCT ATG GAC TAC TGG
141 splsend1 TCTAC cCTTG AT GCT ATG GAC TAC TGG
132 splsend 21 TCTACT ATG ATT ACG TAT GCT ATG GAC TAC TGG
al B2l (w@) TCTAT GATGQT TAC TAC TAT GCT ATG GAC TAC TG
3  Bm24(twd) CCTACTATAGIAACTAC TAGG CTAC TGO
o) B4 CC TAC TAT QG AGTOGATTGCCIOAGCCTAA‘I‘I’OCTTACTG
d1 BraLs TCTACT ATQ ATT ACG AC GGACGAC GGA C AC TGG
n Bea21L10 (w2) TC TAC TATGGT AAC T cc TTTG:TTACTGJ
El Bm21.12 (w@) CC TAC TAT AGT AAC TAC c QG TTT GCT TAC TGG
1 bmwld ACT ATC GTA ACT AC TGGA TTT GAC TAC TGG
N4 bmwd T TTATTA CTA CGG JAG TAG CT cCaTTa T TGG
R1 bww)d CC TAC TAT CGT [e11e] e AC TTT GAC TAC TGG
101 bmwld TCTACT ATG GTT AC TCT C TAT GCT ATG GAC TAC TGG
103 bmwd TCTACT ATGATTA [} C TAT GCT ATQ GAC TAC TGG
104 bmwd A T0A TGG TTA TACCC cCcC TAT GCT ATG QCC TAC TGG
22 bmwd CC TAC TAT AGT TAC TAT AGT GAC GAC TGG TTT GCT TAC TGG
1 bmwd TC TAC TAT GAT TAC GAC GTG GGQ GCT ATG GAC TAC TGG
M B2 CC TAC TAT AGT AAC TAC TGG TTT GCT TAC TG
53  BeaSi2 TTT ATT ACT ACG GTA CCG AGA G GG TTT GCT TAC TGG
it BaSl4 TCTACTATGG JAACTAC TTTIC GCC TGG TTT GCT TAC TGO
N BefSlS (wS) CCTAGTAIAG TTACGA TGG TTT GCT TAC TGG
d1 BmSis twS) TCTACTATGGTAACT T C TAT GCT ATG GAC TAC TRG
-l te) TC TAC TAT CGT AAC TAC AT TTC GCC TGG TTT GCT TAC TRG
2 BDB142 OC TAC TAT AGT TAC TAT AGT TAC GAC GTAGGAG ATTACTAT@TATGGAO
1.1 tmwil CC TAC TAT AGT TAC TAT AGT TAC GAC TTT GCT TAC TGG
L btmwis CC TAC TAT AGT AAC TA TTACTATMTATGGN:TM:TN
m bawis TCTACTATGG JAACTAC TCOG TTT GAC TAC TQG
a2 bawis CCTA CTATCG TAG GGG QGA TTTGACTACTM
NP-ssquence J-W
Al PLE-3 CC TAC TAT AGT AAC TAC TG GAC TAC TGG
M P TTT ATT ACT ACQGT TTACTATGCTATOGACTICT@
81 P20 TCT ACT ATG GTA ACT AC G JAG MG GCT TAC TGG
B2 P20 TITATT ACT ACGGT € TRG TTT GCT TAC TGG
B P20 CTAIAG GTACGA C T TGCC TOG TIT GCT TAC TOG
C1 1532 CCTACTAIAG AGG GCT TAC TGG
D1 L5-34 CT ACT ATA AMLCGTCCC € TGG TAC TTC GAT GTC TOG
8 a7 CC TAC TAT AGT AAC TA T TAC TAT GCT ATG GAC TAC TOG
E$ 1527 TTTATTETACNTAG’TA(K:TAC GAT TAC TAT GCT ATG GAC TAC TGG
F L5-3.10 TCT ACT ATG QTA G QGG AT C TTT GAC TAC TGG
Gl L5202 CCTACTATGG GAGAGG T AC TAC TTT GAC TAC TQG

name, origin

Al F122 CT AAC TGG GAC
A2 Fl22 CTAACT GGG A
al  Fl2 CIAACTG GG
a2 F22 CTAMCTGG G

3 Fizz CTAACT

ot Flaz CT AAC TQG GAC
Bl F1a2 CTA ACT GGG ACC
B2 Ffn2 CTGGRAC
N Faz CTAACT GGG A
B4 FL2 CTA ACT GGG AC
» Fiau1 CIAACTGGGAC
|- Bt 8] c cT

of Fiaz CT AAC TGG GAC
[} Fin2 CIA CTG GG
a3 CIAACTOGGAC
of Finz CTAAC

A s CTAC TRG G
@ Pa CT AAC TGG GAC
C  Fuy CT AAC TGG

4 A CT AAC TGG GAC
4] 4 CT AAC TGG GAC
oz K52 AA

03 Fis2 CIAACTGO

o1 Fii2 CT AAC TGG GAC
« Fi52 CTA ACT GGG AC
M1 CT AMC TGG GAC

TAC TGG

TAC TTT GAC TAC TGG

€ TAT GCT ATG GAC TAC TGG
CT ATG GAC TAC TGG

AC TGG

TAT GCT ATG GAC TAC TG
TG

GG GG
TT

cT
ATT

AT TAC TAT GCT ATG GAC TAC TGG
TAT GCT ATG GAC TAC TGG

AT TAC TAT GCT ATG GAC TAC TGG
AT TAC TAT GCT ATG GAC TAC TGG
C TAT GCT ATG GAC TAC TGG

AT GCT ATG GAC TAC TGG

TAC TTT GAC TAC TGG

AT TAC TAT GCT ATG GAC TAC TGG
GCT ATG GAC TAC TGG

AT TAC TAT GCT ATG GAC TAC TGG
TTT GAC TAC TGG

cT
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Surrogate L chain in DJ rf 2 suppression 27

Table 2 (cont.)

3] Fiau CTA ACT GGG AC Q

E3 Felt CTAMCTOG G

E4  Fisll CT AAC TGG GAC

fi FisL1 CTAACT G ACC

-4 FisL1 CTAACT GGG A

n Fie1 CTA ACT GGG AL T AGG AGG

K1 w2 CT AAC TGG GAC

F4 12 CTAAC TGG G GG

g 2 CT AAC TOG GAC

¢ 12 CIMCTQG

o B2 CTA ACT GOG AC

n 122 CIA CTGGGAC GTACTG

o "2 CT AAC TOG

- 12 C JAA CTG GGA

[ 102 CT AAC TRG GAC

o I3 CT AAC TOG GAC

H1  Fist4 CTA ACT GGG G

H4e  Fis4 CTAMCT T
FioL4 CT AAC TGG GAC GAA

g Fisla CIAACTGQGAC GG GA

v L2l I} CTA ACT GGG ACC

w2 Fiol4 CTA ACT GGG A AA GG

h1 192 CTA ACT GOG AC GGGa

M 192 CIAMCTR G

L)l 192 CT AAC TGG

S 12 CTA ACT GGG

W 192 CTAACT

w 192 CIAACTGGGAC GG GG

a2 CTA ACT GGG

wt 192 CTACT

K1

K L CT AAC TQG GAC

a2t CTAACT GGG A GG GG
QL2 CTAAAC TGG G ]
K4 L5122 CTAAC TGG G

h 15122 CT AAC TGG GA

3 L5.122 CT AAD TOG AT
[} L5122 CTAACT GGG A T
L1 L5123 CT AAC TGG GAC

12 L5123 CTA ACT GGG T
[ IV 873 ) CTA ACT GGG

wml 15123 AA

2 L5123 CTAACT GGG A

m3 15123 CT AMC TOG GAC

o4 18123 CTAACTG c
wi L5123 CTA ACT GGG

w2 5123 CT AAC TGG GAC

w3 15123 CTAACT

M1 LE124 CT AAC TGG GAC

M2 L5124 CTA ACT GGG ccT
a1 L5124 CTA ACT GGG AC (<]
a2 L5124 CTAAC TGG G cecce
nd L5124 CJIAA CTG GGAC (13
N1 L8125 CT AAC TGG GAC

K s CIM CTG

ol L5128 CTAACT

oy Lsa2s CTA ACT GGG AC

o1 L5127 CT GAC TGG GAC A
[o- BT R+2 ) CTAMCTG AC AT
Qw27 CTA ACT GGG AC

o4 L8127 CTAAC TGGG acT
Pt L8127 CTAACTGGG c
R 1B127  CTAMT

0 127 CTA ACT GGG AC

P2 15128 CTAAC c

n 5128 CTAACT

Rl L8129 CT AAC TGG GAC

R L5129 CT AAC TGG GAC

R4 15129 CT AAC TGG GAL

3] L5.129 CT AAC TGG GAC

22 L8129 CTAACT

4

AT TAC TAT GCT ATG GAC TAC TGG

GAC TAC TGG

GG TAC TTC GAT GTC TG
TAC TGG -

Pe
AC TAT GCT ATG GAC TAC TGG
GCT ATG GAC TAC TGG

TAC TGG

TTT GAC TAC TGG

TAT GCT ATG GAC TAC TGG

AC TAC TGG

T TAC TAT GCT ATG GAC TAC TGG
AC TAC TTT GAC TAC TGG

AC TAC TTT GAC TAC TGG

GAC TAC TTT GAC TAC TGG

T GAC
GCT ATG GAC TAC TGG
AC TAC TGG
TGG TAC TTC GAT GTC TOG
TGG TAC TIT GAT GTC TGG
AC TAC TTT GAC TAC TGG
T GAC TAC TGG
TAC TTT GAC TAC TGG
AC TAC TTT QAC TAC TGG
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TTT GAC TAC TGG

GCT ATG GAC TAC TGG

TAC TAT GCT ATG GAC TAC TGG
C TAT GCT ATG GAC TAC TOG

C TAC TGG

GAC TAC TGG

T GCT ATG GAC TAC TGG

C TAT GCT ATG GAC TAC TGG

T TAC TAT GCT ATG GAC TAC TGG
TOG TAC TTC GAT GTC TGG

AC TAC TTT GAC TAC TGG

TAC TTC GAT GTC TGG

T TAC TAT GCT ATG GAC TAC TGG
TG GAC TAC TOG

GCT ATG GAC TAC TGG

C TAT GCT ATG GAC TAC TGG
TIT GAC TAC TGG

TTT GAC TAC TGG

AC TGG

TQG TAC TTC GAT GTC TGG

TAC TGG TAC TTC GAT GTC TGG
QCT ATG GAC TAC TGG

T TAC TAT GCT ATG GAC TAC TOG
T GCT ATG GAC TAC TGG
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Tables 1 and 2

DJ sequences are shown as follows. name, origin indicates the name and cellular ongin of the sequence D-segment shows the nucleotides assigned
to Dy. In case of overlaps, nucleotides that could be encoded by either Dy or J segment are added to the D-segment. Stop codons are underiined.
N/P sequence shows added N or P nucleotdes, J-segment the nuclectides assigned to Jy;. D and J are the names of the segments used for
rearangemant. O + indicates overlaps between D and J. When a rearrangement in rf lll is functional (+), i.e. contains no stop codon, or a rearrangement
in rf | or Il contains a stop codon, this 1s Indicated together with the rf 141, D-D, or 2. DJ indicate Dy to Dy, fusion: N+, P+, NP+, or — indicate

the presence or absence of added nucleotides at the junction.

infrequent In fetal liver-derived pre B celis of AST mice, rf Il joints
were present in expected frequencies (~ 20 — 35%) in all other joints
of all ather cell populations (Fig. 1). We conclude from these findings
that the proliferative expansion of pre-B cells in tssue culture does
not alter the frequencies of representation of rf | and rf Il within
the H chain gene loci of these cells (compare Fig. 1a and b).

Similarty, the representation of rf Il did not change significantly
upon in vitro expansion of pre-B cells from fetal liver of AST or from
bone marrow of normal and AST mice, although rf |l suppression
appeared less pronounced in Dg /Dgp — Jy joints of normal pre-B
cell lines from bone marrow (Fig. ib, 5 + 6)

Most important for the possible role of the surrogate L chain in

the rf selection process are the following findings: () f Il is
suppressed in fetal liver By /Dg — Jy joints of pre-8 cell clones and
Ines from normal, but not from AST mice upon proliferative
expansion in vitro (P=0.038) (Fig.1b, 1 + 2) and (i) rf Il is not
suppressed in Dgs, ~ Jyy joints of the same lines from the same
mice (Fig. 1b, 3 + 4). Therefore, we conclude that proliferative
expansion in vitro can establish suppression of if 1l in cell populations
which do not show such rf Il suppression when they are isolated
ex vivo. The findings also indicate that the usage of Dgs
(containing a stop codon) does not allow this establishment of rf
Il suppression in vitro and suggest that a D,JC, protein might be
operative in the rf Il suppression.



28 Surrogate L chain in DJ rf 2 suppression
Table 3. Dy, rf distribution in preB cells

1. FACS-sorted cells
DSP/DFL normal fetal liver day 15 (36 sequences)

rf 24 (87%)
il 6 (17%)
Al 6 (179%)
DSP/DFL ST fetal liver day 13 (25 sequences)
il 15 (60%%)
all 6 (24%)
Al 4 (16%)
DSP/DFL normal bone marrow cells 3 wesks (58 sequences)
i 23 (40%)
Al 7 (1294)
rfill 28 (48%)
DSP/DFL AST bone marrow 14 weeks (31 sequences)
hi 11 (35%)
i 13 (429%6)
il 7 (23%)

2. Cells from pre-B cell cultures
DSP/DFL normal fetal fiver (54 sequences)

rfl 38 (70%0)
il 5 (996)
rf il 11 (20%)
DSP/DFL ST fetal liver (38 sequences)
i 20 (53%)
il 11 (299%6)
il 7 (18%)
DOSP/OFL normal bone marrow etc. (34 sequences)
il 15 (449%)
i 8 (24%)
[odlll] 11 (32%6)
DSP/DFL AST bone marrow (11 sequences)
i 3 (27%)
il 5 (45%)
il 3 (27%)
DQ52 normal fetal liver (55 sequences)
i 26 (47%)
dll 16 (29%)
Al 13 (24%)
DQS52 A\5T fetal kver (43 sequences)
1 25 (58%)
il 15 (35%%)
ll 3 (7%%)

All results taken together imply that a membranse-bound Ig-like
complex of truncated DyJyC, protein and surrogate L chain
suppresses the representation of H chain gene loci which are
Dy rearranged in rf I,

Discussion

We found that N sequences in Dy, joints are very frequent within
precursor B cells from bone marrow, but very infrequent within
similar cells from fetal fver. This confirms findings of other laboratories
(9,15,16,21,22). Furthermore, it was found that H chain gene loci
which are D,y rearranged in rf Il (8) are suppressed in pre-B cells
of normal mice (3,27) We have concentrated our analyses on pre-
B cells which are in the process of, or have completed Dy, to Jy
rearrangements but which have not yet begun V. to Dy
rearrangements. These cells, which we call pre-B | cells (4), express
CD45R, CD43, and ¢c-kit, are clonable and will proliferate for long

periods of time in vitro on stromal cells in the presence of IL-7 (31).
When transplanted into SCID hosts, they repopulate B lineage
compartments for long periods of time (31). Our results suggest,
as do also the results of others (3,6,22,27,33), that at least part of
the suppression of rf Il is established at the earty pre-B | stage of
B cell development, i.e. during and directly after Dydy
rearrangement. It does not rule out that later stages of B cell
development continue to favor rf I+earranged H chain loci over those
rearranged in rf Il or Ill.

The two different oligonuclectide primers (D /Dgp and Dasy)
used in the PCR reaction bind upstream of 14 out of 15 functional
D segments. The frequencies of representation of Dy and Jy
sagments in the analyzed sequences do nat necessarily reflect their
representation in the pre-B cells which we have analyzed, since
different primers were used in the PCR reactions for Dgs, and
D /Dgp, since it is unknown whether the 5’ regions of all Dy_and
Dy segments act with equal efficiency as acceptor sites for the
primer used, and since the different lengths of D—J,, D-J,,
D-J;, and D—-J, joints are likely to influence the efficiency of both
PCR and cloning. In summary, however, rf Il suppression is
observed in D - and Dgp-containing H chain gene loci joined to
either J41, 2, 3, or 4.

The situations in which suppression of rf Il is not observed shed
light on the mechanism by which this suppression is mediated in
pre-B cells.

() Dgsz — Ju joints in normal mice. Since Dgs, ~ Jyy joints cannot
be translated into a D,JyC, protein due to a stop codon, this resutt
suggests that the DyJyC, protein is involved in suppression.

(i) The non-functional D,.J,; rearranged alleles of spienic B cells
from uMT mice (27). This suggests that the DyJ,C, protein has to
be inserted into (surface) membranes.

(i) Pre-B cells from fetal liver of normal mice ex vivo. This suggests
that early fetal liver cells have not had sufficient time to proliferate
as DyJy rearranged cells, and that they rearrange Dy to Jy
preferentially in rf | due to short sequence homologies in D and
J segments (9). The frequencies of rf | versus rf Il versus rf Il in
early fetal liver cells resemble those of similar joints generated in
fetal liver-derived pre-B cells with an extrachromosomal substrate
for such rearrangemsents (18).

By contrast, pre-B cell clones from earty fetal liver of normal mice,
expanded in vitro by proliferation for ~20 divisions, show rf I
suppression. This suggests that pre-B cells establish rf Il suppression
by proiiferation and that fetal liver derived cslis can do so in vitro.

(iv) Pre-B cells from AST mice. This suggests that the surrogate
L chain V. may form a disulfide-bonded, Ig-ike complex with
DyJuC, protein and insert this complex into the (surface)
membranes in normal mice.

Ligands fitting the complementarity-determining regions (CDR)-
like structures (CDRs of variable regions of Ig H and L chains) of
this complex (13) , possibly provided by stromal cells, may signal
these pre-B cells to stop proliferation while pre-B cefts not expressing
this complex on the surface (.e. with H chain gene loci Dy
rearranged in rf | or i1l or pre-B cells of uMT or A5T mice) continue
to expand and thus overgrow those with rf |l.

(v) Pre-B cells from bone marrow of normal mice, expanded by
proliferation in vitro. These cells show some, but much less
pronounced suppression of rf |l, especially when compared with
pre-B cells from bone marrow of normal mice analyzed ex vivo and
when compared with pre-B cells from fetal liver of normal mice
expanded in vitro. This resutt needs to be analyzed in greater detail



with many more sequences to see how N-region insertion could
influence the structures of D.Jy joints. t might be that this N-region
insertion leads to insertion of amino acids in the Dy to Jy joining
site, i.8. within CDR3 which might interfere with the signaling function
of the DyJuC,—surrogate L chain complex leading to rf Il
suppression in pre-B cells.

In principle our results, as well as those of other investigations
(3,9,15), cannot formally rule out the atternative possibility that pre-
B celis with rf | and lll rearranged H chain loci are selectively
expanded while those with rf |l are not, but are also not inhibited
or deleted. While the suppression of rf Il can be explained by the
expression and suppressive function of a membrane-bound
DyJnC, —surrogate L chain complex on pre-B cells we have at
present no good mechanistic explanation for a possible expansion
of pre-B cells with rfl and rflll D,yJy rearranged H chain loci.

if DiJpC, protein is indeed involved in suppression of pre-B |
cells with rf Il Dy, rearranged H chain loci, then at least 15— 20%
of all pre-B | cells in fetal liver and bone marrow of A5T mice should
express DyJyC, protein. We have begun to analyze these pre-B
cells for Dy, C, protein expression, but the levels of expression
appear to be so low that immunofiuorescence analyses and western
blotting of protein have nat yet detected D,J,,C, protein with
certainty.

Although rearrangement in three rfs can In principle lead to a
more diverse repertoire of antigen-binding variable regions, it is
surprising that the repertoire of B cells appears to be biasad towards
only one of these three s, i.e. rf I. First, sequence homologies In
D and J favor rearrangements in rf | at the malecular level, stop
codons in 50% of the D segments disfavor expression of H chains
in rf il Furthermore, the results of this paper extend previous findings
that rf Il 1s suppressed and that this may be achieved by a
DyJuC, —surrogate L chain complex. in fetal repertoires the lack
of N region insertion further restricts the variability in CDR Ill. It
remains to be a matter of debate (34) why the immune system would
in such a way suppress its potential for generating vanable regions
of antibody molecules. It has been proposed that these invariant
receptors could recognize self antgens in their environment and
that this recognition may be importart for the original expansion
of precursor B and B cslls to fill up the B cell compartment (35,36),
reviewed and discussed in (28).
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Abbreviations

CDR complementarity determining region
H heavy

L light

ST mice homozygous A5 knockout mice
uMT mice uH membrane exon knockout mice
N non-templated

P palindrome

PCR potymerase chain reaction

rf reading frame

TdT terminal deoxynucleotidyl transferase
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Note added In proof

We have recently sequenced Dqsp —Jy joints of sorted cells from bone
marrow of normal and A5T mice. They show the expected rf distribution
normal mice (28 sequencas): rf 1, 12 (4306); rf II, 7 (2594); rf I, 9 (329b);
AST mice (31 sequences): rf 1, 11 (35%); rf Il, 11 (35%); rlil, 9 (25%).



