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SUMMARY

30A cDY clone was constructed from a mRNA encoding an anti-GAT (Glu60
Ala Tyr ) BALB/c monoclonal antibody heavy chain. Its sequence,
covering codons -5 to 162 and therefore encompassing the complete V-D-J
region, was determined. Surprisingly, the sequence of the VH gene-encoded
region was almost identical with that of the BALB/c VH anti-NP
(4-hydroxy-3-nitrophenyl) acetyl V region, suggesting that the same V
germ-line might be used to encode Vwo heavy chains contributing to antYbodies
of discrete specificities. A specific VH probe was derived and annealed to
Eco RI and Bgl II restriction fragments of liver (unrearranged) DNA extracted
from the BALB/c, DBA/2 and C57BL/6 mouse strains that differ in their H chain
allotypes. Under stringent conditions, only a few bands were identified by
Southern blotting. The different patterns observed suggest that the VH.
anti-GAT repertoire differs between these strains eventhough their various
anti-GAT antibodies express the same public idiotypic specificities.

INTRODUCTION

Immunoglobulins are symmetrical molecules composed of heavy and light

chains that both contribute to the structure of the antibody combining site

through interactions of their variable (VH and VL) domains (1).

Immunoglobulin germ-line genes need to be rearranged before expression : two

genes are used for the VL domain (VL and JL), three genes for the VH

domain (VH, DH, and JH)' in addition to a leader (L) segment gene

located 5' to the VH and VL genes (2-6). Furthermore, somatic events

affecting both chains (7, 8) amplify antibody diversity. The relative

proportion of the germ-line and somatic origin of this type of diversity is

still unknown. Determination of the overall number of V germ-line genes is

required. Various approaches have been used, such as Southern blots of

genomic DNA restriction fragments to a series of cDNA V probes (9, 10) and

the isolation of V germ-line genes from mouse genomic libraries (8, 11, 12),
especially in connection with the expression of public idiotypes considered

to be germ-line markers of both of the VH and VL domains.
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The random synthetic terpolymer poly Glu60 Ala30 Tyr10 (GAT),

elicits in various strains of mice anti-GAT antibodies that express the

public idiotypic specificities termed CGAT (13) or pGAT (14). These

specificities require both the H and L chains of the idiotype in order to be

expressed (15). Analyses of the NH 2-terminal amino acid sequences (residues

1-43) of 16 H-L pairs isolated from monoclonal anti-GAT antibodies (16)

suggest that the VH and the VL regions of the pGAT idiotype are each

encoded by a very small number of germ-line genes. More recently, we reported

(17) on the complete sequence of four BALB/c VH regions, using mRNA

nucleotide sequencing, as determined by a modification (18) of the chain

terminator method (19). Two anti-GAT heavy chains (G5 Bb 2.2. and G8 Ca 1.7),

which were derived from monoclonal BALB/c antibodies expressing identical

public and private idiotypic specificities, had completely identical

sequences, encompassing the entire V-D-J region. This sequence could

therefore be considered rather close to that of the VH germ-line gene, and

thus the G8 Ca 1.7 hybridoma provided a good material to derive a VH-"GAT"
cDNA clone. In this paper, we report the isolation and nucleotide sequence of

such a clone, that was used to identify the number and size of

cross-hybridizing germ-line restriction DNA fragments prepared from three

different strains of mice.

MATERIALS AND METHODS

Enzymes

Avian myeloblastosis virus (AMV) reverse transcriptase was obtained from

Dr. J. Beard (Life Science Inc. St Petersbourg, USA). DNA polymerase I

Klenow's fragment and S1 nuclease were purchased from Boehringer, terminal

transferase from P.L. Biochemicals and T4 ligase and various restriction

enzymes from Bethesda Research Laboratories.

Hybridoma production

Hybridoma G8 Ca 1.7 (yl,K) was derived from a fusion between spleen

cells of a BALB/c mouse (Charles Rivers, France) previously hyperimmunized

with GAT and the myeloma cell line X 63.Ag8.653 (20), as reported earlier

(21). Hybridoma cells were serially transplanted subcutaneously in BALB/c

mice, and the solid tumors harvested were frozen in liquid nitrogen and

stored at -70°C before use.

Heavy chain mRNA preparation

Total RNA was extracted from frozen tumors by the LiCl-Urea method (22).
The Poly-A RNA containing fraction was eluted from oligo-dT-cellulose (T7,
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Collaborative Research) and enriched for H-chain mRNA by sucrose gradient

(5-20%) ultracentrifugation as assayed by cell-free translation.

Construction of the cDNA library

cDNA was synthesized (23) from 10 pg of poly A -RNA enriched in

H-chain mRNA under conditions allowing production of "full-length"

transcripts (24-26). After treatment with Si nuclease and Sepharose 4B gel

filtration, cDNA fragments larger than 800 bp were inserted at the Pst I site

of pBR 322 using the dC-dG tailing procedure (27) and a 1:1 (vector: cDNA)

molar ratio. E. Coli transformation and screening of recombinant clones were

performed (28) initially with a cDNA probe derived from the pG 1.6 yl cDNA

clone (29). The size of the inserts was estimated by gel electrophoresis of

Pst I digests of purified recombinant DNA (30).

DNA sequencing

Sequencing was performed (31) using either terminal transferase mediated

addition of 32P-cordycepin (Amersham) (32) or 3' addition of 3 P-dGTP

with Klenow's fragment (33).

Preparation of genomic DNA

Mouse DNA was extracted (34) from adult liver.

Southern transfer analysis

Ten pg of DNA restriction fragments were separated by gel

electrophoresis, transferred to nitrocellulose (35) and hybridized with the

VH cDNA "GAT" P-labelled probe (probe c, Fig. 1). The probe was ligated

to itself with T4 ligase (36) and nick translated to a specific activity of

4-6 x 108 cpm/pg (37). Hybridizations under stringent conditions were

performed at 65°C in 1X SSC and DH + solution ( 10 x Denhardt's solution,

0.1% SDS and 50 pg/ml Salmon sperm DNA) followed by washings in 1X SSC DH +

solution and 0.1X SSC (9). For non stringent conditions, the same temperature

was used but hybridization and washing buffer was 6X SSC.

Biohazards

Experiments were carried out in agreement with the recommendations of

the ad hoc French National Committee under the L2-Bl classification.

RESULTS

Isolation of a "GAT" VU cDNA clone

From 5 g of anti-GAT hybridoma G8 Ca 1.7 frozen solid tumor, about 20 mg

of total RNA was extracted, fractionated into 400 pg of poly-A -RNA and

further subfractionated into 40 pg of H-chain mRNA-containing poly-A RNA.

The synthesis of cDNA initiated with 10 pg of H-chain enriched mRNA yielded
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Figure 1 : Characterization of the anti-GAT V cDNA clones. Probe a was
derived from a Ci cDNA clone (29). Probe b was derived from our
cDNA H I23 clone as indicated. Probe c was a Pst I fragment from
our H IV 92 cDNA clone. The restriction map and sequence strategy
of IV 92 clone are indicated.

3.8 pg of cDNASs and 1.4 pg of cDNAds . Upon treatment with Si nuclease,

0.9 pg of cDNAds was isolated of which 3 ng was inserted into pBR 322. When

screened with a Pst I/Sma I digest of pG 1.6 cDNA (29) that contained the

second half of CH1, the hinge region and the first half of CH2 of the yl
chain (codons 178 to 288, probe a, Fig. 1) 39 of the 1459 recombinant clones

obtained gave a positive signal. Among those clones having the largest

inserts, one clone termed I 23 and consisting of a 1200 bp insert, was

further characterized by restriction mapping. This clone contained the

3'untranslated region, the complete constant region, and the 3' end of the V

region. Nucleotide sequencing indicated that it started at codon 81 at its

5'-terminus. Clone I 23 was used to prepare a second probe by cleavage with
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-5 1 10

ACA G&G GTC AAT TCA GAG GTT CAG CTG CAG CAG TCT GGG GCA GAG CTT GTG AAG CCA
T G V N S E V Q L Q Q S G A E L V K P

20 30

GGG GCC TCA GTC MG TTG TCC TGC ACA GCT TCT GGC TTC AAC ATT AAA GAC ACC TAT
G A S V K L S C T A S G F N I K D T Y

40 50

ATG CAC TGG GTG AAG CAG AGG CCT GAA CAG GGC CTG GAG TGG ATT GGA AGG ATT GAT
M H W V K Q R P E Q G L E W I G R I D

60 70

CCT GCG AAT GGT AAT ACT AAA TAT GAC CCG AAG TTC CAG GGC AAG GCC ACT ATA ACA
P A N G N T K Y D P K F Q G K A T I T

80 90

GCA GAC ACA TCC TCC AAC ACA GCC TAC CTG CAG CTC AGC AGC CTG ACA TCT GAG GAC
A D T S S N T A Y L Q L S S L T S E D

100 DH

ACT GCC GTC TAT TAC TGT GCT AGG GGA TGG TTA CGA CGT GAT GCT ATG GAC TAC TGG
T A V Y Y C A R G W L R R D A M D Y W

110 JH4 120

GGT CAA GGA ACC TCA GTC ACC GTC TCC TCA GCC AAA ACG ACA CCC CCA TCT GTC TAT
G Q G T S V T V S S A K T T P P S V Y

130 140

CCA CTG GCC CCT GGA TCT GT GCC CAA ACT AAC TCC ATG GTG ACC CTG GGA TGC CTG
P L A P G S A A Q T N S M V T L G C L

150 160

GTC AAG GGC TAT TTC CCT GAG CCA GTG ACA GTG ACC TGG AAC TCT
V K G Y F P E P V T V T W N S

Figure 2: Nucleotide sequence of the anti-GAT H IV 92 cDNA, and the deduced
corresponding amino acid sequence (given in the one-letter code).

Pst I and Bam H I. This 250 bp long probe was shown to contain the end of the

V region and the beginning of the CHI region (probe b, Fig. 1). The 12

clones assayed to be positive with this probe were included in the 39 clones

previously identified with the pG 1.6 probe. One clone termed IV 92, that

gave a weak signal with the pG 1.6 probe a (Fig. 1) and a strong signal with

probe b (Fig. 1) was further shown to contain a 600 bp long insert consisting

of the entire V region, including the 3' end of the leader segment and the 5'

end of the constant region (Fig. 1).
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Figure 3 Southern blots of liver DNA Eco RI and Bgl II fragments using
stringent (a) and non stringent (b) conditions as revealed
with probe c. Exposure times were 8 and 1 days, respectively. Size
references: Eco R I and Hind III digest of X phage.

Nucleotide sequence of the G8 Ca 1.7 Viz IV 92 clone

The sequence determined according to the strategy given in Fig.1 is in

complete agreement with the NH2-terminal amino acid sequence (residues

1-43) reported for the corresponding heavy chain (16), and is presented in

Fig. 2. This figure indicates that the insert of the IV 92 cDNA clone begins

15 nucleotides 5' to the NH 2-terminal glutamic acid codon. This sequence

also agrees with that reported for the corresponding mRNA (17), as determined

by a modification (18) of the dideoxy method (19).

DNA hybridization patterns

DNA extracted from BALB/c, C57B1/6 and DBA/2 adult liver was

consistently larger than 50 kb. Eco R I and Bgl II fragments of such DNA were

hybridized with probe c derived by Pst I cleavage of the IV 92 cDNA clone

(Fig. 1) and which covered most of the VH region (codons 4 to 81). Under

low stringency conditions, 15 to 25 bands were observed, whereas at high

stringency a limited number of bands (3 to 7) were evident (Fig.3 and Table
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Table 1: Size characteristics of the various restriction fragments
depicted in figure 3 (stringent conditions only).

Eco R I (Kb) Bgl II (Kb)

BALB/c 7.5 7.0 4.3 3.0 20 12 8.5 5.5 4.2 3.9

C57B1/6 9.4 7.2 4.5 13 11.5 9 6.5 5.3 4.2 3.9

DBA/2 7.5 7.0 4.3 3.0 15 10.5 8.5 5.5 4.2 3.9

1). BALB/c and DBA/2 possess identical Eco R I bands but differ in some of

their Bgl II bands. C57B1/6 banding patterns strain differed from those of

the other two strains ; the Eco R I fragments yielded only three main bands

and the Bgl II pattern overlapped only partially with that of the BALB/c and

DBA/2 fragments (Table 1).

DISCUSSION

Different approaches have been used to estimate the number of germ-line

genes that encode the VH and the VL regions of immunoglobulins (38-41).

Isolation of V genes has been reported in several antibody systems well

defined by their idiotypic markers. We have found that BALB/c and DBA/2

anti-GAT monoclonal antibodies use a restricted repertoire of VH and VL
chains likely controlled by a structurally closely related subset of a very

few germ-line genes (16, 17).

We describe here the isolation of an anti-GAT VH cDNA clone that

covers codons -5 to 193, the sequence of which was determined until to codon

162 inclusive, thus encompassing the V-D-J regions. It should be stressed

that this cDNA, although synthesized from the 3' poly-A end of the

corresponding mRNA, has most of the constant region deleted. It was first

identified with probe a (Fig. 1) because of the overlap of the 3' terminal 60

nucleotides.

When compared with other VH sequences, that of G8 Ca 1.7 clearly

belongs to the VH II subgroup, as defined by Kabat et al. (42) and which

contains a wide collection of heavy chains, including BALB/c anti-dextran

(43), and C57BL/6 anti-(4-hydroxy-3-nitrophenyl) acetyl (NP) antibodies (44).

Despite the homology observed, it seems unlikely that these different V1u
segments be encoded by the same germ-line gene. Surprisingly, a very high

homology was observed between the VB G8 Ca 1.7 (anti-GAT) sequence, and

that recently reported for the VH region of a BALB/c anti-NP antibody (45),
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-5 1 10
G8Cal.7 ACA GGG GTC AAT TCA GAG GTT CAG CTG CAG CAG TCT GGG GCA GAG CTT GTG

17.2 .25

Lys 20
AAG CCA GGG GCC TCA GTC AAG TTG TCC TGC ACA GCT TCT GGC TTC AAC ATT

G G
Arg

30 40
AM GAC ACC TAT ATG CAC TGG GTG AAG CAG AGG CCT GAA CAG GGC CTG GAG

50 60
TGG ATT GGA AGG ATT GAT CCT GCG AAT GGT MT ACT AAA TAT GAC CCG AAG

70 Ser 80
TTC CAG GGC AAG GCC ACT ATA ACA GCA GAC ACA TCC TCC AAC ACA GCC TAC

A
Thr

90
CGT CAG CTC AGC AGC CTG ACA TCT GAG GAC ACT GCC GTC TAT TAC TGT GCT AG

Figure 4 Comparison of anti-GAT (G8 Ca 1.7, this paper) and anti-NPa (45)
V nucleotide and amino acid sequences.

expressing the NPa idiotypic marker (46). Comparison of the two sequences
is given in Figure 4. Only three nucleotide differences were identified, one
silent (codon 23), and two leading to an amino acid replacement (Lys(-*Arg at

position 13 and Ser* Thr at position 76). The same JH4 gene was used in
both cases, but the D segments were different. Very close VH structures may
therefore be used by antibody molecules of discrete specificities. Evidently,
the contribution of different D gene products appears of decisive importance
in dictating the actual specificity, together with the structure of the

complementary light chains, which, in the present case, are of the K and X

type, for the anti-GAT and anti-NP, respectively. From the genetic stand

point, the main issue remains the overall number of germ-line genes which
encode for the various segments of immunoglobulins. It would therefore be of
interest to investigate whether both the anti-GAT and the anti-NP VH
regions are indeed derived from the same germ-line gene.

Using probe c, covering codons 4-81 and stringent conditions, simple
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hybridization patterns were observed with Eco R I and Bgl II restriction

germ-line DNA fragments (Fig. 3a). These observations confirm that anti-GAT

antibodies expressing the pGAT or CGAT public idiotypic specificities (13,

14) indeed use a very small number of germ-line VH genes. Furthermore, it

cannot be concluded from this approach whether all the bands actually

represent an anti-GAT VH gene. For instance, some bands might reflect

cross-reactive or pseudo-genes, which would lower the actual number of

germ-line genes. It was also observed in Figure 3a that hybridization

patterns differed at least partially whenever different strains were

compared. In fact cross-hybridization observed with fragments derived from

the C57BL/6 strain may not reflect the actual genes used in this strain to

synthesize anti-GAT antibodies, since, at least in one case analyzed

(Rocca-Serra et al. submitted), the VH structure was only 75% homologous to

that described for the BALB/c strain.

Because of the conditions of high stringency that were used, only genes

iaving a very similar sequence should cross-hybridize. As the four anti-GAT

VH BALB/c sequences recently reported (17) share greater than 95%

nucleotide homology, they clearly should cross-hybridize if they represent

discrete germ-line genes. Similarly because of the extremely high level of

homology observed between the two BALB/c anti-GAT and anti-NP V sequences,

it seems very clear that either VH cDNA probe will lead to the same

hybridization pattern. At this point, it cannot be decided whether one or the

other of the anti-GAT or anti-NP VH nucleotide sequence actually represents

the direct expression of a unique germ-line gene. If this were the case, the

most likely candidate would rather be the anti-GAT sequence since two

monoclonal antibodies, derived from separate fusions, expressed identical

VH regions (17). Clearly, the final answer will rely on the isolation and

characterization of the various cross-hybridizing genes derived from a

genomic library.
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