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ABSTRACT

We have constructed a library of Balb/c mouse embryo
DNA in the vector Charon 4A. The library was searched for sequen-
ces homologous to the VH region of a cloned cDNA of the UPC10
heavy chain mRNA. In this paper, we describe the structure and
the partial nucleotide sequence of one of such clones (VH441).
The nucleotide sequence of this germ-line gene indicates that
it encodes amino-acids 1-98 of the X44 and J601 galactan-binding
VH regions, but that it differs from the UPC1O VH segment by
four single base changes. The VH gene appears to contain a 101
bases long intervening sequence within a precursor sequence
identical to the precursor sequence of UPC10. The 3' non coding
sequence of the V gene contains the two conserved sequences
found in embryonic V DNA segments, CACAGTG and ACATGAACC, sepa-
rated by 23 nucleotides and a sequence CACTGTG separated by 33
nucleotides from the first heptamer.

INTRODUCTION

The variable regions of immunoglobulins contain three
short polypeptide loops, the complementarity determining regions
or CDRs, forming the antigen-binding site. Comparative studies
of V regions have shown that the CDRs exhibit a higher amino-
acid sequence variability than does the remainder of the V re-
gion. They are termed the hypervariable regions (HVs). It is ge-
nerally assumed that sequence variations of the HV regions are
correlated with the functional diversity of immunoglobulins
(1-3). In the case of heavy chains, it has been shown that the
third HV region or diversity region (D) is encoded separately by
a discrete DNA segment. An active gene segment encoding a com-

plete VH region results from a two-step somatic recombination
which positions a VH gene segment next to a D gene segment and
the D segment next to one of the four joining (JH) segments
(4, 5, 6). As in the case for light chains, the junctional va-
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riations may add to the diversity (7).

Hybridization experiments using VH cDNA probes suggest

that there are only 10 or 20 VH germ-line genes corresponding
to all members of the Balb/c VHIII subgroup (8). The comparison
of the sequences of VH germ-line genes and rearranged VH genes

suggests that somatic mutations may take place during B cell dif-

ferentiation (5, 6, 9).

We have recently described a cDNA plasmid containing a

complete transcript of a y2a heavy chain mRNA isolated from plas-
macytoma UPC10 (10). This heavy chain bears the U10-173 deter-

minant located on the VH regions and belonging to the VHIII sub-

group (11, 12).

Using the VH cDNA probe of the plasmid pG2a-10-21, we

have isolated several germ-line genes for the VH region of immu-

noglobulins heavy chain. We describe here the characterization

of a VH gene prepared from a X Charon 4A library of the Balb/c
embryo DNA. The nucleotide sequence of the germ-line gene esta-

blishes that it belongs to the U10-173 family and that it enco-

des the VH segments of two anti-galactan myeloma proteins. The

3' non coding sequence reveals an unexpected organization of

recognition sequences for V-D joining (4, 5, 6).

MATERIALS AND METHODS

1 - Chemicals and enzymes

T4 polynucleotide kinase, EcoRl, BamHl, restriction
endonucleases were purified according to published procedures

(13, 14, 15).
T4 DNA ligase, E. coli DNA polymerase I (Klenow frag-

ment) and all other restriction endonucleases were purchased

from New England Biolabs.

(y )32p)ATP and (a - 32P)dATP were obtained from
Radiochemical Centre Amersham (England).
2 - Bacteria, phages and plasmids

The bacterial strains used for cloning experiments are
E. coli 1106 (rk mk, supE supF) ; E. coli C600 (rk mk, recBC).
The lysogens used for preparation of packaging mixtures BHB 2688
N205 rec A (A imm. 434 b2 red3 Eam 4 Sam 7)/A and BHB 2690 N205

rec A (A imm. 434 cI ts red3 Dam 15 Sam 7)/A were obtained from
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B. Hohn. Charon 4A phage was obtained from F.R. Blattner and

plasmid pBR325 (obtained from Boyer and Kochsts) was prepared

according to Katz et al. (16). The plasmid pG2a-10-21 containing

a full length transcript of a y2a chain mRNA has been described

previously (10).

3 - Construction of mouse embryo gene library
High molecular weight DNA from 15 days-old Balb/c mou-

se embryos was prepared according to Maniatis et al. and was

partially digested with restriction endonuclease EcoRl (17). The

products were size fractionated on a 10-40% sucrose gradient.

DNA fragments in the 12-20 kb range were isolated, pooled and

ethanol precipitated. Charon 4A arms were prepared according to

Maniatis et al. (17). The procedure used for in vitro packaging
of recombinant DNA into phage particles was as described by

Hohn and Murray and Collins and Hohn (18, 19). The packaging
efficiency of ligated DNA was 6.105 phages/ig of DNA.

Fifteen separate packaging reactions were performed

to obtain 8 x 106 in vitro packaged phages. The percentage of

non recombinant phages in the preparation was determined by tes-

ting the phage for the lac 5 function as described by Blattner

(20). The background of non recombinant phage DNA packaged was

below 1%.

The library was screened for variable region genes by
in situ plaque hybridization technique of Benton and Davis (21)
using as a probe a nick-translated cloned cDNA of the UPC10

heavy chain mRNA (10).

Phages from plaques that were positive were replated
three times until more than 95% of the phages gave positive hy-
bridizations. To obtain a large amount of DNA, the EcoRl diges-
ted fragments of the insert in VH441 clone were subcloned into

the EcoRl site of pBR325 (see restriction map). The two subclo-

nes pVH441-3 and pVH441-4, which contain the 5' and 3' of the

coding regions of VH441 gene segment, were identified by rapid alkaline
lysis method (22) and by Southern gel blotting according to Wahl

et al. (23) and were used for sequencing.

4 - Restriction endonuclease analysis of cloned DNA

The restriction map was constructed by digestion with

combination of restriction endonucleases and by two dimensional gel

4101



Nucleic Acids Research

electrophoresis with Sea plaque agarose (Marine Collolds). All

the probes were labeled by nick-translation as described (24).

Two dimensional Southern blotting experiments were performed as

described by Sato et al. (25).
5 - DNA sequence analysis

DNA fragments were labeled either at 5' end using

y _ 32P ATP and polynucleotide kinase in the exchange reaction

(-k) or at the 3' end by filling in protruding restriction sites

with E. coli DNA polymerase I using a - 32P deoxynucleotides
triphosphate. Partial chemical degradation was performed accor-

ding to Maxam and Gilbert (26). Four base reactions were used

(G, G + A, C + T, C). The products were analysed on 20% and 8%

0,35 mm thick urea polyacrylamide gels according to Sanger and

Coulson (27).

RESULTS AND DISCUSSION

1 - Isolation of clones containing VH genes
5About 2.10 phages were screened by plaque hybridiza-

tion with the pG2a-10-21 probe. We detected several positive

clones and selected those hybridizing with the VH cDNA probe.
Five out of six clones yielded different EcoRl digestion patterns.

One recombinant phage VH441 containing a 13.8 kb DNA insert
has five EcoRl fragments : 0.5 kb, 0.7 kb, 1.3 kb, 4.5 kb and

6.9 kb. Southern blots of the VH441 clone digested with EcoRl

and hybridized to the UPC10 VH cDNA probe gave two hybridizing
fragments : the 0.5 kb and the 4.5 kb fragments.

In order to determine the number of VH genes contained
in this insert, a two dimensional blot according to Hutchinson
et al. was performed (25). Using BamHl fragments of the plasmid
pG2a-10-21 as probes which gives 3' and 5' VH cDNA probes, only
two spots were detected ; the 5' VH cDNA probe hybridized with
the 0.5 kb fragment and the 3' VH cDNA probe hybridized with the
4.5 kb fragment. The 13.8 kb insert bears only one VH gene.

The two EcoRl fragments with homology to our VH probe

were subcloned in the pBR325. Two clones bearing the 0.5 kb

(pVH441-3) and the 4.5 kb (pVH441-4) fragments were detected by
hybridization to the VH DNA probe. A restriction map of PVH441
clone was constructed by digestion with several enzymes alone or
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in combinations and by two dimensional gel electrophoresis on
low-melting agarose gels (Fig. 1).
2 - DNA sequence of the germ-line VH441 clone

Using the method of Maxam and Gilbert (26), 727 nucleo-
tides surrounding the VH gene were sequenced. The sequencing
strategy employed for the subclones pVH441-3 and PVH441-4 is out-

lined in Figure 2. As shown in Figure 3, this gene segment
encodes a hydrophobic signal peptide identical to the peptide
signal of UPC1O (10) and the first 98 amino-acids of a mature
heavy chain of the U10-173 family (see below). As is the case for
VL and VH genes, an intervening sequence (101 bp) is located
between amino-acid position -5 and -4 (5). The nucleotide sequence
includes 98 bp of the 5' flanking region and 180 bp at the 3' side
of the codon 98.

lkb Xhol Xbol
13 4.5 . :69.9 X

Vg441

III- ~~~lvi

In RI

'hl HpuIl

EMII SMHI gI
WObp

Fig. 1 Diagram of restriction endonuclease cleavage sites in
the VH44 clone

A - The top line represents the cloned 13,8 Kb EcoRl
fragments in Charon 4A V 441 Xho site was also
indicated. H

B - A magnified detail of 0,73 Kb HaeIII EcoRl frag-
ment containing 5' untranslated region, leader (L),
intervening sequence (IVS), variable structural
germ-line gene (V) and 3' flanking region was fi-
gurated below. Restriction sites are indicated at
bottom.
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PVH441-3 CV41-4

1- 1 -I 0

100 bp

Fig. 2 Sequencing strategy of the pVH441-3 and pVH441-4 sub-
clones :

Cutting sites of restriction endonucleases used are
indicated at bottom. Arrows show direction and extent
of nucleotide reading.

- 1t
9! D

TCATGAAAACGAGTTCTGAACTAACCTTGAATCTGAAGCAAAGGGGATCAGCCCGAGATTCTCATTCAGTGATCAACACTGAACACACATCCCTTACC ATG GAT
1 50 100

-15 -10 -5
F G L I F F I V A L L K

TTIT GGG CTG ATT TTT TTT ATT GTT GCT CTT TTA AAA GGTAATTCATGGAAAAGAGATACTGAGTGTGTTACTGGTCATGAGCAAGATAGATGGT
150

-4 -1 1 5 10
G V Q C E V K L L E S G G G L V

GAGCCTGTATGGCAGTTTGCTGACAGAATTCTCTGTGTTTTCAG GG GTC CAG TGT GAG GTG AAG CTT CTC GAG TCT GGA GGT GGC CTG GTG
200 250

15 20 25 30 35

Q P G G S L K L S C A A S G F D F S R V 1 U S if V R Q
CAG CCT GGA GGA TCC CTG AAA CTC TCC TGT GCA GCC TCA GGA TTC GAT TTT AGT AGA TAC TGG ATG AGT TGG GTC CGG CAG

300 GGA* 350

IC 45 50 55 60 65
. P C K G L E W I G E I N P V S S T I N V T P S L K P

GCT CCA GGG AAA GGG CTA GM TGG ATT GGA GM ATT AAT CCA GAT AGC AGT ACG ATA AAC TAT ACG CCA TCT CTA AAG GAT
400 TJT* 450

70 75 s0 J5 90
K F I I S R D N A K N T L V L Q 1 S K V R S E D T A L

AAA TTC ATC ATC TCC AGA GAC AAC GCC AAA AAT ACG CTG TAC CTG CAA ATG AGC AAA GTG AGA TCT GAG GAC ACA GCC CTT
TTiC 500

95 98
V V C A R

TAT TAC TGT GCA AGA CCCACAGTGAGGAAATCTCAGTTTGTACCCAGACATGAACCTCACTGTGAGGTCGCTCACAACCACCAGGGGGCGATGAAAACCAGA
TTC* 550 600
F

CACAOAMCACAGGATCGCCCCAGGAATGAGMAACAMGMCATTCCTCTCATfiTATCTGGGCAGCCTTTTTTTCTTAGTTTCTAGGAATTC
650 700

Fig. 3 : Nucleotide sequence of the V 441 geneH

The nucleotide sequence of the strand corresponding to
the mRNA is displayed 5' to 3'. The amino-acid predicted
by the nucleotide sequence is shown in italic letters
(29). Only those codons that differ from the V 441
segment are indicated for the VH segment of UP&10.
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3 - Comparison between V. germ-line VH441 sequence and V1 sequen-

ces sharing the U10-173 subgroup marker

The mouse cloned cDNA probe containing variable region

used to screen the library was derived from myeloma UPC10, which

belongs to the family which bears the U10-173 determinant des-

cribed by Bosma et al. (11,12). We compared the amino-acid

sequence deduced from the nucleotide sequence determined in this

study with available protein sequences of those myelomas ; some

of which have different ligand-binding specificities : 2-6 levan

(UPC1O) (Auffray et al., submitted), 1-6 D galactan (X44, X24,

J539 and T601) (28).
As shown in Figure 3, the protein coding sequence of

VH441 and pG2a-10-21 differs by four single base changes respon-

sible for four amino-acid substitutions. It is interesting to

observe that there are no silent mutations and that variations

are found both in hypervariable regions and in the framework

region. The pattern of amino-acid substitution suggests that the

UPC10 VH region could derive from the VH441 germ-line gene segment

by a mechanism of somatic diversification.
We have also compared the amino-acid sequence derived

from the VH441 gene segment to VH sequences of IgA antibodies

that bind galactan (28). As shown in Figure 4, two of these VH

regions (X44 and T601) could derive from the germ-line VH441

gene segment without somatic mutations. The two remaining J539

and X24 VH regions could have arisen from the VH441 germ-line

gene segment by three or two single base mutations.

The analysis by Gearhart et al. (9) of antibodies to

phosphorylcholine has shown that :

10 VH regions of IgG antibodies exhibit more diversity than VH

prototype sequence ;

20 the VH segments demonstrate diversity in both framework and
hypervariable regions ;

30 most of amino-acid substitutions can be explained by single

base changes ;

40 IgA antibodies fall into two categories : those having VH

regions identical to the prototype VH sequence and those having

VH regions differing from the prototype sequence.

Although we have not demonstrated that VH regions of
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Vg0441
X4~4

T601
X24
J539

VH441l
X414

T601
X24
J539

VHL441
X44I

T601
X24I

J539

HYl
30 3

HV2
51 61

W VRQ A PG KG L EWI GE!I N PD SS T I N YTP SL KD KF I I

98

S RDN A KNTL YL9M SK V R SE D T AL YYCA R

- -

Fig. 4 Comparison of the amino-acid sequence derived from the
VH441-nucleotide sequence with amino-acid sequences of
four anti-gaalactan pro'teins (X44, T601, X24, J539) (28)

The sequence of VH441 shown on the top line was determi-
ned in this study. Below the amino-acid sequences of
four anti-galactan proteins determined by Rao et al.
(28) were aligned. Homologous positions were figurated
with dashes and substitutions were mentioned in letter
(29).

(HiV hypervariable region)

UPCIO IgG and antigalactan IgA molecules have arisen from the

VH441 gene segment, the patterns of variability in the two VH
families appear similar. It is obvious that only the analysis
of the five VH germ-line gene segments hybridizing to the cDNA

VH probe in stringent hybridization conditions will allow
definitive conclusions.

4 - Sequence analysis of the 3' non protein coding region
Two blocks of short relatively well conserved sequen-

ces are found near the 3' end of germ-line V gene :the basic

sequence, one heptamer CACAGTG and one nonamer ACAAAAACC (4, 5).
The spacer between the two sequences is 12 + 1 or 23 + 1 base

pairs long. These sequences are also found as inverted repeats
at the 5' non coding region of the J segments. The D segments of

heavy chain genes appear also to be flanked by two sets of se-

quences related to the consensus heptamer and nonamer sequences

(6). It has been proposed that the two sequences are the recog-
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98
R

AGA CCCACAGTGAGGAAATCTCAGTTTGTACCCAGACATeAACCTCACTGTGAGeTCCCTCACAACCACCAGGGGG
550 560 570 580 590 600

TOT0T A C~~~~C
T C
S A
A S
C A
T C
C A
T T
A S
AAA A

*-C
-C

A -T
-C

fl* T -A

A-T T
C-S _ C-S
A-T A-T
C-S C-v
C- T-A
C-v C-S
A-T C-S

--- TCAA/ %OCTCA--- ---OA NC ---

5I0 605 584 602

Fig. 5 Alternative hairpin loop structures for the V 441 3'
non coding region sequence

A - 3' non coding sequence

B - hairpin loop structure between the two self
complementary heptamer sequences ;

C - palindromic sequence around the central T of the
second heptamer.

nition sites for a recombinase ( 6).
As shown in Figure 5 A, the VH441 gene contains the

heptamer sequence CACAGTG near the 3' end of the protein coding
segment and a nonamer sequence ACATGAACC separated from the hep-
tamer by a 23 base pairs long spacer. Surprisingly, the VH441 ge-
ne contains also an inverted repeat of the sequence of the hep-
tamer CACTGTG located precisely 33 nucleotides downstream from
the 3' end of the first heptamer. As shown in Figure SB, the
10 base pairs long sequences surrounding the two heptamers can
form a perfectly matched stem. Furthermore, a segment of 15 nu-

cleotides including the second heptamer can be formed into a

hairpin (Figure 5C). To suggest a possible role for the second
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heptamer in a V-D joining recombination step would require the

determination of the 5' nucleotide sequences of germ-line D seg-

ments.
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