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Sequence heterogeneity of murine complementary DNA clones related

to the G4 and C4-Slp isoforms of the fourth complement component

By M. Tosi, M. LEvi-STrAUss, CHRISTIANE DuPONCHEL AND T. MEO

Unité & Immunogénétique, Institut Pasteur, 25 rue du Docteur Roux, 15724 Paris Cédex 15, France

Two classes of mRNA encoding the murine C4 protein were identified by sequence
analysis of clones isolated from a liver complementary DNA library. The divergence
found within a 357 base pair sequence available for comparison is limited to five
nucleotide replacements located in the region corresponding to the carboxy-terminal
end of the C4d peptide fragment. One of the nucleotide substitutions influences the
presence of a site for the Hind III restriction endonuclease. That this restriction site
indeed discriminates the two non-allelic genes encoding the mouse C4 and C4-Slp
isoforms has been demonstrated by Southern blot analysis and nucleotide sequencing
at the genomic level. Circumstantial evidence supports the identification of the gene
lacking the Hind III site in the region corresponding to the carboxy-terminal end
of the C4d fragment as the one encoding the C4-Slp isotype.

INTRODUCTION

The fourth component of complement is present in the serum of individual mice of certain
strains in two serologically distinguishable forms: C4 and C4-Slp (sex limited protein). The
expression of the two proteins is controlled differently. In contrast to C4, the synthesis of C4-Slp
shows a marked dependence on testosterone induction and is characteristically absent in the
males of some inbred strains (Shreffler et al. 1981). Generally, the structural and quantitative
markers of C4 and C4-Slp proteins map to and define the § region of the H-2 major
histocompatibility complex. The inheritance of such markers is best explained by postulating
two non-allelic structural genes encoding two isotypic forms of C4. Several types of expression
variants have been described for both proteins (Atkinson et al. 1982). To analyse the molecular
mechanisms that characterize these genetic variants we sought to isolate molecular clones
corresponding to the messengers encoding each of the two C4 proteins. To this end, we
constructed in the plasmid vector pBR322 a complementary DNA library from a size enriched
liver mRNA preparation from male mice of the strain B10.W7R. This H-2 congenic strain
synthesizes both isoforms of C4 but expresses C4-Slp in large amounts and in a testosterone-
independent mode (Hansen & Shreffler 1976).

REsuLTs AND DISCUSSION

Twenty C4 clones have been isolated by screening 5000-10000 colonies using as hybridization
probes first the insertion of the human C4 ¢cDNA clone Alu/7 described by Carroll & Porter
(1982), and then DNA fragments prepared from the mouse C4 clones isolated in the first round
of screening. Chakravarti et al. (1983) showed that the sequence heterogeneity found in a pool
of human C4 proteins resides at least in part in the carboxy-terminal half of the o chain.
Assuming that these amino acid replacements identify stretches of the protein less subject to
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functional constraints, we focused our attention on the corresponding portion of the mouse C4
clones with the hope of finding sequence markers that would be characteristic of each C4
isotype. Moreover, the quantitative difference described by Karp (1983) in the N-linked
carbohydrates of the carboxy-terminal half of the C4 and C4-Slp a chains could be accounted
for by point mutations affecting the glycosylation sites of this region. Three cDNA insertions
representative of the clones that overlap the region encoding the carboxy-terminal half of the
a chain are illustrated in figure 1. The clones are aligned, on the basis of nucleotide sequences,

Pro-C4 (4, Cad
2 — . , COOH
l75kDa) *————a(95kDa)— ' y(30kDa)
Cca/21c P _H P H
caffet—TIH P -
C4/201 c===—
MMM

Ficure 1. Alignment of the Pst I insertions of three representative mouse C4 cDNA clones. The upper line shows
the order of the three chains of native C4 in the pro-C4 molecule. The unlabelled segment of the alpha chain
on the carboxy-terminal side of C4d corresponds to the human o, fragment. A solid square marks the location
of the thiolester bond. A square bracket above the insertion of clone pMC4/7 shows the extent (300 base pairs)
of the human C4 probe used in the first screening. Restriction endonuclease sites are: Pst I (P), Hind IIT (H)
and Mbo I (M). Note that sequence analysis of the region of clone pMC4/7 encoding the a—y junction showed
the presence of two Pst I sites separated by 41 nucleotides.

to the structure of the human precursor pro-C4. This single chain polypeptide comprises the
B, a and y chains, in that order, characteristic of native C4 (Goldberger et al. 1980; Parker et
al. 1980; Karp ¢t al. 1981). Clone pMC4/7 was the first to be submitted to sequence analysis
for verifying its authenticity as well as for identifying the encoded portion of the protein on
the basis of the amino acid sequence available for human C4. This 1900 base pair insertion
is our mouse reference clone. It includes the 458 base pair cDNA sequence of the clone described
by Ogata et al. (1983) that spans the a—y polypeptide junction of mouse C4. At its 5" end clone
pMC4/7 goes past the 300 base pair of the human probe used for screening. On the basis of
the available protein sequence data of the amino-terminal portion of the human C4d fragment,
this clone appears to end 27 amino acids before the cysteine residue of the thiolester bond
responsible for the covalent-binding reactions of C4 (Campbell ez al. 1981 ; Harrison et al. 1981).
The octapeptide containing this active site is highly conserved in two other C4 related proteins:
C3 and a,-macroglobulin (Sim & Sim 1981). We have determined the nucleotide sequence of
this region in the cDNA insertion of clone pMC4/21, which appears to differ only in length from
the insertion of clone pMC4/7. The third clone illustrated in figure 1, pMC4/201, is the
only representative of an alternative C4 mRNA sequence found among eight clones overlapping
the insertion of pMC4/201. A nucleotide sequence comparison was made between clones
pMC4/7 and pMC4/201 for the two Mbo-I fragments occupying the central part of clone
pMC4/201. Figure 2 presents the nucleotide and the deduced amino acid sequence of the
message strand of clone pMC4/7 between the first and third Mbo-I sites indicated in the pre-
vious figure. The sequence was unambiguously determined on both strands of DNA fragments
subcloned in phage M13 (Sanger ef al. 1980). The last codon of the sequence we report is
numbered from the first position of the tetraargine peptide proposed to mark the junction be-
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tween the C4 o and v chains (Ogata et al. 1983). The sequence presented in figure 2 probably
contains the site of cleavage by the endopeptidase Factor I at the carboxy-terminal end of the
C4d segment (see figure 1). The amino terminal sequence of the fragment (a,) adjacent to the
carboxy-terminus of C4d has been partly determined by Press & Gagnon (1981) for human C4.
They identified an arginine at the carboxy-terminal position of human C4d and nine amino
acids at the first 11 positions of the a, fragment. The best match we could find within the amino
acid sequence presented in figure 2 with the sequence reconstructed for the human C4d-a,

ILE G6LU THR THR ALA TYR ALA LEU LEU HIS LEU LEU LEU ARG GLU GLY LYS GLY
ATCGAAACCACAGCCTATGCCCTGCTC(ACCTGCTTCTGCGGGAGGGAAAGGGA
T

ASN
LYS MET ALA ASP LYS ALA ALA SER TRP LEU THR HIS GLN GLY SER PHE HIS GLY

A C

ALA PHE ARG SER THR GLN ASP THR VAL VAL THR LEU ASP ALA LEU SER  ALA TYR
GCATTCCGCAGTACCCAGGACACTGTGGTCACCCTGGATGCCCTGT(TGLCTAC

ASH|
TRP ILE ALA SER HIS THR THR GLU GLU LYS ALA LEU |LYS VAL THR| LEU SER SER

TGGATCGCTTCACACACCACTGAGGAGAAAGCACTGAAGGTGEACGCTCAGCTCC
6 C

MET  GLY @ ASN  GLY LEU LYS THR HIS GLY LEU HIS LEU ASN ASN HIS GLN VAL
ATG66GCCGCAATGG6GCTTAAGACCCACGGGCTACACTTGAARCAACCACCAAGTC

LYS G6LY LEU 6LU G6LU GLU LEU LYS PHE SER LEU GLY SER THR ILE SER VAL LYS
AAGGGCCTGGAGGAGGAGCTAAAGTTCTCCCTGG6G6CAGCACAATCAGTGTCAAG

VAL GLU GLY ASN SER LYS GLY THR LEU LYS ILE
GTGGAAGGAAACAGCAAAGGCACCTTGAAGATC

-68

Ficure 2. Nucleotide sequence comparison of cDNA clones pMC4/7 and pMC4/201 in the region covered by the
two Mbo I fragments shown in figure 1. The sequence of the message strand of clone pMC4/7 is shown with
the deduced amino acid sequence. The distance from the junction between the a and y chain is indicated below
the last amino acid residue. Nucleotide substitutions found in clone pMC4/201 are indicated below the pMC4/7
sequence, and the corresponding amino acid replacements are shown above the protein sequence deduced from
clone pMC4/7. The Hind III site present in the pMC4/7 sequence is underlined by a broken line. The boxed
amino acid residues mark a potential N-linked glycosylation site in the protein encoded by pMC4/201. An
arrowhead shows the putative junction between the C4d and the o, fragments.

junction is marked by the arrowhead which identifies the putative Factor I-mediated cleavage
site. This endopeptidase is also responsible for a double cleavage of the activated C3 comple-
ment component (Harrison & Lachmann 1980). However, no similarity has emerged in the
four sequences carboxy-terminal to the two sites of action of Factor I, both on human C3 and
C4 o chains (Davis & Harrison 1982). This suggests that there are no obvious functional con-
straints that should maintain sequence homology between the amino-termini of the human and
murine C4 a, peptides. The four underlined residues in figure 2 are the only positions, out of
the nine comparable, that are conserved with respect to the human o, sequence of Press & Gag-
non (1981). In conclusion, the expected location of the o, amino-terminus within this mouse
pro-C4 sequence is based on the consideration of the size of this peptide estimated in man to be
roughly 90 residues long (Press & Gagnon 1981), and the identification of its carboxy-terminus
within the tetraarginine peptide (Ogata et al. 1983) that we find at 111 amino acid residues
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downstream in clone pMC4/7. Moreover, the endopeptidase Factor I seems to act on the C4 o
chain with a trypsin-like specificity for a peptide bond carboxy-terminal to an arginine residue.
In the sequence of figure 2 appear three arginines, only one of which is adjacent to an undeca-
peptide that shares four positions out of the nine comparable with the sequence of human a,.
The length of the putative murine &, fragment appears to exceed by some 20 amino acids the
size deduced by Press & Gagnon (1981) for the homologous human fragment. At present, the
significance of this discrepancy can be at best considered questionable. However, the incon-
sistency could be accounted for by the proteolytic trimming of the o, peptide at its carboxyl-
terminus, proposed to occur in the murine and human C4 plasma forms (Karp et al. 1982;
Chan et al. 1983). The sequence of clone pMC4/201 was found identical to that of pMC4/7 ex-
cept for five non-contiguous nucleotide substitutions which are indicated in figure 2 with sym-
bols underlying the sequence of pMC4/7. Only the second and fifth nucleotide replacements
produce an amino acid change and both introduce a new asparagine residue in the peptide
sequence corresponding to clone pMC4/201. It is noteworthy that the second of the two new
asparagines creates with the contiguous valine and threonine residues a new potential glyco-
sylation site (boxed in figure 2). Interestingly, the nucleotide replacement that produces a
serine to asparagine substitution in clone pMC4/201 also marks the loss of the Hind III restric-
tion site which is underlined by a broken line in figure 2 and is also characteristic of clone
pMC4/21 (figure 1) as well as of five others overlapping this region. We surmise that divergence
at this Hind III site between the C4 mRNAs of strain B10.W7R is a general marker of the iso-
typic variation between C4 and C4-Slp, and that the presence of this restriction site is in all
likelihood specific for the C4 (that is, not for the C4-Slp) gene in most mouse strains.
Evidence supporting these conclusions would be more straightforward had the two C4 cDNA
sequences been derived from one of the more common laboratory strains. In fact, we have
found that H-2%7 and the other wild derived haplotypes H-2%'¢ and H-2%'®, an unusual feature
of which is the testosterone-independent expression of the C4-Slp protein, exceptionally bear
multiple copies of the C4 gene (Lévi-Strauss, 1984).

This discrepancy in gene numbers is evident in the Southern blot analysis presented in
figure 3. The first and second lane show Hind III digests of DNA from strains B10.W7R and
B10.HTT (H-2%) hybridized with the 3’ most Pst-I fragment of the pMC4/7 insertion
(figure 1). By using genomic clones isolated by M. Steinmetz (Basel Institute for Immunology)
from an AKR/]J library, we have determined by quantitative Southern blot analysis that
indeed H-2¥ carries only two copies of the C4 gene as most of the common H-2 haplotypes
(Lévi-Strauss 1984). By comparison H-2%7 appears to carry three to four additional copies.
Although B10.W7R might express more than two species of C4 mRNA, the Hind III site in the
C4d sequence of clone pMC4/7 is not a peculiarity of this strain. A comparison of the hybridi-
zation patterns between the second and third lane of the Southern blot presented in figure 3
shows that the two C4 genes in the H-2¥ haplotype differ exactly for the presence and absence of
a Hind IIT site in the region intercepted by the two hybridization probes used. Lanes 2 and 3
contain Hind IIT digests of BIO.HTT liver DNA hybridized respectively with the 3" most Pst I
fragment of the pMC4/7 insertion and with the larger Pst I-Hind III fragment of the same
insertion (figure 1). A larger hybridizing fragment of about 20 kilobases is detected with both
cDNA probes, independently of their location with respect to the Hind-III site. This fragment
defines the H-2% C4 gene that lacks a Hind III site in the region probed. Conversely, the
change in size of the other restriction fragment detected by the two probes, respectively 3’ and
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5’ to the Hind III site of clone pMC4/7 demonstrates the presence of a Hind III site in the
second C4 gene. The sequences corresponding in this gene to the C4d region are distributed
overa 5’ Hind I1I fragment of 13.5 kilobases and a 3’ Hind III fragment of 4.6 kilobases. We have
determined that the Hind III site separating these two fragments corresponds precisely to the
one shown in the sequence presented in figure 2 by limited sequence analysis of the correspond-
ing genomic clone. A survey of Hind III digests of DNA from conventional H-2 haplotypes
hybridized with probes similar to the ones used in figure 3 indicates that the exonic Hind III
site described above discriminates between the two C4 gene copies commonly found in these
strains. In particular, this is evident for the C4 genes of the H-29 haplotype for which a detailed
molecular map has recently been published (Chaplin et al. 1983).

“ 4.6

Ficure 3. Comparison of mouse C4 genes of the H-2%7 haplotype (lane 1) and of the H-2* haplotype (lanes 2 and
3) by Southern blot analysis. Liver DNA (15 pg) from B10.W7R (lane 1) or from B10.HTT (lanes 2 and 3)
was digested with Hind III and hybridized with the 3’ most Pst I fragment of the insertion of clone pMC4/7
(lanes 1 and 2) or with the longer Pst I-Hind III fragment isolated from the same clone (lane 3). The arrowheads
point to two Hind III fragments located respectively 3’ (4.6 kilobase) and 5’ (13.5 kilobase) to the exonic Hind
I11 site that characterizes the C4d encoding region of one of the two C4 genes of the H-2¥ haplotype.

The abundance of the cDNA class represented by clone pMC4/7 suggests that the presence
of the Hind III site in the region encoding C4d identifies the C4 rather than the C4-Slp isotype
because the former appears to be expressed at considerably higher levels (Ogata et al. 1983
and our own unpublished estimation based on immunoprecipitates of in vitro translation
products). Interestingly, the sequence of the clone pMC4/201, here correlated with the C4-Slp
gene, bears an additional potential glycosylation site which could contribute to the higher
degree of glycosylation that distinguishes the carboxy-terminal half of the C4-Slp%’? chain
from the corresponding part of the C4%7 protein (Karp 1983).

This work was supported in part by the Ministére de I’Industrie et de la Recherche under
grant 83C 0855. We thank M. Carroll and R. Porter for the use of the human Alu/7 C4 clone.
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Ficure 3. Comparison of mouse C4 genes of the H-2%" haplotype (lane 1) and of the H-2¥ haplotype (lanes 2 and
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3) by Southern blot analysis. Liver DNA (15 pg) from B10.W7R (lane 1) or from B10.HTT (lanes 2 and 3)
was digested with Hind III and hybridized with the 3’ most Pst I fragment of the insertion of clone pMC4/7
(lanes 1 and 2) or with the longer Pst I-Hind I1I fragment isolated from the same clone (lane 3). The arrowheads
point to two Hind III fragments located respectively 3 (4.6 kilobase) and 5" (13.5 kilobase) to the exonic Hind
[11 site that characterizes the C4d encoding region of one of the two C4 genes of the H-2* haplotype.
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