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Genetic Defect in Biosynthesis of the Precursor Form

of the Fourth Component of Complement

Abstract. Under cell-free conditions, liver polysomes from guinea pigs genetically
deficient in the fourth component of complement (C4) did not synthesize pro-C4 (the
precursor of C4), but did synthesize nascent C4 polypeptides which remained poly-
some bound. The defect was specific for pro-C4 synthesis since the amounts of total
protein and albumin synthesis and release from C4-deficient polysomes were similar
to that in normal guinea pig liver polysomes.

Complement, a group of 19 plasma
proteins, is one of the principal humoral
effectors of inflammatory reactions. A
deficiency of the fourth component of
complement (C4) in guinea pigs, de-
scribed by Ellman et al. (1), is inherited
as an autosomal recessive trait and is ge-
netically linked to histocompatibility loci
(2). No C4 protein is found in serums
from homozygous-deficient animals even
with the use of sensitive methods ca-
pable of detecting one-millionth the nor-
mal levels of C4 (3). Cells and tissues
from homozygous C4-deficient animals
neither synthesize nor secrete C4 in vitro
under conditions that support synthesis
by normal cells (¢). Somatic cell hybrids
of C4-deficient peritoneal macrophages
from guinea pigs with (human) HelLa
cells synthesize C4 of human origin (5),
although neither parent cell alone pro-
duces C4. A factor has been isolated
from guinea pig peritoneal macrophages
which is capable of inducing HeL a cells
to synthesize and secrete C4 (6). The fac-
tor is present in C4-deficient macro-
phages at concentrations at least five
times greater than that in normal macro-
phages. In order to investigate further
the molecular basis for genetic control of
C4 synthesis, we designed a cell-free
protein synthesizing system (7). We now
find, using this method, evidence for a
defect in specific C4 messenger RNA
(mRNA) translation on polysomes from
homozygous C4-deficient guinea pigs.

Polysome preparations from a homog-
enate of normal guinea pig liver (S-20) (8)
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were incubated in the presence of radio-
actively labeled amino acids and an ener-
gy-generating system under optimal ion-
ic conditions (7). Radioactively labeled
C4 was detected by immunoprecipitation
with C4 carrier protein and antiserum to
guinea pig C4. Equivalent amounts of
bovine gamma globulin (BGG) and anti-
serum to BGG or ovalbumin (OVA) and
antiserum to OVA immunoprecipitates
served as controls for nonspecific precip-
itation of radioactivity. Labeled guinea
pig albumin was assayed in a similar
manner with the use of guinea pig albu-
min (GPA) carrier protein and antiserum
to GPA; controls consisted of equivalent
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precipitates of porcine albumin and anti-
serum to porcine albumin. In an earlier
study, analysis of inmunoprecipitates on
sodium dodecyl sulfate (SDS) polyacryl-
amide gels indicated that C4 is synthe-
sized as a single polypeptide chain pre-
cursor protein, designated pro-C4 (7),
which is then converted to the three-
chain structure (molecular weights of
95,000, 78,000, and 31,000) characteristic
of serum C4 (9).

With these methods, the protein syn-
thesizing capacities of normal and C4-
deficient polysomes were compared.
Polysomes from normal guinea pig liver
and, in a separate reaction mixture, poly-
somes from homozygous C4-deficient
guinea pigs were incubated for 90 min-
utes under optimal conditions for cell-
free protein synthesis (7, 8). Polysomes
were removed by centrifugation at
100,000¢ for 2 hours, and the released
proteins were assayed for pro-C4 and
GPA by immunoprecipitation. Control
immunoprecipitates were also formed,
and the radioactivity nonspecifically pre-
cipitated was compared to that in anti-
serum to C4 and antiserum to GPA pre-
cipitates. Total protein synthesis as as-
sessed by precipitation of radioactivity
with hot trichloroacetic acid (TCA) was
similar in each. About 50 percent of the
synthesized protein was released from
polysomes, 3 to 4 percent of which was
GPA and about 0.2 percent pro-C4. For
C4-deficient polysomes, radioactivity
specifically precipitated by antiserum to
C4 was similar to control immunoprecip-
itates (Fig. 1). Analysis of the immuno-
precipitates by means of electrophoresis
on SDS-polyacrylamide gel (Fig. 1)
showed synthesis and release of pro-C4
by normal polysomes, but no pro-C4 in
the polysome-free supernatant from C4-

Fig. 1. Cell-free synthesis and release of pro-
C4 and albumin by polysomes from homo-
zygous C4-deficient (C4D) and normal guinea
pig liver (8). Immunoprecipitable radioactiv-
ity was determined by electrophoresis on 1
percent SDS-polyacrylamide gel (5.6 percent)
containing dithiothreitol (50 mAf). Total and
immunoprecipitable radioactivity (before ap-
plication to the gels) is expressed as counts
per minute per 100 ul. Normal: total protein
(TCA) precipitate), 1.69 x 108; released from
polysomes (TCA precipitate), 9.4 X 10°%; albu-
min, 4.12 X 10%; C4, 3.49 x 103; BGG con-
trol, 1.68 X 10%;, porcine albumin control,
2.68 x 10%. C4-deficient: total protein (TCA
precipitate), 2.41 X 10°; released from poly-
somes, 1.20 X 10°%; albumin, 3.56 X 10%; C4,
1.12 x10%; BGG control, 1.00 x 10%; porcine
albumin control, 4.02 X 10%. This experiment
was repeated more than 12 times with normal
S-20 and four times with homozygous C4-
deficient S-20. In the normal S-20, radioactiv-
ity in the pro-C4 ranged from 100 to 2500 count/
min (see also Fig. 2); no pro-C4 was detected
in any of the C4-deficient S-20 preparations.
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Fig. 2 (left). Synthesis of pro-C4 in (A) homo-
zygous C4-deficient and (B) normal cell-free
mixtures. Released protein plus polysome-
bound nascent polypeptides were determined
by electrophoresis on 1 percent SDS—poly-
acrylamide gel (5.6 percent) in dithiothreitol
(50 mM). Total and immunoprecipitable ra-
dioactivity is expressed as counts per minute

per 100 ul. Normal: total protein, 3.15 X 10%; C4, 3.45 x 10*; OVA control, 4.6 X 103. C4-

deficient: total protein, 2.34 X 10%; C4, 1.58 x 10*; OVA control, 2.2 X 103.

Fig. 3 (right).

Mixture of polysomes from homozygous C4-deficient and normal guinea pig livers. Released
pro-C4 plus polysome-bound nascent chains were determined by electrophoresis on 1 percent
SDS polyacrylamide gel (5.6 percent) in dithiothreitol (50 mM).

deficient incubation mixtures. The
amount of albumin synthesized was simi-
lar in both normal and C4-deficient mix-
tures, demonstrating the specificity of
the defect in the synthesis of pro-C4.
Radioactivity in control immunopre-
cipitates (BGG and antiserum to BGG)
distributed uniformly throughout the
gels.

Total cell-free incubation mixtures,
containing released and polysome-bound
protein, were also analyzed. Under these
conditions, of the total protein in normal
cell-free incubation mixtures about 0.9
percent was C4 antigen, whereas in the
C4-deficient mixtures 0.6 percent was C4
antigen. Electrophoresis of these immu-
noprecipitates on SDS-polyacrylamide
gel is shown in Fig. 2. The normal mix-
tures contained pro-C4 plus a hetero-
geneous mixture of nascent C4 peptides
with molecular weights of 20,000 to
90,000. The C4-deficient mixtures con-
tained no intact pro-C4, but a similar
mixture of nascent C4 peptides bound to
polysomes. The radioactivity in control,
antiserum to OVA immunoprecipitates
distributed uniformly without recogniz-
able peaks of activity.

Normal guinea pig liver incubated in
tissue culture with radioactively labeled
amino acids secretes a C4 that is identi-
cal in size and subunit structure to serum
C4 (9) and contains intracellular pro-C4
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(7). No radioactivity was precipitated
with antiserum in short-term tissue cul-
tures of C4-deficient guinea pig liver, ei-
ther in the medium or in tissue homoge-
nates (data not shown), confirming ear-
lier observations (4) with these more
sensitive methods.

The detection of nascent peptides of
C4 synthesized by polysomes from C4-
deficient liver suggested the presence in
the homozygous-deficient animal of a de-
fective mRNA for C4, or a normal C4
mRNA that is defectively translated. Al-
ternatively, the C4-deficient S-20 might
contain a protease which degraded syn-
thesized pro-C4. To examine the latter
possibility, a mixture of normal S-20 and
C4-deficient S-20 was incubated under
cell-free conditions. Total protein syn-
thesis was similar for normal S-20 (2.3 x
108 count/min per 100 wl) and the mixture
of normal with C4-deficient S-20 (2.1 X
108 count/min per 100 ul). Total reaction
mixtures (before removal of polysomes)
were immunoprecipitated with antise-
rum to C4 and C4 carrier protein and
applied to SDS-polyacrylamide gels (Fig.
3). In order to compare directly the nor-
mal S-20 and normal C4-deficient mix-
ture, the normal S-20 cell-free products
were diluted by half before immuno-
precipitation. The amount of synthesized
pro-C4 was approximately proportional
to the amount of normal S-20 in the in-

cubation mixture and was not decreased
by incubation with C4-deficient S-20.
Other mixtures with ratios of normal to
C4-deficient S-20 from 9 to 0.11 have al-
so been analyzed; the amount of pro-C4
synthesized correlated with the amount
of normal S-20 in the incubation mixture
(data not shown). These mixing experi-
ments, therefore, make it unlikely that a
protease accounted for the failure to de-
tect pro-C4 in C4-deficient mixtures but
do not rule out the possibility of an un-
stable pro-C4.

From these data we conclude that ge-
netic deficiency of C4 in guinea pigs is
probably the result of either a defective
C4 mRNA or defective translation of
normal C4 mRNA. This implies that in
the C4-deficient guinea pig genome, at
least part of the structural gene for C4 is
present in a mutant form. Deficiency of
C4 in guinea pigs may, therefore, be
analogous to some types of B thalas-
semia in humans, in which both non-
functional B-globin mRNA and defective
translation of functional mRNA have
been demonstrated (10).
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