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A B S T R A C T In a patient with increased suscepti-
bility to infection, lowered serum C3 concentration, and
continuously circulating C3b, it was shown that purified
'I-labeled C3 was converted to labeled C3b shortly after
intravenous administration. The fractional catabolic rate
of C3 was approximately five times normal at 10% of
the plasma pool per hr. The synthesis rate and pool
distribution of C3 were normal. Despite this evidence
of C3 instability in vivo, no accelerated inactivation of
C3 was found in vitro. Similarly, no free proteolytic
activity could be detected in the patient's serum, and
serum concentrations of known protease inhibitors were
normal.

Complement-mediated functions, which were markedly
deficient in the patient's serum, could be restored par-
tially or completely by the addition of a 5-6S heat-labile
beta pseudoglobulin from normal serum. The G3 proinac-
tivator, which has these physicochemical characteristics,
was also shown to be either absent or nonfunctional in
the patient's serum. An unidentified 6S beta pseudo-
globulin to which a monospecific antiserum was available
was not detectable in the patient's serum. This last
protein appeared not to be a complement component, nor
was it the C3 inactivator or proinactivator. Finally, the
substance or substances necessary for the conversion of
C3b to C3c were missing from the patient's serum.
The administration of 500 ml of normal plasma to the

patient corrected all of his abnormalities partially or
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completely for as long as 17 days. The changes in C3
were dramatic; serum concentration rose from 8 to 70
mg/100 ml, and C3b could no longer be detected. A
second metabolic study during this normalization period
showed a decrease in fractional catabolic rate toward
normal.
The patient's histamine excretion was constantly ele-

vated but increased further after a warm shower and
after receiving normal plasma; at both times he had
urticaria. These observations were consistent with the
endogenous production of C3a and the resulting hista-
mine release from mast cells. The inactivating mecha-
nism for C3a was apparently intact in the patient's
serum.
The difference in the electrophoretic mobilities of C3b

and C3c was shown as well as the electrophoretic hetero-
geneity of C3c. Suggestive evidence was also presented
that the form of C3 with an activated combining site for
red cells, previously postulated by others, is a transient
C3 conversion product with an electrophoretic mobility
slower than that of C3 on agarose electrophoresis.

INTRODUCTION
In a previous publication (1), we described a young
man with a lifelong history- of infections, in whom all
known aspects of host resistance were normal except
those mediated by the complement system. Of the com-
plement components, all appeared to be intact with the
notable exception of C3. It was shown that the plasma
concentration of this component was considerably re-

The Jour. l of Clinia Investigation Volume 49 1970 1975



duced by immunochemical assay but, more remarkably,
that about three-quarters of the immunochemically reac-
tive C3 was in the form of inactive conversion product.
When complement-mediated functions, such as bac-

tericidal activity for smooth gram-negative organisms,
chemotaxis for leukocytes, hemolysis of antibody-sensi-
tized sheep erythrocytes, and the enhancement of the
phagocytosis of pneumococci by normal leukocytes, were
tested in vitro, they were all found to be grossly defi-
cient. It was shown that these functions could not be
significantly improved by the addition of purified C3 to
his serum. However, small amounts of normal serum,
insufficient in themselves to be effective in the assays,
when added to the patient's serum, did produce signifi-
cant improvement. It was therefore concluded that the
patient lacked one or more substances, probably not com-
plement components, necessary for full complement-
mediated functions in vitro.

In the present report, further definition of the pa-
tient's defects, an analysis of the effects of an infusion
of normal plasma, and some of the relationships of the
patient's defects to normal mechanisms involving C3
are presented.

METHODS
Electrophoresis. Agarose gel electrophoresis was per-

formed as described by Laurell and Nilehn (2). For C3
genetic typing and for the analysis of certain C3 conversion
products, prolonged agarose electrophoresis was carried out
on a modified apparatus, as described previously (3). To
determine the position of protein-bound radioactivity in
certain electrophoretic experiments, the agarose gel was
immersed for 10 min in fixing solution (methanol:water:
acetic acid, 45: 45: 10) containing sufficient amido black to
stain the separated proteins faintly. The gel was then sliced
into 2-mm segments from the origin through the alpha,
region by means of 30 razor blades mounted in parallel in
a plastic holder. The segments were transferred to counting
tubes for measurement of radioactivity in a gamma scintil-
lation counter. In other instances, the agarose gels after
electrophoresis were fixed, dried, and exposed to Kodak
No-Screen X-ray film for radigautography. Agarose was
substituted for agar in fibrin electrophoresis (4).
Antigen-antibody crossed electrophoresis (5) and immuno-

fixation electrophoresis (6) were performed with rabbit
antiserum specific for C3 prepared by immunization with
purified C3 (7). Preparative electrophoresis was carried out
in Pevikon (8).

Other protein separation techniques. Euglobulin and
pseudoglobulin were separated by overnight dialysis of
serum at 4°C against phosphate or EDTA buffer, pH 5.4,
ionic strength 0.02, followed by centrifugation. Gel filtration
was performed at 4°C through columns of Sephadex G-200
(Pharmacia Fine Chemicals, Inc., Piscataway, N. J.).
Preparative ultracentrifugation (9) was carried out with
sucrose density gradients of 10-30%.
Metabolic studies with MI-labeled C3. Studies of the

behavior in vivo of isotopically labeled C3 were performed
as described previously (10).

Other labeled proteins. The purified anticomplementary
protein (CoF) from Naja naja venom (11) was labeled

with '1'I by the iodine monochloride technique (12). Puri-
fied 'I-labeled C3 anaphylatoxin (C3a), prepared by the
method of Dias da Silva, Eisele, and Lepow (13), was
kindly provided by Dr. Irwin Lepow.

Stability of C3 in vitro. Whole clotted blood, whole
blood taken into EDTA (9 mg of disodium EDTA to 7 ml
of blood), and serum from the patient and two normal sub-
jects were incubated at 37°C. Aliquots were removed at
hourly intervals, were frozen at -80°C, and later were
thawed and examined in antigen-antibody crossed electro-
phoresis with antiserum to C3. Serum samples were also
tested for hemolytic complement. The areas under the C3
and conversion product peaks were determined by weighing
(10), and the area under the C3 peak was expressed as a
percentage of the total area for each pattern. The patterns
of the patient's serum or plasma 'were corrected for the
conversion product present in the sample prior to incubation.
The per cent C3 for each experiment was plotted on a
semilogarithmic scale versus time of incubation. The points
obtained by this analysis were fitted to a straight line in
each instance. The slopes of these lines- were taken as the
conversion rate of C3 in vitro as a first order process.
Complement-mediated functions. Hemolytic complement,

bactericidal activity, chemotaxis, and enhanccement of
phagocytosis were measured as described previously (1).
Serum protease and protease inhibitors. The patient's

fresh serum and normal serum and a solution of trypsin
(100 mg/100 ml) as a positive control were subjected to
agarose electrophoresis. The gel containing the separated
proteins was transferred to light-exposed and developed
X-ray film and incubated in a moist chamber for 1 hr.
On removal of the gel, the film was examined for evidence
of digestion. The patient's serum was tested for esterolytic
activity with N-acetyl-L-tyrosine ethyl ester and p-toluene-
sulfonyl-L-arginine methyl ester in a pH Stat (Radiometer
Co., Copenhagen, Denmark) and with benzoyl-DL-arginine
nitroanilide HCl by a colorimetric method (14). Total
trypsin-inhibiting capacity (15) and alpha2-macroglobulin
(16) were assayed by trypsin-binding methods, and the C1
esterase inhibitor was measured by an esterolytic technique
(17). In addition, the concentrations of alphal-antitrypsin,
alpha2-macroglobulin, C1 esterase inhibitor, alpha1-antichymo-
trypsin, and the inter-alpha trypsin inhibitor in the patient's
serum were estimated immunochemically (18) with mono-
specific antisera.

Urinary histamine. Urinary histamine excretion (19)
was measured in the patient on several occasions and in
normal subjects.

FIGuRE 1 Immunoelectrophoresis in agarose gel. The anode
is at the right, the origins at the left. The top antigen
trough contained normal serum; and the bottom antigen
trough contained the patient's serum. The antibody trough
contained antiserum to the unidentified beta globulin. No
precipitin arc is seen with the patient's serum.
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Studies of an unidentified beta globulin. An antiserum
prepared in a rabbit against a purified 4.3S gamma glyco-
protein (20) reacted with an unidentified beta globulin in
fresh normal serum. The antiserum had previously been
shown not to react with C2, C3, C4, C5, C9, or a variety
of other known proteins. The precipitin arc of this protein
was absent from the patient's serum on immunoelectro-
phoresis (Fig. 1). As judged by gel filtration through
Sephadex G-200, the antigen in normal serum was approxi-
mately 6S, and it did not become 9S on treatment of serum
with Naja naja venom in the presence of Mg*. The anti-
serum was found by Dr. Peter J. Lachmann of Cambridge,
England, not to react with purified C3 inactivator.

RESULTS
Metabolic studies with 'I-labeled C3. Metabolic

studies with intravenously administered 'I-labeled C3
SS revealed a normal synthesis rate of C3 of 1.2 mg/kg
per hr and a markedly increased fractional catabolic rate
of 10.1% of the plasma pool per hr (Patient, I, in Fig.
2 and Table I). As in previous studies (10), the same
labeled C3 preparation was given to a normal control
subject and yielded values for metabolism within the
previously determined normal range. Plasma samples
obtained 10 min and 2 hr after injection were analyzed
for protein-bound radioactivity after agarose electro-
phoresis, as shown in Fig. 3. Whereas the protein-bound
radioactivity had the electrophoretic mobility of C3 in
the 10-min and 2-hr samples from the normal subject
and in the 10-min sample from the patient, approxi-
mately 40% had the mobility of C3b or C3c in the 2-hr
sample from the patient. Thus, there was substantial
conversion of the administered, labeled C3 by 2 hr
in vivo.

Studies of C3 stability in vitro. In view of the
apparent marked instability of C3 in vivo in the patient,
evidence for similar instability in his blood in vitro was
sought. The conversion rates of C3 on incubation of
whole clotted blood or serum at 370C were similar for
the patient and for the normal controls and were ap-
proximately 20% of native C3 per hr. The rates in the
presence of EDTA were 1.6% per hr for the patient
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FIGURE 2 Plasma disappearance curves of MI-labeled C3
in 11 normal subjects (shaded area) and in the patient
under base line conditions (I) and after the infusion of
500 ml of normal plasma (II).

and 0.9% per hr for the control. Hemolytic complement
decayed at approximately 2.6% per hr in both the
patient's serum and in the normal control serum.
The nature of the circulating C3 conversion product.

On prolonged agarose gel electrophoresis and immuno-
fixation with anti-C3, the conversion product in the
patient's fresh plasma formed a single band (Fig. 4).
C3c produced by incubation of normal C3 SS serum
for 2 days at 370C consisted of multiple bands which
were mostly of more anodal mobility than the conversion
product in the patient's plasma. The mobility of the
patient's conversion product was the same as that of

TABLE I
Metabolism of r2I-labded C3

Extravascular
C3 Catabolic Synthesis pool to plasma

Subject concentration* rate rate ratio

mg/100 ml % plasma mg/kg per hr
- per hr

Patient, I (base line) 30 10.08 1.2 0.92
Patient, II (after infusion of normal

plasma) 65 6.47 1.6 1.12
Mean of normals 1:2 SDM 148.4 A35.7 2.35 1:1.05 1.38 4-0.51 0.90 A-0.41

* Total immunochemically determined C3.
From reference (10).
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C3b produced by brief treatment of purified C3 with
trypsin or by incubation of the patient's serum (to
which C3 had been added to normal concentration) with
antigen-antibody precipitate. The immunochemically re-
active C3 in the patient's serum formed a single peak
of approximately 9S on both gel filtration through
Sephadex G-200 (Fig. 5) and sucrose density gradient
ultracentrifugation. Thus, the conversion product had
physicochemical characteristics similar to those of C3b
SS (21).
Absence of C3b to C3c conversion in the patient's

serum. After incubation at 370C for 2-7 days, the elec-
trophoretic and gel filtration characteristics of the
immunochemically reactive C3 were exclusively those
of C3b, as seen in Figs. 4 and 5. Thus, a mediator of
the conversion of C3b to C3c appeared to be absent from
the patient's serum.

Characterization of the substance in normal serum
capable of restoring complement-mediated functions to
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the patients serum in vitro. Normal serum was sub-
jected to various treatments and fractionation proce-
dures. As can be seen in Table II and Figs. 6 and 7, the
restoring substance was a 5-6S heat-labile beta pseudo-
globulin present in "complement-fixed" serum. Since it
was known from previous studies that C1, C4, C2, CS,
and C6 were normal in concentration and that "C3" was
essentially normal by reagent titration (implying that
C7, C8, and C9 were normal in concentration), it
seemed unlikely that the substance deficient in the pa-
tient's serum was a complement component. The present
studies provide further support for this conclusion in
that C2 deficient human serum, serum from a patient
with hereditary angioneurotic edema (deficient in C4
and C2), C5S deficient mouse serum, and C6 deficient
rabbit serum were as effective as normal serum in
restoring complement-mediated functions to the patient's
serum.

C3 (+)

(+)

PT 2 HR

-A
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FIGURE 3 Electrophoretic distribution of plasma radioactivity after intravenous administra-
tion of purified 'I-labeled C3. The upper patterns are from a normal subject 10 min (NL 10
MIN) and 2 hr (NL 2 HR) after administration. The lower patterns are from the patient
(PT 10 MIN and PT 2 HR). The positions of C3 are indicated for each experiment, as well
as those of the origins (arrows on open circles) and anodes (+). The extra anodal radioactive
peak in the 2-hr sample from the patient corresponded in electrophoretic mobility to C3b or C3c.
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FIGURE 4 Prolonged agarose gel electrophoresis and im-
munofixation with anti-C3. The anode is at the top and
only the 8lu-as region is shown. The conversion product in
the patient's fresh serum (c) had the mobility of C3b SS
and was essentially unchanged after 2 days of storage at
370C (b). However, a sample obtained 2 days after the
infusion of normal plasma (a) and stored for 2 days at
370C showed the pattern of C3c SS similar to that produced
on storage of normal C3 SS serum under the same condi-
tions (d).

Studies of the proinactivator of C3. Because of the
physicochemical similarities of the restoring substance
to those of the C3 proinactivator characterized by
Muiller-Eberhard and associates (11), evidence for the
presence or absence of this protein in the patient's serum
was sought. On addition of 'I-labeled C3 and of purified
CoF to normal serum and to the patient's serum, incu-
bation for 30 min at 37°C, agarose electrophoresis, and
radioautography, it was evident that, whereas the CoF
induced complete conversion of the labeled C3 in normal
serum, the labeled C3 in the patient's serum underwent
only slightly more conversion than did the labeled C3 in
buffer control (Fig. 8). Furthermore, 'I-labeled CoF
when added to the patient's serum or to the buffer
control emerged entirely as a 7S protein from a Sepha-
dex G-200 column, whereas there was a 9S peak when
the labeled CoF was added to normal serum. This
indicated that the normal complex between CoF and
proinactivator (11) could not be generated in the pa-
tient's serum, and that therefore, the patient's serum
lacked functional proinactivator.
Serum proteases and protease inhibitors. Neither the

patient's whole serum nor his serum proteins separated
in agarose electrophoresis showed digestion of gelatin
on an exposed, developed X-ray film. Similarly, there
was no evidence in his serum of abnormal esterolytic
activity for N-acetyl-L-tyrosine ethyl ester, p-toluene-
sulfonyl-L-arginine methyl ester, nor for benzoyl-DL-
arginine nitroanilide HC1. The concentrations of major
protease inhibitors were normal as shown in Table III,
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FIGUlI 5 Gel filtration on Sephadex G-200 of the patient's
serum stored for 2 days at 37°C (upper pattern), and his
serum obtained 2 days after the infusion of normal plasma
and stored for 2 days at 37C (lower pattern). The closed
circles represent protein concentration and the open circles
C3 concentration.

as was the pattern of trypsin inhibitors in fibrin agarose
electrophoresis.
The effects of infusion of normal plasma. Approxi-

mately 500 ml of plasma from a healthy donor judged to
be free of hepatitis were infused intravenously over a

45-min period. Within a few minutes of the completion
of the infusion, successive crops of nonpruritic urticaria
developed over the patient's face, trunk, and proximal
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FIGuRE 6 Gel filtration on Sephadex G-200 of normal
serum. Only the fractions shown in the hatched area at the
bottom of the figure restored complement-mediated func-
tions (bactericidal activity, enhancement of phagocytosis, and
chemotaxis) to the patient's serum.
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TABLE I I
Restoration by Serum and Serum Fractions of Complement-Mediated Functions

to the Patient's Serum

Bactericidal Chemotactic Enhancement of
Test sample activity activity phagocytosis

Euglobulin from normal serum - - -
Pseudoglobulin from normal serum + + *
Normal serum heated at 52'C for i hr - - -
Normal serum incubated with antigen-
antibody precipitate at 370C for 1 hr + + +

C2-deficient human serum + + +
Serum from a patient with hereditary

angioneurotic edema + + +
CS-deficient mouse serum + + +
C6-deficient rabbit serum + + +

* Pseudoglobulin from normal serum resulted in enhancement of
purified C3 was added.

extremities. These lesions came and went over the next
5 or 6 hr only to return transiently for several hours
17 days later. They were identical with those observed
after he took a shower (1).
The changes that occurred in C3 are shown in Figs. 9

and 10 and consisted of the following: (a) the transient
appearance over the first hour following the completion
of the infusion of a conversion product slower in electro-
phoretic mobility (gammat) than C3; (b) anodal broad-
ening of the C3b area with the appearance of several
minor peaks; on prolonged agarose immunofixation elec-
trophoresis, it could be seen that material with the
appearance and mobility of C3c had emerged; (c) a
gradual decrease of protein in the area of C3b-C3c over
a 6 hr period after the infusion so that by 16 hr, con-
version products were no longer visible; (d) a gradual
rise in the concentration of C3 from the initial level of
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FiGURE 7 Preparative electrophoresis on Pevikon of nor-
mal serum. The anode was at the right. The fractions that
restored complement-mediated functions to the patient's
serum are Iindicated by the hatched area at the bottom of
the figure.

phagocytosis if

about 8 mg/100 ml to 70 mg/100 ml by the 7th day
after the normal plasma infusion; and (e) persistence
of the elevation in C3 concentration and absence of
detectable conversion products until 17 days after the
infusion, at which time C3 began to fall and C3b re-
appeared. By 29 days the initial C3 constellation had
been reestablished.
As is apparent from Fig. 10, restoration of hemolytic

complement paralleled the changes in C3, as did the
restoration of bactericidal activity, chemotaxis, and en-
hancement of phagocytosis, although these functions
deteriorated somewhat more rapidly than did C3. Al-
though MI-labeled C3 was promptly converted to C3b
or C3c in the patient's serum during the restoration
period on the addition of CoF in vitro, no radioactive 9S
peak could be demonstrated on gel filtration after the
addition of MI-labeled CoF.

Following the infusion of normal plasma, the un-
identified beta globulin became detectable at 5.6 hr,
reached a peak concentration of 8% of that in normal

(4)

An.*.*. .g 't '~-

50 250 500 - 50 250 500

FIGURE 8 Radioautograph of agarose gel electrophoresis.
II-labeled C3 was added to the patient's serum (three left-
hand patterns), 0.15 M phosphate buffered saline, pH 7.4
(center pattern), and normal serum (three right-hand pat-
terns). These mixtures were then incubated with purified
CoF (anticomplementary protein from Naja naja venom)
for 30 min at 370C and subjected to electrophoresis. The
amounts in 1Ag of CoF added per ml are shown at the
bottom of the figure.

1980 C. Alper, N. Abramson, R. Johnston, Jr., 1. Jandl, and F. Rosen



TABLE III
Serum Concentrations of Protease Inhibitors

Immunochemical assay Enzymatic assay

al-Anti- Inter-a Total anti-
ai-Anti- chymo- trypsin ag-Macro- CY in- tryptic a2-Macro- C in-
trypsin trypsin inhibitor globulin* hibitor activity globulin hibitor

% normal % normal % normal % normal % normal mg trypsin % normal U/ml
pool pool pool pool pool inhibited pool

per ml

Patient 111 129 160 92 88 0.83 91 7.8
Normal 68-138§ 64-151 75-138 39-154 44-170 0.6-1.6 47-153 4-7

* Uncorrected for age or sex.
$ The normal pool was composed of equal parts of serum from 24 healthy young adults.
I Mean 42 SD.

pooled serum at 16 hr, and was again no longer detect-
able after 25 hr.

Storage, at 370C for 2 days, of a serum sample ob-
tained 48 hr after the normal plasma infusion resulted

c b C3 t

pre-infusion

in conversion of the patient's C3 to material with the
characteristics of G3c SS (Figs. 4 and 5) (22).
The results of a second metabolic study with I-

labeled C3 (Patient, II) performed after the plasma

c b C3

3 hr

post 2 5 0 ml-

... ..

post 500 ml

......

75 mion

10 days

A
........ W

19 days

A;

uII~~~~~~~~k~~~~SMI~~~~~- ai

28 days

Tf Fib 0:2 Tf Fib

FIGURE 9 Antigen-antibody crossed electrophoresis of the patient's
serum in relation to the infusion of normal plastha. The anode for the
first electrophoresis was at the left, and for the second dimension,
it was at the top. The positions of C3, C3b (b), C3c (c), and the
'yi conversion product are indicated at the top, and the positions of
the a, area, transferrin (Tf), and fibrinogen (Fib) on the stained
strips below each pattern are shown at the bottom.

Abnormality of C3 Metabolism 1981

j



._.-
,c ._1
0 _.

U <
0

o

0

0 E
en

0
U Z

Ol

C fn

E 0o

C 0 Z

C C_

so -

cE
O o

0 0

EZ

1 -e

._ O
_O.-

c
0

C

0

u

4+-
2+

100'

50

100

50

100

80

40

INFUSION OF
NORMAL PLASMA

0 5 10 15 20 25 30 35 39

DAYS

FIGURE 10 The patient's C3 and complement-mediated functions following the
infusion of 500 ml of normal plasma. In the graph for C3 concentration, the open
circles represent C3 itself and the closed circles represent conversion products.

infusion are shown in Fig. 2 and Table I. The fractional
catabolic rate fell to approximately 6.5% of the plasma
pool per hr, and the synthesis rate of C3 was again
normal and similar to that observed during the base
line study of this patient. No labeled C3b or C3c could
be detected in either the 10-min or 2-hr samples. The
conclusion that the rise in C3 concentration was the

result of the patient's own synthesis and not of the
infusion of C3 in the donor plasma was substantiated
by C3 typing. At the height of the rise in C3 concentra-
tion, the patient's plasma contained C3 SS, whereas
the donor plasma contained C3 FS.
Histamine excretion studies. Urinary excretion of

histamine was significantly elevated at all times in this

TABLE IV
Histamine Excretion

Urine Collection Total Urine histamine
Subject volume period histamine concentration

ml hr pg pg/mi
Patient, resting 1420 24 407 0.287
Patient, 4 hr after a warm shower 255 4 814 3.192
Patient, 12 hr after plasma infusion 385 5 458 1.190
Normal subjects* 24 5-58 (0.003-0.072)+

* From reference (19).
t An estimate based on total histamine and assuming a range of normal 24 hr urine volumes of 800-
2000 ml.
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patient, even at times when he refrained from bathing
(Table IV). Following a warm shower, histamine
excretion increased markedly, as it also did following
the plasma infusion after he exhibited urticaria (Table
IV).

Inactivation of C3a. Upon the addition of 'I-
labeled C3a to the patient's base line serum and to
normal serum and subsequent agarose electrophoresis
and radioautography, it was found that the same
change in the mobility of C3a from mid-gamma to
rapid beta occurred in both specimens, suggesting the
presence of C3a inactivation in both the normal serum
and serum from the patient (Fig. 11). In addition,
although an incubated mixture of purified Cls, C4, C2,
and C3 resulted in anaphylatoxin generation as judged
by contraction of guinea pig ileum (23), the same mix-
ture (with Cls in excess of the C1 esterase inhibitor in
the patient's serum) in the presence of the patient's
serum failed to produce such contraction.

DISCUS SION
The observations in this report shed light not only on
the molecular pathophysiology in an unusual patient but
also on the normal physiology of complement. The pri-
mary defect in this patient remains to be defined. As a
working hypothesis, it seems reasonable to assume that
the patient lacks an inhibitor of some protease in analogy
to the absence of the inhibitor of Cd in patients with
hereditary angioneurotic edema (24). Our failure thus
far to demonstrate uninhibited protease activity either
as esterolytic activity or as an accelerated conversion of
C3 in vitro in the patient's serum or plasma does not ex-
clude this hypothesis. Patients with hereditary angioneu-
rotic edema do not have free C1 in their serum except
during attacks, although they lack the Cd inhibitor at
all times (25). If the patient's primary defect is the lack
of an inhibitor of a protease with C3 as a substrate, thus
explaining the continuous conversion of C3 to C3b, other
proteins might also be lowered in concentration if they,
too, are substrates of the postulated enzyme. Alterna-
tively, the continuous attack on C3 with the consequent
production of large amounts of conversion products
might result in exhaustion of substances which bind
these products, much as haptoglobin is lowered when
hemoglobin is released from red cells in vivo. However,
the inactivating mechanism for C3a, at least, appears to
be intact in our patient, as shown by the normal change
in the mobility of 'I-labeled C3a from gamma to beta
on addition to his serum (26) and functional inactivation
of C3a.

If the protein capable of restoring complement-medi-
ated functions to the patient's serum in vitro is the sub-

'Performed in collaboration with Dr. Irwin H. Lepow.
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FIGuRE 11 Radioautograph of agarose gel electrophoresis.
The left-hand pattern is of '"I-labeled C3a in buffer with
1% human albumin; the middle pattern is of labeled C3a
added to the patient's serum; and the right-hand pattern is
of labeled C3a added to normal serum.

stance primarily defective, the possibility that it may be
the same as the proinactivator is intriguing but puzzling.
Although the physicochemical characteristics of the two
proteins are similar, and it has been shown that the pa-
tient's serum is devoid of active proinactivator, it is
difficult to understand why a protein known to be able to
induce conversion and inactivation of C3 in conjunction
with CoF (or a presumed human analogue of CoF)
should normalize complement-mediated functions. The
rise in concentration of the proinactivator following the
plasma infusion was only partial, since, although CoF
induced C3 conversion, no 9S inactivator complex could
be detected.

It may well be that the protein capable of restoring
complement-mediated functions is the same as that shown
to be necessary for full enhancement of phagocytosis of
pneumococci by normal leukocytes in the presence of
antibody, the first four components of complement, and
a dialyzable cofactor (27). If this is so, and this is the
same protein responsible for the observed decrease in
conversion of C3 to C3b in vivo following the plasma
infusion, it may be thought of as a C3 stabilizer in vitro
as well as in vivo, on the cell as well as in the fluid
phase. Work to obtain evidence on this point is cur-
rently in progress.
The restoration, complete or partial, of all measured

defective functions in the patient by an infusion of nor-
mal plasma strongly supports our original hypothesis
that he has an inborn error (1). The surprising length
of time for which this restoration persisted (17 days)
suggests either that the substance which he primarily
lacks is degraded very slowly or that it is extraordinarily
potent or both.
The transient appearance of the gammal conversion

product in the patient's plasma is of interest, particu-
larly since it immediately followed the plasma infusion
and coincided with the onset of his urticaria. We have
noted earlier (6) that this slow conversion product,
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which is of identical mobility in agarose electrophoresis
as the slow hydrazine product described by Lundh (28),
is seen during storage of whole serum, particularly in the
cold, and transiently on incubation of serum with zy-
mosan and Cis in excess of the C'inhibitor. It is pos-
sible that this is the form of C3 with the activated com-
bining site for red cells postulated by Muller-Eberhard
and coworkers ( 11).
The most likely explanation for the patient's elevated

urinary excretion of histamine at all times is that with
constant conversion of C3, some C3a is constantly gen-
erated, and C3a is known to be capable of releasing hista-
mine from rat (23) and human (29) mast cells. The
urticaria following the plasma infusion might then have
resulted from the sudden influx of C3 to serve as sub-
strate for the generation of more C3a with the consequent
further rise in the patient's urinary histamine. Similarly,
as the conversion mechanism reaccelerated at about 17
days, the concentration of C3 was high, and the urticaria
observed at that time might be explained in similar
fashion. We have no explanation for the patient's urticaria
following exposure to water.
The nature of the beta globulin antigen remains ob-

scure. It appears to be one of the proteins secondarily
missing from the patient's serum, and the evidence indi-
cates that it is not the C3 inactivator or proinactivator.
The effects on C3 of the infusion of normal plasma are

strongly reminiscent of the behavior of Factor VIII in
the plasma'of patients with von Willebrand's disease
(30, 31) after receiving Fraction I-0 or plasma from
patients with hemophilia A or normal subjects. Whereas
the effects of such infusions have been interpreted as an
induction of Factor VIII synthesis, a mechanism similar
to that observed for C3 in the present patient may be
operating.
The role of the C3 inactivator (32) or KAF (33) in

the conversion of C3b to C3c, evidence that the patient's
serum also lacks this protein, and the relationship of this
protein to the C3 coating of the patient's red cells (34,
35) will be the subject of another report.
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