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In 1954 Pillemer and his associates (1) described experiments which indi- 
cated the presence in normal serum of a protein, named properdin (P), to 
which was ascribed a basic role in varied areas of academic and clinical in- 
terest. This protein was stated to combine with zymosan (Z) at temperatures 
only above 15 ° and in the presence of both Mg ++ and certain components 
of complement (C'). At 37 ° the Z .P  complex was stated to inactivate the 
third component of C' (C',) without fixing the other components of C', provided 
that Mg ++ was present. From subsequent work (2) properdin has assumed a 
position of importance in explanations for the mechanism of natural immunity 
against bacteria and viruses, and for the defect in the immune mechanism 
following irradiation. In view of the reactivity of this substance in a variety of 
apparently unrelated phenomena, a re-examination of certain elementary 
aspects of the properdin system seemed indicated in order to definitely estab- 
lish the specific nature of this hypothetical protein. In the present study this 
has been approached through a detailed investigation of fixation of the com- 
ponents of C' in guinea pig serum in order to learn the mechanism of inactiva- 
tion of the third component by Z as compared with inactivation by certain 
classical antigen-antibody complexes. 

While the evidence supporting the concept of properdin as a single substance was 
persuasive, it seemed equally reasonable that many of the characteristics of properdin 
could be explained on the basis of low levels of antibody (Ab) in normal serum capable 
of reacting with zymosan or related substances in conjunction with certain compo- 
nents of C'. However, as emphasized initially by Pillemer, there was no evidence for 
Ab to zymosan, and certain characteristics of properdin, e.g. its apparent lack of 
serological specificity, the requirement for Mg ++ and for C r, and the unique aspects 
of reactivity at 15 °, were not compatible with dassical notions of Ab reactivity. 

In view of the evidence available at that time (November, 1955) an investigation 
was initiated to test the following two postulates. First, the zymosan-properdin com- 
plex is composed of varying proportions of three complexes, Z.Ab, Z.Ab. C~. 4, and 

* Reports of this work were presented at the Connecticut Valley branch of the Society of 
American Bacteriologists in October, 1956, and at a Conference on Complement, Walter Reed 
Institute for Research in March, 1957. 
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516 ALTERNATIVE MECHANISM I~OR PROPERDIN SYSTEM 

Z. Ab- C~, 4, 2, dependent upon the time and temperature involved in preparation and 
purification; and, second, the purported selective inactivation of C% by Z reacting 
with whole serum was misconstrued in the properdin studies owing to the expression 
of residual units of C ~ components in terms of percentage rather than of reactive 
units. Since by the usual technique the number of reactive units of C~8 in whole serum 
represents only ~5 to ~0 the number of reactive units of C~,. 4, an equivalent loss of 
both components would appear as more significant for loss of C'3 than for C~, 4. In 
addition, the loss of only 100 to 400 units of C~1.4 would be masked within the error 
of measurement (4-50 per cent) inherent in the classical technique for titration of 
components. 

From this hypothesis and from recent studies by Cowan (3) on the neutralization 
of bacteriophage by normal serum has evolved the concept that the "natural" Ab's 
in different sera have varying avidity for different polysaccharide antigens and that 
with Ab of low avidity C' may serve to strengthen the union between Ab and anti- 
gen. Thus, under certain conditions C t would appear to be necessary for the "com- 
bination" of Ab with antigen, perhaps analogous to the model proposed by Dacie e¢ 
a/. with "incomplete" hemolytic antibody (4). 

Since zymosan has been employed extensively as the model for studies on 
properdin, most of the experiments here described concern: (a) evidence for 
the presence in normal serum of Ab which combines with Z; and (b) meas- 
urements of fixation of C'1.4 and of Cr, by Z reacting with whole serum. I t  
should be noted as a limitation in this study that most of the latter have 
been performed with guinea pig C' since this represents the only species which 
had been studied thoroughly with regard to quantitative measurements of 
C'a and to the exact requirements for divalent cations and for temperature 
during fixation. Presumptive evidence has been obtained for the formation 
and "decay" of the complex Z.Ab.C'x, 4, 2 in this complex reacted with cr8 
in the presence of ethylenediaminetetraacetate (EDTA) t added to bind Ca ++ 
and Mg ++, but lost this ability to react with C'a after incubation at 37 °. The 
results with Z have been compared with measurements of C' fixation by 
Diplococcus pneumoniae and by washed precipitates of a complex consisting 
of bovine serum albumin-rabbit antiserum (BSA-anti BSA). While not exten- 
sive, the latter results are interpreted as indicating that under controlled 
experimental conditions, approximately equivalent ratios of units of C', to 
C'1, 4 are fixed in all three systems. Finally, initial experiments have been 
performed with purified properdin which indicate that this material contains 
significant amounts of what is interpreted to be classical Ab. 

EXPERIMENTAL 

I. Preliminary Experiments.--Initial evidence for Ab in normal serum 
which reacts (or cross-reacts) with Z came from experiments on immune 

t EDTA, ethylenediaminetetraacetate. 
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ROBERT A. NELSON, JR. 517 

adherence  (I-A) 2 of Z wi th  h u m a n  e ry th rocy tes .  A brief descr ipt ion of two 

ear ly  exper iments  follows : -  

Experiment 101755.--A pool of fresh serum from normal guinea pigs was "passed" through 
amberlite IRC-50 to remove Mg ++ and Ca ++. A sample of non-passed serum was heated at 
56 ° for 45 minutes. Reaction mixtures were prepared containing 0.5 ml. of washed zymosan 8 
with: (a) veronal buffer with Ca ++ and Mg ++ (VB++); (b) heated serum and VB++; (c) fresh 
"passed" serum and "passed" veronal; and (d) fresh "passed" serum and VB ++. After 30 
minutes at 37 ° the zymosans were washed and mixed with human erythroeytes. Upon micro- 
scopic examination, 85 per cent of the particles from mixture (d) were found to be adherent to 
the erythrocytes, while essentially none were adherent from mixtures (a), (b), and (c). 

Since ev idence  to da t e  indicates  t ha t  bo th  Ab and C '  are requi red  for I -A  

(6), these results  suggested tha t  the  normal  se rum conta ined  Ab which com- 

bined wi th  Z to fix C '  and induce suscept ib i l i ty  to I-A. In  assays wi th  pneu-  

mocci  and wi th  B S A - a n t i  BSA, it  has been found tha t  I -A will occur  wi th  

serum di lu ted  to conta in  only abou t  0.01 ~g. Ab n i t rogen  (N).  I n  subsequen t  

assays wi th  guinea pig serum, 1 ml. of a 1~0 0 di lut ion sensit ized Z to reac t  

in I-A,  suggest ing tha t  und i lu ted  se rum conta ined  a m o u n t s  of Ab approxi -  

m a t e l y  5 #g. Ab  N.  An absorp t ion  of the  Ab f rom serum at  0 ° in the  re la t ive  

absence of d iva len t  cat ions was pe r fo rmed  next.  

Experiment 111455.--To 1 gm. of Z, washed with "passed" VB, was added 25 ml. of cold, 
fresh, and "passed" serum from a normal human being. After agitation by hand for 30 min- 
utes at 0 °, the mixture was centrifuged, and the supernatant serum absorbed with another 1 
gm. of Z for 30 minutes at 0 °. The zymosan was removed by centrifugation at 20,000 R.P.M. 
for 30 minutes. A sample of "non-passed" serum was heated at 56 ° for 60 minutes. Four mix- 
tures were made of Z suspended in VB ++ with: (a) VB ++ only; (b) heated serum; (c) fresh, ab- 
sorbed serum; and, (d) heated serum plus fresh absorbed serum. The absorption of fresh 
serum at 0 ° in the absence of Mg ++ and Ca ++ resulted in complete loss of ability to induce 
I-A. While serum heated at 56 ° similarly was non-reactive, the combination of heated serum 
with fresh absorbed serum resulted in restoration of I-A reactivity. 

These  resul ts  demons t r a t ed  tha t  I -A wi th  Z requires  bo th  a re la t ive ly  hea t -  

s table  componen t  of normal  serum which was r emoved  by  absorp t ion  of serum 

at  0 ° in the re la t ive  absence of d iva len t  cations,  and a hea t - labi le  c o m p o n e n t  

of normal  serum, ac t ing  only  in the presence of Ca ++ a n d / o r  M g  ++. T e n t a -  

t ively,  the  two componen t s  were in te rpre ted  to be Ab and  C '  reac t ing  in 

the  classical fashion. Subsequen t  exper iments  showed tha t  the re la t ive  h e a t  

s tab i l i ty  of Ab var ies  wi th  the species f rom which the  normal  serum was ob- 

tained,  and tha t  the ease with which Ab m a y  be r emoved  by  absorp t ion  in 

the  cold in the  presence of E D T A  var ies  wi th  the ind iv idual  se rum employed  

2 I-A, immune adherence. 
3 Zymosan for these early experiments was supplied by Dr. D. Rowley. Zymosan, lots 

5B-171, 6B-382, 6B-383, and 6B-14, was purchased from Standard Brands Inc., for subsequent 
experiments. 
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518 ALTERNATIVE MECHANISM FOR P R O P E R D I N  S Y S T E ~  

and presumably is dependent upon the avidity as well as the total content 
of Ab in the serum. 

I I .  Agglutination.--It was soon found that  sera from a variety of animals 
and human beings would induce agglutination of Z particles (Fig. 1), but  

FIG. 1. Darkfield photomicrograph of agglutinated zymosan granules. The mixture con- 
tained zymosan, EDTA, a 1~6 dilution of normal serum K.H., and was incubated at 2°C. 
overnight. 

usually only at low dilutions of serum. Care was taken to exclude the possi- 
bility that  agglutination would be caused by properdin as defined by Pil- 
lemer, i.e., all mixtures were incubated at 0 to 2 ° and in the presence of 0.01 
M E D T A  (final concentration). Nonetheless, the agglutinating reactivity 
was found in fraction III1.2, 3 of the serum protein after treatment of a human 
serum by the Cohn method 10 (7). The agglutinating reactivity of several 
sera was unchanged after removal of C'  by  a heterologous antigen-Ab com- 
plex; i.e., BSA-anti BSA. In  addition to this evidence for Ab in normal sera, 
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ROBERT A. NELSON~ JR. 519 

Z has been shown to increase Ab levels when injected into rabbits  or guinea 

pigs. 

Experiment 083056.--A stock suspension of Z containing 10 rag. per ml. was washed 3 
times in 0.02 ~ EDTA and parallel 2-fold dilutions were made to ~ 2  in EDTA at 2 °. Dupli- 
cates of 0.5 ml. of each suspension were mixed with 1.0 ml. of cold undiluted serum from a 
rabbit injected 12 times each with 10 rag. Z. The rabbit serum had been "decomplemented" 
previously by treatment with a washed precipitate containing 2.2 mg. antibovine serum 
albumin N. Duplicates of I/1 and 1/2 Z without serum were included as controls. The mixtures 
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FIo. 2. Uptake of N by zymosan in quantitative agglutination with serum from a rabbit 
injected with zymosan. Tests for residual agglutinating activity in the supernatant serum are 
recorded for each mixture. 

were rotated (about 6 ~.P.g.) at 0 to 2 ° for 24 hours. Marked agglutination of Z occurred in 
all mixtures with serum. The mixtures were centrifuged and the supernatant fluids were tested 
for residual agglutinating activity by addition of 1.0 ml. containing 100 #g. of fresh Z. The 
deposited particles were washed 4 times and examined for N by a modified micro-Kjeldahl 
method using a fine capillary tip for titration with HC1. 

A plot of the N uptake is shown in Fig. 2 and a summary of N uptake and 
agglutination titers of sera from this rabbi t  and of other sera is shown in Table 
I. As yet no insight is available into possible dissociation of Ab from Z. There- 
fore the N values obtained to date are considered as representative of minimal  
Ab per milliliter of serum. On the other hand, it may  be that  other serum 
components containing N will combine with particulate substances such as 
zymosan granules under  the circumstance outlined herein. Nonetheless, it 
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520 ALTERNATIVE MECHANISM FOR PROPERDIN SYSTEM 

seems highly unlikely tha t  any  mater ia l  other  than  Ab would invoke the 
var ie ty  of immunological  phenomena as described in the present  s tudy.  

I I I .  Fixation of C'1.4 and of C'8 . - -Pa t te rned  upon the experiments of Levine 
and M a y e r  (8) an a t t e m p t  has been made to measure precisely the residual 
C'1, 4 after  t r ea tment  of guinea pig serum with Z only; with Z presensit ized 

TABLE I 
Agglutination Titration and Measurement of Antibody N Uptake by Quantitative Agglutina- 
tion Assays with Zymosan and Sera from Normal Human Beings and Animals. Increase 

of Antibody in Sera from Animals Injected with Zymosan 

Species of serum 

Human 
P.B. 

S.C. 

K.H. 

K.C. 

A.M. 

E.F. 

D.N. 

R.N. 

D.G. 

Agglutination 
titer 

per mr. serum 

8 

48 

128 

32 

48 

24 

16 

16 

32 

/zg, N* per 
ml. serum 

5.7 

14.0 

23.5 

7.7 

7.7 

11.0 

Species of serum 

Guinea pig 
Pool Y 080856 
Pool C 062256 
Pool C 011157 

No. T preinjection~: 
No. T postinjection:~ 

Rat 

Agglutins- /zg. N* per 
tion tl ter ml. serum 

per ml. 
serum 

6 2.7 
8 2.3 
4 4.5 

10 
250 

Pool C 062256 24 10.1 

Rabbit 

No. 2 preinjection~ 10 3.7 
No. 2 postinjection$ 250 110.0 
No. 3 preinjection~ 10 
No. 3 postinjection~ 250 

* Control preparations of 1.0 mg. of zymosan showed an average of .0177 rag. nitrogen: 
.0180 rag. (7/11/56); .0178 mg. (8/30); .0184 mg. (9/6); .0194 mg. (10/22); .0194 mg. (10/ 
31); and .0144 rag. (11/29). Blank spaces indicate that measurements were not done. 

Titration for agglutination performed with 5-fold dilutions of serum instead of usual 
2-fold dilutions. 

with Ab and washed; with the washed precipi ta te  of BSA-ant i  BSA; and,  
with D. pneumoniae, type  X I I I .  Certain theoretical  considerations have 
been modified in order to employ a reasonably simple technique applicable 
to the large number  of serum assays required in the present  investigation. 

I n  brief, the assay consisted of two stages. Firs t ,  in order to form the com- 
plex EAC'I ,  4 a suspension of sensitized sheep erythrocytes  (EA)* was exposed 
a t  0 ° for 4 hours to dilutions of the serum under  examination.  Then,  to each 

4 EA, suspension of sheep erythrocytes sensitized with rabbit amboceptor. 
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ROBERT A. NELSON~ JR. 521 

tube was added diluted C 'y  (hereafter referred to as C'~,, for clarity) reagent 

and lysis was allowed to proceed at 37 °. The C'~,, reagent was prepared as 
in reference 8 in except tha t  only one absorption with bovine a lbumin-an t i -  
a lbumin containing 4A rag. Ab N was necessary to remove all hemolytic 
activity. The resul tant  ~ 0  dilution of C'~,3 reagent was preserved at  - 3 5  °. 

I n  preliminary assays with EAC'I,  4, 0.5 ml. of this reagent produced 79.2 
per cent lysis when diluted ~ 6 0 .  In  the present assays 0.5 ml. of a ~ 0  dilution 
was used to provide a large excess. 

Provisional Method.--Dilutions of the serum were made at 0 ° in verona/buffer containing 
0.1 per cent crystalline bovine serum albumin (SAVB 5) and 0.00015 M Ca ++, but no Mg++. 
Sheep erythrocytes were sensitized with rabbit amboceptor 6 in SAVB-Ca++ and standardized 
with the Beckman DU spectrophotometer so that 1.0 ml. diluted to 15 ml. with water resulted 
in an optical density (O.D.) of 0.340 at 414 m/t. Mixtures containing 1.0 ml. of serum dilution 
and 1.0 ml. of EA were shaken by hand intermittently during 4 hrs. at 0% At that time, the 
stock ~o  dilution of C%, s reagent in SAVB-Ca ++ was diluted ~ in SAV'B-Ca ++ containing 
0.005 u Mg ++, and warmed to 37 °. 0.5 ml. of ~ C's, s was added to each of the 2.0 ml. of EA- 
serum mixtures and to controls containing EA only to yield a final 0.0005 M Mg ++, and brought 
to 37 ° as rapidly as possible. Each was shaken frequently for 60 minutes at 37 °. 5.0 ml. of 
cold saline was added to each and the mixtures centrifuged. The degree of lysis was deter- 
mined by analysis of the supernatant fluids for oxyhemoglobin at 414 mg. In all assays the 
units of C'1,4 represent the reciprocal of the serum dilution producing 50 per cent lysis of EA 
in the presence of "excess" C's, a reagent. 

Two separate assays were required for most measurements.  A pre]imluary 

experiment with 2-fold dilutions of serum served to locate the range of hemol- 
ysis, bu t  as a rule only one dilution produced lysis between 10 and 90 per cent. 
A second assay was performed with smaller dilutions made by  the parallel 
technique, to locate precisely the dilution yielding 50 per cent lysis. With  
the high dilutions of serum giving C'1.4 activity, it  has been found that  total 
reactivity with EA was not  always complete even after 4 hours at  0 °. There- 

fore the erythrocytes were not  washed before addition of the C'~, 8 reagent. 
The depressing effect of low temperature on the rate of combination of C'1.4 
confirms the results in (9) and would seem pert inent  in theoretical considera- 
t ion of the optimal temperature of 16 ° for the formation of the so called Z. P 

complex. 

lZ.xperiment 081556 and 081856.--Two essentially similar experiments were performed. 3 
rag. of washed Z were mixed for 2 hours at 2 ° with 1.5 ml. of decomplemented rabbit immune 
serum, diluted ~ in 0.01 x¢ EDTA. The rabbit serum was estimated to contain 33 ug. Ab N. 

Reaction of guinea pig serum with Z and with Z Ab: 2 samples of 1.5 ml. each of fresh 
serum were mixed respectively with 3 rag. of washed Z and with 3 rag. of washed Z.Ab for 
17 hours at 2 °. A third sample of 1.5 ml. of serum has handled similarly as a non-treated con- 

s SAVB, veronal buffer containing 0.1 per cent crystalline bovine serum albumin. 
6 The rabbit antiserum was supplied by Dr. H. J. Rapp of Johns Hopkins University and 

was used at a dilution calculated to yield about 1,000 antibody molecules per erythrocyte. 
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522 ALTERNATIVE MECHANISM FOR PROPER.DIN SYSTEM" 

trol. In experiment 081856 a fourth sample of the guinea pig serum was included as another 
untreated control. The three sera were centrifuged twice to remove Z and then were tested for 
residual Cq, 4 using 2-fold dilutions of serum in the first experiment and varying volumes of a 
dilution of each serum in the second. Although the variation in volume in the latter interfered 
with the accuracy of the measurement in that all points in the plot of C' concentration against 
lysis did not fall on a straight line, the results were clear regarding the relative reactivity of 
the 3 serum samples. The results of both experiments are included in Table II. 

TABLE II  
Measurements of Residual C'1, 4 in 1.5 Ml. of Guinea Pig Serum Absorbed 17 

Hours at 2 ° with 3 Mg. of Zymosan and with 3 Mg. of Zymosan 
Presensitized with Rabbit Immune Serum* 

Experiment 081556 

Guinea pig serum pool 080856~ 

Units Units lost Per cent 
per ml. loss 

Unabsorbed control ............. 2460 
~ t  c¢ . . . . . . . . . . . . .  

Absorbed with zymosan . . . . . . . . .  1940 21.2 
" " zymosan-anti- 

zymosan complex . . . . . . . . . . . . .  904 63.1 

Experiment 081856 

Residual C't , .  Residual C't . .  

Units Units lost per mi. 

2140 
2140 
1540 

750 

U I  st  

600 

1390 

m 

520 

1556 

Per cent 
loss 

28.0 

64.9 

* The rabbit immune serum was "decomplemented" by treatment for 48 hours at 2°C. 
with a washed precipitate consisting of 0.08 rag. bovine serum albumin nitrogen and 0.58 
rag. antibovine albumin nitrogen. For formation of the Z-Ab complex 1.5 ml. of a ~ dilu- 
tion of decomplemented serum was mixed with 3 mg. of Z at 0 ° in 0.01 g EDTA. This dilu- 
tion contained 33 pg. Ab N. 

:~ Subsequent experiments were interpreted to mean that this pool of normal guinea pig 
serum contained between 2 and 3 ~ag. of antibody N per ml. which was capable of combin- 
ing with zymosan particles in the presence of EDTA. 

During incubation of the mixtures of Z with pooled guinea pig sera there 
were losses of 520 and 600 units  of C'1.4. With  the present  t i t rat ion technique 
this is significant. Despite the large number  of units  lost, i t  is to be noted that  

these represent only 21 and 28 per cent of the total units  in untreated serum. 
In  similar experiments not  shown, the fixation of C'1.4 in both human  and 
guinea pig sera by Z was inhibited by 0.004 M EDTA.  In  experiments 
described below it will be seen that  the fixation of between 200 and 600 units  
of C'1.4 is accompanied by  a loss of 49 to 100 per cent of C'3. This evidence 
would serve to support our original contention that  the fixation of C'1.4 and 
C's may a t ta in  a ratio approaching un i ty  when experimental conditions are 
adjusted to facilitate fixation of C'3, in particular with limited Ab in a reac- 
t ion of antigen with concentrated serum at  temperatures near 37 ° . 

Employing the method of Rapp (10), measurements of residual C's have 
been made after t reatment  of guinea pig serum with Z, with D. pneumonia~, 

and with the washed precipitate of BSA-anti  BSA. 
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ROBERT A. NELSON, JR. 523 

Method.--(a) The complex EAC'I, 4, 2 was formed at 0 ° by mixing for exactly 20 minutes 
2.0 ml. of whole guinea pig serum, as C', with 10.0 ml. of EA standardized to yield an O.D. 
of 0.680 at 541 m#. The treated erythrocytes were washed once and incubated for 4 hours at 
0 ° to permit lysis of any cells which fixed all C' components, but to retard by the low tempera- 
ture, in so far as possible, the decay of EAC't, 4, 2 to an "inactive" complex. The erythrocytes 
were washed in SAVB, without divalent cations, were resuspended to 8 times original volume 
in SAVB containing 0.0005 M EDTA, and were restandardized spectrophotometrically to 
yield an O.D. of 0.680 at 414 m~. 

(b) 0.5 ml. of cold EAC'I. 4, ~ was pipetted into two samples of 1.5 ml. of guinea pig serum 
(unabsorbed control and absorbed test samples) diluted in cold 0.0005 ~ EDTA but pre- 
warmed to 37 ° just before addition of EAC'I, 4, 2. The mixtures were shaken by hand for 60 
minutes at 37 °, and then brought to 7.5 ml. with cold saline. The supematant fluids were 
assayed for oxyhemogiobin spectrophotometrically at 414 nya. C'3 units were expressed as the 
reciprocal of the dilution of serum giving 50 per cent lysis of EAC'I, 4, 2. 

F rom the foregoing experiments i t  was clear tha t  Z would fix about  500 to 
600 units  of C'I, 4 while fixing about  100 to 150 units of C'a when mixed with 
fresh guinea pig serum. However,  as numerical ly the C'1.4 units in guinea 
pig serum were about  15 to 20 t imes the number  of C's units,  the percentage 
loss of C'1, 4 was low. As i t  was well known tha t  essential ly all the C'L 4 could 
be removed from guinea pig serum with classical an t igen-ant ibody complexes 
containing large amounts  of Ab, i t  was deemed of prime importance to meas-  
ure the relat ive quanti t ies  of C'~, 4 and C' ,  fixed when the Ab was present  in 
small amounts  more comparable  to the pos tu la ted  levels in normal  sera which 
react  with Z. 

Experiment 011657.--0.5 ml. of a 5 per cent suspension of washed D. pneumonia¢ type 
XIII, was centrifuged in each of 5 tubes. To the packed deposits and to a control without 
pneumococci was added 1.0 ml. of fresh guinea pig serum which had been absorbed once with 
pneumococci for 30 minutes at 0 ° to reduce natural Ab. After thorough mixing, 0.5 ml. of 
dilutions in SAVB ++ of a rabbit anti-pneumococcal serum containing 2.6 nag. of Ab N per ml. 
was added as foUows: (a) ~ dilution containing 260 #g. Ab N; (b) ~0  dilution containing 26 
#g. Ab N; (c) ~o0 dilution containing 2.6 #g. Ab N; (d) no antiserum added, i.e., a control 
with pneumococci only; (~) neither antiserum nor pneumococci added, i.e., a control for C' 
titration. After frequent mixing for 60 minutes at 37 °, the tubes were cooled to 0 ° and the 
pneumococci removed by 2 centrifugations. The residual titers of C'I, 4 and of C'3 were deter- 
mined as described above. 

The  residual C'1.4 and C'3 t i ters from 5 mixtures are listed in Table  I I I .  
Despi te  the absorpt ion of the guinea pig serum with pneumococci,  there re- 
mained enough sensitizing substance to remove 240 C ' t , ,  units, i.e., about  
8.6 per  cent, from the serum exposed to pneumococci alone for 60 minutes  
a t  37 °. A t  the same time, the react ion with pneumococci which resulted in a 
loss of 240 units  of C'1. ,  also resulted in a loss of 94 units of C',,  i.e., about  
87 per cent. Only traces of C'3 remained in the sample containing extra  r abb i t  
pneumococcal Ab. Thus,  the rat io of fixation of C'L 4 and C'3 by  the pneu- 
mococcus was remarkab ly  similar to tha t  produced by  Z. The  removal  of 
properdin by  certain pneumococci has been described (2), al though it  was 
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s ta ted  tha t  inact ivat ion of other components  of C'  occurred. The  present  
results would suggest tha t  with serum containing small  amounts  of what  is 
presumed to be na tura l  Ab, fixation of C'  components  is essential ly the same 
with Z and with pneumococci.  Wi th  serum containing more than  20 #g. of 
na tura l  Ab N to whatever  antigen might  be employed,  i t  would be ant ic ipated 
tha t  modera te  to marked  depletion of C'~, 4 would occur. 

I n  order to invest igate fur ther  the premise tha t  l imited Ab was responsible 
for the apparen t  preferential  fixation of C'a and to avoid the problem of na tura l  
an t ibody  in the guinea pig C', experiments were performed with washed 
specific precipi ta tes  formed a t  equivalence and di luted to contain small 

TABLE I I I  

Measurements of C'1, 4 a?l(~ C'3 in Guinea Pig Serum Treated with D. pneumoniae, 
Type X I l l ,  for 60 Minutes at 37 ° 

Guinea pig serum pool 011157 

Unabsorbed control . . . . . . . . . . . .  
Absorbed with pneumococci . . . .  
Absorbed with pneumococci and 

rabbit anti-serum 
0.26/zg. Ab N . . . . . . . . . . . .  
2.6 " " " . . . . . . . . . . . .  

26.0 " " " . . . . . . . . . . . .  
260.0 " " " .  . . . . . . . . . . .  

Residual C% 4 

Units 
per ml. 

2790 
2550 

2330 
2220 
1050 

0 

Units lost 

240 

460 
570 

1740 
2790 

Per cent 
loss 

8.6 

16.5 
20.4 
62.4 

100 

Units 
per ml. 

108 
12 

Residual C't* 

Units lost 

94 

100 
100 
103 
105 

Per cent 
loss 

87 

92.5 
92.5 
95.4 
97.4 

* Titers of less than i0 were calculated on the basis of lysis produced by 1.0 ml. of a No 
dilution of serum. 

amounts  of Ab N.  Although i t  was recognized tha t  fixation of C'  m a y  be 
less efficient per  uni t  of an t ibody  when C'  is mixed with the  washed precip- 
i ta te  ra ther  than  when C'  is present  during the formation of the ant igen-Ab 
complex, the results were considered mainly  for the rat io  of fixation of C'1, 4 
to C'8 for any given amount  of precipi ta te  ra ther  than  for the amounts  of 

components  fixed per  #g. of Ab  N.  

Experiments 090156 and 012557.--An immune precipitate containing 4.40 mg. anti-BSA 
was prepared during 48 hours at 2 ° in the presence of 0.01 g EDTA. The precipitate was 
washed and diluted to contain 440, 44, and 4.4/zg. per ml. 0.5 ml. of each was pipetted into 6 
ml. tubes and deposited during centrifugation at 20,000 ~.r.u. for 20 minutes. 1 ml. of fresh 
guinea pig serum was added to each precipitate and to a control tube without precipitate, and 
mixed for 60 minutes at 37 °. The precipitates were removed by centrifugation and the super- 
natant fluids were assayed for residual C'1, 4 and C'3 as outlined above. 

Resul ts  from 2 pre l iminary  trials with BSA-ant i  BSA are summarized 
in Table  IV. Although some variat ions occurred in the 2 experiments,  which 

D
ow

nloaded from
 http://jem

.rupress.org/jem
/article-pdf/108/4/515/1646246/515.pdf by guest on 23 April 2024



ROBERT A. NELSON~ JR. 525 

were performed 4 months apart, results were similar to those obtained with 
Z and with pneumococci. While the percentage loss of C'a was significantly 
higher than the percentage loss of C'1.4, the loss of reactivity units of Cq. 4 
was 3 to 8 times the loss of C'8. 

IV. The Intermediate Complex Z.Ab.C'x, 4,~.-- An integral part of the 
alternative hypothesis presented herein concerns the formation of a complex 
Z-Ab. C'1, ~, ~ and the reactivity of this complex with C', in the absence of 
Ca ++ and/or Mg ~ .  Conditions for formation of a similar complex with the 

TABLE IV 

Measurements of C'1.4 and C% in Guinea Pig Serum Treated with Varying Quantities 
of a Washed Precipitate of Bovine Serum Albumin and Rabbit Antiserum 

k, uinca pig se~tm 

Unabsorbed control 011157*. 
~bsorbed with precipitate 

2.2 #g. Ab N. 
22 " " " 

220 " " " 

Unabsorbed control 080856~. 
~bsorbed with precipitate 

10 #g .  Ab N .  
20 " " " 
4 0  ~ ~ ~ 

Units 
per ml. 

2250 

2350 
2050 

84 

1630 

1620 
1280 
990 

Residual C'1, t 

Units lost Per cent 
loss 

+100 + 4 . 4  
200 8.9 

2166 96.2 

10 0.6 
350 21.4 
640 39.2 

Units 
per ml. 

120 

110 
58 

2 

103 

64 
53 
27 

Residual C's 

Units  lost 

10 
62 

118 

39 
50 
76 

Per cent 
loss 

8.3 
51.7 
98.2 

37.6 
48.6 
73.8 

* In Experiment 012557, the precipitates reacted with serum for 60 minutes at 37 °. 
~: In Experiment 090156, residual Ctl,4 was measured after reaction for 17 hours at 2 °, 

and residual C'3 was measured after 60 minutes at 37 °. 

classical sheep hemolytic system have been described (9). Preliminary experi- 
ments have been performed with Z and with pooled fresh guinea pig serum 
which indicate that a complex will form in less than 30 minutes at 0 ° in the 
presence of Ca++ and Mg ++ which, when washed and mixed at 37 ° with guinea 
pig serum containing EDTA, will remove C'3 to about the same extent as 
control mixtures containing Z and guinea pig serum with Ca -~ and Mg ~-. 

Experiment 011257.--Five suspensions were prepared each containing 5 rag. of Z in 5 mh 
SAVB ++. Step 1 : At 0 °, 5 ml. of a fresh pool of guinea pig serum were added to each of four 
suspensions of Z for varying times, i.e., 180, 120, 60, and 30 minutes, respectively. No serum 
was added to the fifth suspension. All preparations were centrifuged at 0 ° and washed 3 times 
in cold, "passed" SAVB. Step 2:1.5 ml. of prewarmed, pooled guinea pig serum (as C'3) con- 
taining 0.005 M EDTA was added to each of the 5 cold deposits of Z granules and to a control 
tube without Z. The mixtures were incubated for 60 minutes at 37 ° and then cooled to 0 °. 
The Z was removed by centrifugation. Step 3: The supernatant sera were diluted in cold 
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526 ALTERNATIVE MECHANISM FOR PROPERDIN SYSTEM 

SAVB- containing 0.0005 M E D T A  and were t i t rated for residual C'a as outlined above with 
EAC'I ,  4, 3. 

At  step 2, two additional controls were included to show the expected react ivi ty of Z with 
C'3 in fresh guinea pig serum in the  presence of Ca ++ and /o r  Mg  ++ as described by PiUemer 
(1). 1.5 ml. of guinea pig serum (no EDTA)  was added to 5 rag. of Z and to a control tube 
wi thout  Z, and incubated at  37 ° for 60 minutes .  Both  were subsequent ly  handled as outlined 
in step 3. 

T A B L E  V 

Residual C'a after Reaction of Guinea Pig Serum with Zymosan Compared with Residual Cla 
after Reaction of Guinea Pig Serum in the Presence of EDTA (C'3) with Zymosan and with 

Washed Zymosan Pretreated at O°C. to Form the Theoretical Complex Z.Ab.C'x,  4, 2 

I. Controls--Gulnea pig serum with Ca ++ and M g  ++ reacted with zymosan 

Residual C's 
Guinea pig serum at 37 ° 60 rain. 

Units  per ml. Units lost Per cent loss 

Zymosan  . . . . . . . . . . . . . . . . . . . . . . . .  < 2  > 9 8  > 9 8  
Control--no zymosan ............ 83 -- -- 

II. Guinea pig serum as C't with EDTA, reacted with treated zymosans 

Residual C's Pretreatment of Z with gufinea pig 
serum to form Z.Ab.C t, *, t 

0 ° 30 rain . . . . . . . . . . . . . . . . . . . . . .  
0 ° 60 " . . . . . . . . . . . . . . . . . . . . .  
0 ° 120 " . . . . . . . . . . . . . . . . . . . . .  
0 ° 180 " . . . . . . . . . . . . . . . . . . . . .  
Z control, no pre t rea tment  . . . . . . . .  
CI8 control, no zymosan  . . . . . . . . . .  

Units  per ml. 

10 
< 3  
< 3  
< 3  
96 

100 

Units lost 

90 
> 9 7  
> 9 7  
> 9 7  

4 

Per cent loss 

90.0  
> 9 7  
> 9 7  
> 9 7  

4 .0  

The residual C'3 reactivities with EAC't, 4, ~ are shown in Table V. As ex- 
pected in the control mixture, 5 mg. of Z removed 98 per cent of the C'8 reac- 
tivity from fresh guinea pig serum. Only 4.0 per cent of C's reactivity was 
removed by Z when EDTA was present in the guinea pig serum. In striking 
contrast to the failure of Z to react with C'8 in the presence of EDTA, all 
samples of Z pretreated with serum at 0 ° and then washed, removed 90 per 
cent or more of C'a reactivity. 

The ability of Z to form a complex at 0 ° which will react with C's in the 
absence of Mg ++ and Ca ++ is remarkably similar to the formation of EAC'I. 4, 
and its reactivity with C'a as in the sheep erythrocyte hemolytic system. Since 
preceding experiments indicate a loss of C'1, 4 when Z reacts with guinea pig 
serum at 0 ° (Table II) the present experiment is suggestive that C'~ also is 
fixed in the classical fashion. 

The complex presumed to be Z.Ab.  C'1, 4, 2 differs from the usual definition 
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of Z . P  in two ways: 1, it is formed at 0 °, while Z . P  is usually prepared at 
15 to 17°; and 2, it will inactivate C'3 in the absence of Mg ++, while Z . P  re- 
quires Mg  ++ for reaction with C"8. However, it is known with the sheep cell 
system that  the complex EAC'x, ,, z is unstable and it has been found that  
a loss of reactivity with C'8 occurs rapidly at  temperatures significantly above 
above 0 ° (5). A portion of complexes at  sites on the erythrocytes, however, 
progress only to the stage EAC'~. ,  during the 20 minute interval ordinarily 
employed for formation of EAC'I .  4. 2 and it has been shown that  these sites 
will accept C'~ in the presence of Mg ++ and will then fix C'8 with subsequent 
lysis. 

Since Z . P  is formed at 15 to 17 °, it might be expected also that  a portion 
of the sites (S) S-Ab.  C'I, , . ,  on the zymosan granule would, under certain 
circumstances, "decay"  before contact  with, and inactivation of C'8 in the 
two step properdin assay. However, in the assay technique for the reaction 
of Z. P with C'3 as employed by  Pillemer it is to be noted that  both additional 
C'~. ,, and additional C'~ are available in the reagent termed R.  P and there- 
fore would be available for the conversion of S .Ab to S . A b . C ' I . ,  to 
S .Ab.  C'1, ,, 2 and of S .Ab.  C'1, 4 to S .Ab.  C'1.4,, provided M g  ++ were avail- 
able. The experiments cited below were designed to determine the stability 
of the intermediate complex by  quantitative measurements of reactivity 
with C'3. 

Experiment 011457 ,et seq.--Inifial experiments were performed to detect 
"decay"  of the presumed complex Z .Ab.C ' ] ,4 .2  formed as just described. 
Complexes formed at 0 ° for 60 minutes by admixture of 5 mg. of Z with 5 nil. 
of guinea pig serum retained their ability to deplete more than 96 per cent of 
C'8 in 1 ml. of guinea pig serum in the presence of E D T A  even after incuba- 
tion for 60 minutes at  37 ° . This indicated either that  decay of the complex 
did not occur or that  there was a great excess of sites on the Z granules in the 
state, S. Ab. C'1. ~, 5, and that  decay still left a number adequate to reach with 
C'~ in 1 ml. of serum. 

Formation of the Complex in a Later Trial.--9 suspensions each containing 3 rag. of Z were 
prepared in SAVB ++. Similarly to step I in the preceding experiment, 4 of these were each mixed 
with 4 ml. of fresh guinea pig serum, 4 others with 2 ml. of serum, and 1 with SAVB only as a 
control After exactly 30 minutes at 0 °, all preparations were washed twice at 0 ° and deposited 
by centrifugation. To one sample of deposited granules treated with 4 ml. of serum, to one 
treated with 2 ml. of serum, and to the untreated control, was added 1.5 ml. of prewarmed 
guinea pig serum (as C'3) diluted ~ to contain 0.005 g EDTA. These mixtures were incubated 
for 75 minutes at 37 ° and the supernatant serum separated and preserved as above in step 2. 

"Decay".--The remaining 6 batches of Z granules were suspended in about 2 ml. of SAVB ++ 
and incubated as outlined in Table VI. One sample pretreated with 4 ml. of serum was matched 
with one pretreated with 2 ml. The 3 pairs were incubated at 37 ° for 30, 60, and 90 minutes, 
respectively. Afterwards, the granules were diluted with 10 ml. of ice cold 0.005 M EDTA and 
then deposited by centrifugation at 0 °. 1.5 ml. of prewarmed guinea pig C'3 containing 0.005 
u EDTA was added to each deposit and to a control tube without Z. After 75 minutes at 37 ° 
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528 ALTERNATIVE MECHANISM FOR PROPERDIN SYSTEM 

the 7 samples were centrifuged twice at 0 ° and the supernatant sera were preserved for meas- 
urement of residual C'3. 

Residual Ca . - -The  10 supernatant  sera were diluted in SAVB containing 0.005 u EDTA 
and t i trated for C'3 by admixture with EAC't ,  4, 2 for 90 minutes at  37 °. For the preparation 
of EAC'I ,  4, ~ in this experiment a modified procedure was followed. Recently, Rapp (11) 
described a method based on the observations of Da Costa Cruz and De Azevedo Penna in 
which whole serum is treated with dilute formaldehyde. The formalinized C' is reacted with 
EA to give complexes presumed to be EAC't ,  4, 2 and which show a marked sensitivity to C'  
containing EDTA; i.e., C'3. In  brief, the method consisted of the following: 3 ml. of guinea pig 
serum was incubated at 37 ° for exactly 40 minutes with 0.45 ml. of formaldehyde diluted ~ 0  

TABLE VI 

Instability of the Theoretical Complex Z.Ab.  C'I. 4.3. Assay for Residual C' 3 after 
Reaction of Guinea Pig Serum Containing EDTA (C'3) with Treated Zyraosans 

Preteatment of Z with guinea pig 
serum to form Z .Ab.Cq, ,, 2 

Z control, no pretreatment  . . . . .  

0 ° 30 min. 2 ml . . . . . . . . . . . . . . .  

t t  t t  I t  t¢ 

t~ t t  t t  t t  

0 ° 30 rain. 4 ml . . . . . . . . . . . . . . .  

C% control--no zymosan . . . . . .  

"Decay" at 37* of 
treated Z 

None 

None 
30 rain. 
6 0  " 

90 " 

None 
30 rain. 
6 0  " 

90 " 

Units permL 

433 

280 
372 
428 
433 

207 
391 
413 
394 

414 

Residual C't 

Units lost 

161 
69 
13 

8 

234 
50 
28 
47 

Per cent lost 

1.8 

36.5 
15.6 
2.9 
1.8 

53.1 
11.3 
6.3 

10.6 

in saline. 12 ml. of EA, standardized spectrophotometrically to an O.D. of 0.680 at  541 mg 
was next incubated with 2.4 ml. of the formalinized serum for 45 minutes at 30 ° in order to 
form the presumed complex EACq,  4, 2. The cells then were washed at 0 ° and diluted in SAVB 
with 0.005 u EDTA to yield an O.D. of 0.680 at  414 In#. The diluted and prewarmed super- 
natant  sera above were mixed with 0.S ml. of ice-cold EAC'I,  4, 2 and incubated for 90 minutes 
at  37 °. M t e r  dilution with 5.0 ml. of cold SAVB with EDTA, the mixtures were centrifuged 
and the degree of lysis calculated from spectrophotometric assays at 414 In# for oxyhemoglobin 
in the supernatant fluids. I t  should be noted that  t reatment  of EA with formalinized C'  results 
in a complex which shows significantly greater sensitivity to C'3 than EAC'I,  4, ~ formed at  0 ° 
for 20 minutes; e.g. compare C'8 titers in untreated serum in Table VI with those in Tables 
IV and V. 

The results in Table VI demonstrate the predicted decline in reactivity 
with Cq of the Z complexes after incubation at 37 °. While these results are 
admittedly crude from the standpoint of precisely estimating the rate of 
decay, they show about a 57 per cent loss of reactivity with Cq of the com- 
plex formed with 2 ml. of C' after "decay" of only 30 minutes, and a loss of 
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about 79 per cent of reactivity of the complex formed with 4 ml. of C'  after 
a similar period of "decay."  

Thus, this evidence for the formation of a complex Z .Ab .  C'1, 4. 2 and for 
the decreased reactivity with C'8 of this complex after incubation at 37 °, 
presumably due to "decay"  of sites in the state S .Ab.C ' I ,  4, 2 emphasizes 
the similarities of Z reacting with C'a in normal serum and the classical reac- 
tion of antigen-antibody complexes reacting with C'  as exemplified by the 
immune hemolytic system. Further, and as predicted by the theory outlined 
initially, the requirement for Mg ++ both in the formation of the Z-P  complex 
and in the subsequent reaction of the Z . P  complex with C',  may  be inter- 
preted as a requirement for the reactivity of C'~ in the initial stage and for 
additional C'2 to react with sites still in the state S .Ab.  C'I, 4 for the subse- 
quent reaction with C'3. The second requirement for Mg ++ would thus reflect 
varying degrees of "decay"  of C'2 sensitized sites on the Z granules. 

V. Initial Experiments with Properdin.--Purified properdin (pool F) was 
kindly donated by Dr. L. Pillemer. Since this material was subjected to rather 
extensive purification procedures, it was quite impossible to anticipate its 
nature when considered in terms of the alternative hypothesis above that  
the Z . P  complex represents Z.Ab,  Z-Ab.C~I, 4 and Z .Ab .C ' I ,  ,,2. Three 
assays were employed: (a) the uptake of N by  Z; (b) the agglutination of Z 
in the presence of E D T A ;  and, (c) the fxafion of C'1,, by  Z mixed with human 
and guinea pig serum. 

Experiment 040257.--A preliminary assay showed that agglutination of 200/zg. of Z gran- 
ules occurred in the presence of 0.01 ~ EDTA at dilutions stated to be equivalent to 2.5 units 
of properdin. Zymosan (lot 6]3 382) was washed thoroughly in saline and portions containing 
200 #g. were pipetted into each of 30 tubes. These were centrifuged and resuspended in groups 
of 5 tubes each at pH 5.6, 6.1, 6.4, 7.0, 7.3, and 7.5. A solution of properdin containing 5 units 
per 0.5 ml. in saline was diluted to contain 2.5, 1.25, and 0.625 'units per 0.5 ml. For each series 
of dilutions and for each pH a control sample of Z without properdin was included. The 6 sets 
of mixtures were mixed and incubated overnight at 0 °. 

Macroscopic agglutination occurred similarly in each series; it was easily 
observed with 5 and 2.5 units, and detectable at 1.25 units. The results were 
confirmed by darkfield microscopy in which a moderate amount  of agglutina- 
tion was discernible in the mixtures containing 1.25 units of properdin. Thus, 
a conservative estimate of 2.5 units giving agglutination may  be compared 
with the 1.0 unit giving fixation of Ct8 as defined by Pillemer. 

Experiment 040457.--A solution of properdin containing 20 units per ml. in V-B was "stabi- 
lized" at 0 ° for 60 minutes and then centrifuged at 10,000 R.P.M. for another hour at 0 °. The 
clear supernatant fluid was removed for assay. One ml. aliquots were mixed in triplicate at 
0 ° with 1 mg. portions of thoroughly washed Z in VB. Three samples of Z only, and two of 
properdin only, and the three reaction mixtures were rotated slowly overnight at 2 °. All 
tubes were washed with saline by 4 centrifugations for 60 minutes at 0 ° and the deposits 
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transferred to digestion flasks. After overnight digestion, the usual micro Kjeldahl technique 
was employed for estimation of N. 

An increase of approximately 5 #g. of N was noted in the Z preparations 
treated with 20 units of properdin. An average of 0.0244 rag. N (0.0226, 0.0242, 
0.0264 mg.) occurred with Z mixed with properdin, while 0.0026 rag. was de- 
tected in both samples with properdin only, and an average of 0.0171 rag. 
(0.0160, 0.0190, 0.0164) was detected with Z only. These results are inter- 
preted to mean that  1 unit of properdin is equivalent to about 0.2,5 #g. of N 
capable of combining with Z. I t  should be emphasized that  this combination 
occurred in the absence of C' and that  additional cross-reacting Ab N may 
be present in properdin but fail to combine under these experimental limita- 
tions. 

Experiments 011957 and 012457.--Preliminary measurements of fixation 
of C'1, 4 by Z were performed with human serum PB estimated to contain 
about 6 #g. Ab per ml. and with pooled guinea pig serum 011157 estimated 
estimated to contain about 5 #g. Ab N per ml. (see Table I.). During reaction 
of 2 rag. of Z with 2 ml. of PB serum there was a loss of only 7.35 per cent 
of C'x. 4 during overnight incubation at 0 °. On the other hand, similar reac- 
tions were prepared with 1.5 ml. of guinea pig serum mixed with 5 rag. Z 
and with 5 nag. Z pretreated with 50 units of properdin and then thoroughly 
washed. Mter overnight incubation, the untreated serum was found to con- 
tain 1880 units of C'1, 4. There was a loss of 18.1 per cent of C'I, 4 in the serum 
treated with Z only, i.e., a residual 1540 units; and a loss of 24.5 per cent of 
C'I. 4 in the serum treated with the presumed Z. P complex, i.e., a residuum 
of 1420. 

Experiment 041357.--The preceding experiments were repeated in certain respects with 
human serum PB and guinea pig serum 011157. Four reaction mixtures were set up with 1.5 
ml. of each serum mixed at 37 ° for 90 minutes with the following: (a) SAVB only; (b) 3 rag. 
Z only; (c) 50 units properdin only; and, (d) 3 rag. Z and 50 units properdin. The residual 
C'x, 4 was measured with guinea pig C'2, ~ reagent as outlined above. 

With the C'1, 4 in guinea pig serum incubated with SAVB only as a standard 
the following depletions of Crl, 4 occurred: with properdin, 0.35 per cent; 
with Z alone, 18.2 per cent; with Z plus properdin 25.0 per cent. These results 
were almost identical with those of Experiment 012457 outlined above. With 
human serum PB there was a decrease in residual C'1, 4 reactivity of 8.7 per 
cent in the serum mixed with Z alone and a decrease of 23.4 per 
cent in the serum mixed with Z plus properdin. 

These results are interpreted to mean that enhanced depletion of C'1.4 
occurs in the presence of human properdin in both human and guinea pig 
serum when treated with Z. Extreme caution must be employed in the esti- 
mation of quantitative aspects of these data since unknown amounts of C'L 4 
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in an unknown state of reactivity might be expected in purified properdin 
as interpreted by the alternative hypothesis outlined above despite the fact 
that no C'~, 4 reactivity could be detected in an assay with EA and guinea 
pig C'2.3 reagent. Nonetheless, it is perhaps striking that 50 units of properdin, 
estimated to contain about 12 /~g. N, enhanced fixation of approximately 
230 units of C'~, 4 with human serum while Z alone reacting with the same 
serum, estimated to contain 6 gg. N, fixed about 140 units of C'~, 4 .This paral- 
lelism failed to be evident with guinea pig serum. Z alone reacting with this 
serum, estimated to contain 5 gg. N, fixed 340 units, while the human 
properdin enhanced fixation to 460-470 units. No explanation for the dis- 
crepancy is immediately apparent. 

DISCUSSION 

Experiments with zymosan particles suggest that most sera from normal 
individuals contain antibody which is capable of sensitizing zymosan to react 
in immune adherence, immune aggregation, and complement-fixation. Meas- 
urements of nitrogen uptake at 0 ° in the presence of EDTA indicate antibody 
in variable but often small quantities. 

In view of the existence of this Ab in normal serum used as a source of C', 
the hypothesis has been offered that the properties ascribed to properdi~ 
may be explained on the basis of the classical concept of Ab acting in conjunc- 
tion with certain components of C'. Thus it is possible to explain the chief 
characteristics of the properdin system without invoking the concept of a 
new discrete entity. The evidence here presented suggests that the complex 
of properdin with zymosan represents a mixture of Z-Ab, Z-Ab. C'1, 4, and 
Z. Ab. C'1, 4, 5. The proportion of sites on the Z granule with any of the three 
complexes would be expected to be dependent upon the time and temperature 
employed for the interaction of Z with fresh serum and upon the well recog- 
nized innate affinity of the Ab in any particular sample of serum for the species 
of C' employed. Ancillary evidence to support this concept has come from 
assays which are interpreted to mean that purified properdin contains Ab. 
In the presence of EDTA and at 0 ° properdin agglutinated Z granules. Meas- 
urements of N uptake by Z indicated that 0.25 ~tg. N were contributed by 
solutions stated to contain 1 unit of properdin. Also, addition of purified 
properdin to mixtures of Z with guinea pig or human sera resulted in increased 
fixation of C'x, 4. 

The supposedly preferential reactivity of zymosan with C'3 (1, 2), upon which 
the concept of properdin was based, is rendered dubious when quantitative measure- 
ments of C'1, 4 are performed as outlined herein. Significant fixation of C'1, 4 occurred 
when guinea pig or human sera were treated with Z. With levels of Ab N ranging 
from 2 to 40 ttg., about the same numbers of reactive units of C',. 4 and of C's units 
were fixed at 37 ° by zymosan, by D. lmeumoniae, and by washed specific precipitates 
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of bovine albumin-anti-albumin. However, the C~. 4 in untreated serum was effective 
at approximately 20 times the dilution showing Ct3 reactivity. We are left with the 
conclusion that it is this marked dissimilarity in reactive titer and the subsequent 
expression of fixation of components in terms of percentage rather than reactive units 
which led to the concept of an apparent preferential inactivation of C~ by zymosan 
and other substances grouped in the properdin system. The evidence that small 
amounts of antigen-antibody complex will fix significant amounts of C~ stands in 
contrast with the classical concept that C~8 is not fixed in complement fixation re- 
actions. Data to support the lack of fixation of C~3 were obtained with dilute reaction 
systems in which the concentration of Ct8 was low. The present assays, as well as 
those employed in the properdin system, differed radically in that essentially undi- 
luted complement was used. On the basis of the theory developed by Rapp (10) and 
from an analysis of the reactivity of C~ as outlined by Mayer (14), it might have been 
predicted that demonstrable fixation of C~ would have occurred in the present assays 
performed at 37 ° with undiluted complement. 

The concept of Ab in serum from immunized persons reacting with C r to produce 
specific biological effects is of course a cornerstone of immunology. Nonetheless the 
possibility that Ab in normal serum may play a similar role is occasionally over- 
looked and a new concept evoked to explain the observed phenomena. The present 
study is a logical outgrowth of a similar investigation in which evidence was ob- 
tained that the "phagocytosis promoting factor" of normal serum is natural antibody 
reacting with C t and that it sensitizes starch granules to undergo phagocytosis (12). 
Both of these studies serve to emphasize the importance for a clear definition of the 
mode of origin and action of natural Ab. The specificity of Ab reacting with zymosau 
and other varied polysaccharides is under investigation. It  seems apparent that the 
factor common to the various substances postulated to react in the properdin system 
is the polysaccharide content of the antigens employed to date. Such broad reac- 
tivity, or, more likely, broad cross-reactivity, is not incompatible with the concept 
immunological specificity. At the moment, it seems entirely reasonable that the 
spectrum of reactivity is a reflection of the wide distribution in nature of closely re- 
lated polysaccharides, analogous to the findings of Heidelberger and Cordoba (13) 
for antigens of typhoid bacilli. This fact, coupled with the possible increased re- 
activity of cross-reacting Ab in the presence of C t, would provide a sound immuno- 
chemical basis for the numerous substances which react in the properdin system. 

The importance of other factors is evoked or re-emphasized by the present 
results. First, ignoring for the moment the variation in avidity of individual 
Ab reacting with the polysaccharide as well as the combining affinity of indi- 
vidual Ab for a particular species of C p, the sera examined for Ab N (Table 
I) showed considerable variation in content. From the results with guinea 
pig serum, it might be expected that the variable Ab content would explain 
the finding that only 20 per cent of human sera react with Z at 16 ° to deplete 
antibody with retention of more than 75 per cent of C ~ components, i.e., make 
a "suitable R . P " ;  and only 10 per cent of sera react with Z at 37 ° to deplete 
CP3 with retention of more than 75 per cent of Ctl, Cry, and Ct2, i.e., make 
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a "suitable R, 3" (2). Using the assays with zymosan and with D. pneumoniae 
as models, we would suggest that Ab may be absorbed from serum PB (5 
to 6 #g. Ab N) with the loss of only a small percentage of C'1.4 units. On the 
other hand, absorption of sera to remove Ab of higher content, e.g. SC (14 
gg.) or KH (23/zg.), would be expected to fix significantly more C'1.4 as well 
as C'a. Such trials seem indicated but were beyond the scope of the present 
study. 

Second, and of more academic import, is the obvious need for an accurate 
measurement of C'2. To date and on theoretical grounds such measurements 
have not been undertaken owing to the postulated instability of sites in the 
state EAC'~. 4. ~ (5) and Z. Ab. C't, 4., (Table VI). 

Finally, the importance of a clear definition of the nature of the substances 
involved in "natural resistance" is apparent from the varied and fundamental 
character of the phenomena currently under study. Observations extending 
from the neutralization of bacteriophage (15) through the lysis of abnormal 
erythrocytes (16) and an increase of natural resistance to certain bacteria 
(17) to studies on the resistance to malignancy (18) have implicated the pro- 
perdin system. Nevertheless, it seems evident that not only the interpretation 
of the observed phenomena but also the direction and emphasis that future 
research should take would be influenced markedly by the concept presented 
herein of a mechanism involving natural antibody and complement com- 
ponents instead of a single and discrete new substance, properdin. 

SUMMARY 

Evidence is presented that phenomena ascribed to the properdin system 
may be explained in terms of classical antibody (Ab) in combination with 
three of the components of complement (C'), i.e., C'1, Cq, and C'~ respectively. 
The results suggest that the complex of properdin (P) with zymosan (Z) 
represents a mixture of Z.Ab, Z'Ab 'C ' t ,  4, Z.Ab.C1.4, 2, and Z 'Ab 'C ' t ,  4, 
in a decayed state. 

The purported preferential reactivity of Z with the third component of C' 
(C'8) is not supported by the present experiments in which Z was reacted 
with C' in both guinea pig and human sera. Approximately the same number 
of reactive units of C'1, 4 and of C'8 were inactivated by Z, as well as by D. 
pneumoniae and a washed specific precipitate of bovine albumin-anti-albumin. 

The latter evidence that small amounts of antigen-antibody complex fix 
significant amounts of Cq stands in contrast with the classical concept that 
C'3 is not fixed in ordinary complement fixation reaction. The observed re- 
activity of C', is explained on the basis of the present use of essentially un- 
diluted sevam as a source of C'3 and of 37 ° as the temperature for fixation. 

Ancillary data indicate that purified properdin contains Ab. In the pres- 
ence of a chelating agent and at 0 ° properdin agglutinated Z granules. Meas- 

D
ow

nloaded from
 http://jem

.rupress.org/jem
/article-pdf/108/4/515/1646246/515.pdf by guest on 23 April 2024



534 ALTERNATIVE MECHANISM FOR PROPERDIN SYSTEM 

urements of nitrogen (N) uptake by Z suggest that 0.25/tg. N were contrib- 
uted by solutions stated to contain 1 unit of properdin. 

The broad spectrum of reactivity or cross-reactivity of the Ab in normal 
serum is likely due to the wide distribution in nature of closely related poly- 
saccharides. Further immunochemical studies are necessary to establish defini- 
tively the origin and mode of action in "natural resistance" of antibodies 
reactive with these polysaccharides. 

The experiments on measurements of C' components were designed after discussions with 
Dr. Manfred M. Mayer and Dr. Herbert J. Rapp of The Johns Hopkins School of Hygiene 
and Public Health, Baltimore. Their help is gratefully acknowledged. 

Dr. J. C. Kelsey cooperated in the early experiments performed at the London School of 
Hygiene and Tropical Medicine. Dr. Harold C. Woodworth participated in the performance 
of several experiments at Yale University. 
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