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Pro~erdin Svstem and Immunity 
11. Interaction of the Properdin System 

with Polysaccharides 

Louis Pillemer, Melvin D. Schoenberg, Livia Blum, Leona  W u r z  

Properdin (1, 2 )  in conjunction with 
Mg" and serum cofactors resembling the 
components of complement ( C r )  kills or 
inactivates certain bacteria ( 3 )  and vi- 
ruses (4 )  and participates in the lysis of 
abnormal red cells ( 5 ) .The observation 
that zymosan ( 6 ) , an insoluble carbohy- 
drate complex derived from yeast cell 
walls, combines with the properdin at 
17O to 37OC in the presence of C' and 
Mg" led to the discovery and isolation 
of properdin (1  ) . The resulting proper- 
din-zymosan complex ( P Z )  inactivates 
the third component of complement 
('2'3) at 37OC ( 1 ) .  This forms the basis 
for the assay of properdin. Present evi- 
dence, although not conclusive, indicates 
that the mechanisms of interaction of 
properdin with zymosan and of properdin 
with bacteria and other agents are simi- 
lar. However, Cr3 does not appear to be 
inactivated in some of these reactions. 

Previous work (7,8) on the parenteral 
administration of zymosan and E. coli 
cell walls into laboratory animals demon- 
strated that zymosan and the cell walls 
interact with properdin i n  vivo and alter 
the serum properdin levels of the test 
animals. Shortly after the injection of 
these materials, the serum properdin ti- 
ters fall to a low level but may return to 
levels considerably above normal within 
a few days. There appears to be a rela- 
tionship between these changes in serum 
properdin titers in vivo and the suscepti- 
bility and resistance to experimental in- 
fection (7-9).

/\ 

In  order to obtain a better understand- 
ing of the full importance and the me- 
chanics of the properdin system, a search 
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was made for compounds that interact 
with the properdin system both i n  vitro 
and i n  vivo (10) .  I t  will be seen in the 
following discussion that zymosan is not 
unique in its ability to form a complex 
with properdin in vitro and to alter 
properdin levels i n  vivo but that this abil- 
ity is shared with many other high molec- 
ular weight polysaccharides or polysac-
charide complexes and cell walls of many 
bacteria. 

Bacterial Cell Walls and Toxins 

The action of various bacterial cell 
walls (8, 11) on the properdin system in 
vitro has been investigated here, and 
some of the results are summarized in 
Table 1. I t  will be seen that cell walls 
from yeasts and both gram-negative and 
gram-positive bacteria complex with pro- 
perdin at temperatures between 15' and 
37'C. These complexes are insoluble and 
can be removed from serum by centrifu- 
gation at 4000 rev/min at  1°C in an In- 
ternational refrigerated centrifuge (PR-
11). Active properdin can be dissociated 
from the cell walls in a medium of high 
ionic strength at slightly alkaline pH ( I ) . 
With the exception of E. coli B, Cr3 is 
specifically inactivated by the cell walls, 
suggesting the formation of a cell wall- 
properdin complex similar to PZ, which 
is then capable of interacting with C'3. 

The action of two purified typhoid en- 
dotoxins and diphtherial toxin on the 
properdin system is presented in Table 1. 
I t  will be noticed that purified protein- 
free endotoxin #282 (0antigen) (12)  
removes properdin from serum but does 
not inactivate Cr3. Partially purified en-
dotoxin #AKD-B-3 also removes pro-
perdin that could be eluted from the pro- 

perdin endotoxin complex in the usual 
fashion. The partial inactivation of C'3 
by this endotoxin may be due to contami- 
nating cell wall constituents. Diphtherial 
toxin, a classical exotoxin (13) ,  does not 
combine with properdin. I t  should also 
be noticed that these toxins are anticom- 
plementary at the levels tested and inac- 
tivate other components of C'. 

Neutral Polysaccharides 

Hestrin and coworkers ( 14 )  have 
shown that certain high molecular weight 
native levans and dextrans have infec- 
tion-promoting activity when they are 
injected intravenously into mice that are 
infected intraperitoneally. From their 
work it appears that the infection-pro- 
moting activity of native levan and dex- 
tran is the result of an extraperitoneal 
interaction between these agents and the 
host. These experiments suggested the 
possibility that native levans and dextrans 
might interact with the properdin system 
in vitro and also alter serum properdin 
levels i n  vivo. Accordingly, a series of 
dextrans and levans, various zymosans 
and several other glucans have been 
tested. The results are summarized in 
Tablc 2, which shows the following. 

1 )  Zymosans vary in their effect on the 
properdin system. Variations in method 
of preparation may lead to physical and 
chemical changes of these materials and 
cause differences in their activity. Zymo- 
sans like FL-1 and LE-1 are representa- 
tive of those employed in this laboratory. 
Small amounts of these zymosans added 
to serum remove properdin and inacti- 
vate C'3. Zymosans like FL-145 do not 
inactivate C'3 but remove properdin, 
while I IFD is almost entirely inactive. 
I t  is obvious that care must be taken to 
employ suitable zymosans for studies on 
the properdin system. 

2 )  Native dextrans showed variations 
in their ability to interact with the pro- 
perdin system similar to those mentioned 
in a preceding paragraph for the zymo- 
sans. I t  will be noted that some dextrans 
combine with properdin and inactivate 
C'3, others only combine with properdin, 
and still others are inactive. However, 
none of the neutral polysaccharides were 
anticomplementary. The active com-
pounds are all of high molecular weights. 
Low molecular weight clinical dextrans 
are entirely inactive. However, several 
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Table 1. Effect of bacterial cell walls, polysaccharides, and toxins on the properdin system 

in human serum 


Maximal 
amount 
added 
to each Anticom-

milliliter Removal Elution plemen-
of or inac- of pro- Inacti- rary Or 

human tivation perdin vation lnacti-Sample serum of pro- from P- of C'3 vation 
- perdin sample ( % )  other 

For re- ( %) complex compo-
moval For in- nents 
of pro- activation of C' 

perdin of C'3 

(mg) (mg) 

Cell walls 
E. coli CV 2 1 > 9 0  i- 100 No 
E. coli B 5 5 > 9 0  t 0 No 

Rhodospiri l lum rubrum 2 5 > 90 100 KO 

Candida fiulche/rima 2 5 > 9 0  t 100 No 

Streptococcus faecalis 2 1 > 9 0  t 100 Yes 

~Mzcrococcus lysodeikticus 2 5 > 90 100 Yes 

Baczllus megaterium 2 1 > 9 0  t 100 Yes 


Bacterial toxins 
Typhoid endotoxin #282 1.5 3 > 9 0  0 Yes 

Typhoid endotoxin #AKD-B-3 1.5 3 > 90 t 50 Yes 

Diphtherial toxin (purified) 3 3 0 0 Yes 


Cell wall polysaccharides 
Pneumococcus IV 3 3 50 75 Yes 

Pneumococcus XIV 3 3 70 100 Yes 

Pneumococcus VIII  3 3 0 0 Yes 

Pertussis 2 5 > 90 0 No 


Normal serum control 0 0 

Table 2. Effect of various neutral polysaccharides on the properdin system in human serum 

Maximal 
amount 
added 
to each Type AGU 

milliliter Removal links*, t 
of or inac- Inacti- 

human tivation vationSample 
serum of pro- of C'3 

perdin ( % ) .. 

For re- For ( %) 
moval inacti- 1,4- 1,3-
of pro- vation like like 
perdin of C'3 ( % )  ( % )  ( % )  
(mg) (mg) 

Zymosan LE-I 2 2 > 9 0  
Zymosan FL-I 2 0.5 > 90 
Zymosan FL-145 2 10 > 90 
Zymosan 11-D 5 10 2 0 
Glucan (yeast) 5 5 > 9 0  
Glucan (Laminarin) 3 3 > 9 0  
Mannan (yeast) 5 5 0 
Clznzcal dextrans: 
Cutter (M-1 Lot No. 5-8783B) 20 20 0 

Ben~er  (Batch No. 2354) 20 20 0 

Glaxo (Batch No. 54/056) 20 20 0 


Native dextrans 
B1299S-3t 3 3 > 9 0  

B1355S-41. 3 3 > 9 0  

B1 355-fraction S* 3 3 > 9 0  

B 135 1-fraction L* 3 3 > 9 0  


(Cont inued  on page 547)  

dextrans of high molecular weight are 
also inert, suggesting that molecular 
weight alone does not determine activity. 
No simple physical or chemical relation- 
ship exists between these compounds and 
their ability to bind propcrdin or inacti- 
vatc C'3. There is some suggestion, how- 
ever, that the degree of chain branching 
may be important. I t  should also be 
mentioned that, while the relative per- 
centage of 1, 3 and/or 1, 4 linkages ap- 
pears to be of importance in this respect, 
some differences have been found in be- 
havior of dextrans that contain these link- 
ages. 

3 )  Native levans, with the exception of 
levan I1 (Hcstrin), remove properdin 
almost completely from serum. I t  is in- 
teresting that levan I1has little infection- 
promoting activity. However, all levans 
tested inactivate C'3. Properdin could be 
eluted from the levan-properdin complex 
in the usual manner. 

4) A glucan prepared from yeast (15) 
behaves like FL-145, removing properdin 
alone from serum, while another glucan, 
Laminarin (1  6 ) ,  combines with proper- 
din and also inactivates C'3. A yeast man- 
nan (15) is entirely ineffective in the 
properdin system. 

It  has been shown that antiserums to 
several pneumococcal polysaccharides 
cross-react immunologically (17)  with 
some dextrans, suggesting similarities be- 
tween the properties of these polysaccha- 
rides. Table 1 shows the results of the 
interaction of several pneumococcal poly- 
saccharides with the properdin system. 
The polysaccharide from type X I V  pneu- 
mococcus and to a lesser extent from type 
IV readily remove properdin from serum 
and inactivate C'3, while type V I I I  is 
not active against the properdin system. 
A11 of these compounds inactivate C'l, 
C'2, and C'4, indicating that comple-
ment fixation also occurs. This may ac- 
count for certain peculiarities encoun-
tered in the assay of properdin and C'3 in 
the presence of these compounds. This, 
along with a lack of precise chemical and 
physical data for these agents, made it 
necessary to postpone further studies of 
the interaction of pneumococcal polysac- 
charides with the properdin system. 

A carbohydrate isolated from M. per-
tussis (18) combines with properdin but 
does not inactivate C'3. This resembles 
the action of some of the afore-de-
scribed dextrans. 

Rlucins and Ground 
Substance Components 

I t  has been shown that the addition 
of mucins to serum in vi tro (19) re-
moved the bactericidal activity of serum 
and that the injection of mucin into 
guinea pigs resulted in a marked decrease 
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in the bactericidal activities of their Table 2.-(Continued) 
serums. Therefore, it seemed important 
to determine the effect of several mucins 
on the properdin system. Crude hog 
gastric mucin (Armour) removes pro-
perdin and partially inactivates C'3. An-
other mucin (Rowley) combines with 
propadin but does not inactivate C'3. 
A mouse microsomal intestinal fraction 
(20)  also combines with properdin. 
Other high molecular weight substances 
of mammalian origin are under investi- 
gation. 

Reports in the literature (21 ) have sug- 
gested that certain rheumatoid diseases, 
diseases involving. connective tissue or u 

ground substance, and many inflamma- 
tory reactions may involve an immuno- 
logical response of the host to the com- 
ponents of the ground substance. How- 
ever, hyaluronic acid, the fundamental 
dimer of hyaluronic acid (22) ,  chon- 
droitin sulfate, heparin, and hyaluroni- 
dase (bull testes) are inactive on the 
properdin system (Table 3 ) .  None of 
these substances combines with proper- 
din. Heparin is highly anticomplemen- 
tary at the levels employed, making as- 
says unreliable. The  complete inactivity 
of the highly charged hyaluronic acid 
and chondroitin sulfate is surprising in 
view of the anticomplementary proper-
ties of heparin. 

Requirements for Complement 

and Mg" 

Although kaolin and charcoal, as well 
as both anionic and cationic resins, do 
not combine with properdin, the possi- 
bility still existed that the removal of 
properdin from serum by the afore-men- 
tioned agents was due to nonspecific ad- 
sorption and did not resemble the com- 
bination of properdin with zymosan, 
which requires the presence of C' and 
Mg++ ( I  ) . Accordingly, the require-
ments for the removal of properdin by 
levan, mucin, and endotoxin were stud- 
ied. Purified properdin alone is not ab- 
sorbed by these agents, as is shown in 
Table 4. The data also show that the 
inactivation of C' prevents the combina- 
tion of properdin with these agents. It  
will also be noted that combination with 
properdin does not occur in the absence 
of Mg++. Thus, C' and Mg++ are neces- 
sary for the combination of properdin, 
not only with zymosan, but also with 
other carbohydrates, carbohydrate com-
plexes, and endotoxins. 

Table 5 shows the requirements for 
properdin, C', and Mg++ in the inactiva- 
tion of C'3 by levan. I t  will be noted 
that levan does not inactivate C'3 in the 
absence of Mg++, C', or properdin. This is 
identical with the requirements for the 
inactivation of C'3 by zymosan (1, 23, 

Maximal 
amount 
added 
to each Type AGU 

milliliter Removal links*, t 
of or inac- Inacti-

Sample human tivation vation 
serum of pro- of C'3 

perdin ('3%) -
For re- For ( % )

moval inacti- 1,4- 1,3-

of pro- vation like like 

perdin of C'3 ( % )  ( % )  ( % )  

(mg) (mg) 


B114G* 

B1191* 

B1254-fraction S* 

B1402* 

B742-fraction C-3Rf 

B1399-fraction L* 

B1064* 

B742-fraction L-Ri 

B1355I-Ct 

B1424* 

B1375t 

B512* 


Native leuans 
B1072* 
B512-E* 
Levan IS 
Levan 118 

* Samples and analytic data furnished by Allene Jeanes and F. R. Senti, Northern Utilization Research 
Branch, U.S. Dept. of Agriculture, Peoria, 111. (40).

t Samples and analytic data furnished by Elvin A. Kabat, Columbia-Presbyterian Medical Center, New 

York, N.Y. 

:Clinical dextrans furnished by hl. H .  Sloan, National Research Council, Washington, D.C. 

,$ Samples furnished by S. Hestrin, Hebrew University, Hadassah Medical School, Jerusalem, Israel. 


Tabie 3. Effect of mucins, components of ground substances, and other agents on the 
properdin system in human serum 

Maximal 
amount 

Sample 

added 
to each 

milliliter 
of 

human 
serum 

- -
For re- 
moval For inac- 

Removal 
or inac- 
tivation 
of pro- 
perdin 
( % )  

Elution 
of pro- 
perdin 
from P-
sample 

complex 

Inacti-
vation 
of C'3 

( 5 % )  

Anti-
comple-
mentary 
or inac- 
tivation 
of other 
compo-
nents 

of pro- tivation of C' 

perdin of C'3 

(mg) (mg) 

Hog gastric mucin* 
Hog gastric mucint 

2 
3 

5 
3 

> 90 
> 90 t 

0 
50 

Yes 
Yes 

Mouse microsomal 
intestinal fraction 3 3 > 90 t 0 Yes 

Heparin 3 3 50 Yes 
Hyaluronic acid (Na salt) 3 3 0 0 No 
Hyaluronic acid (dimer) 3 3 0 0 No 
Hyaluronidase 3 3 0 0 No 
Chondroitin SO4 (Na salt) 3 3 0 0 No 
Pectic acid (Na salt) 
Kaolin 

3 
10 

3 
10 

0 
0 -

0 
50 

No 
Yes 

Charcoal 10 10 0 0 No 
Normal serum control 0 0 No 

-
Supplied through the courtesy of Derrick Rowley, Wlight-Fleming Institute, London, England. 

t Commercial product, Almour Laboratories, Chicago, Ill. 
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Table 4 .  Requirements for complement and Mgt+ in the combination of properdin with 24) .  The addition of properdin to proper- 
hog gastric mucin, levan I, and endotoxin. All serum mixtures were incubated for 1 din-deficient serum and the addition of 
hour at 17°C. The samples were then centrifuged at 35,000 g for 1 hour, and the super- M e t  to resin-treated serum then allowed 
natants were tested for properdin activity. levan to inactivate C'3. 

Added Hog gastric Removal These experiments clearly show that 

proper din mucin" of pro- the interaction of the properdin system 
Sample (units/ml (mg/ml perdin with the afore-mentioned agents is de- 

serum) serum) ( %  ) pendent on the same conditions required 
for zymosan. 

Normal serum 0 0 
Normal serum 3 > 90 
Properdin-deficient serum (RP)  6 0 0 Possible Relationships to 
Properdin-deficient serum (RP)  6 3 > 90 Natural Immunity 
Verona1 buffer alone 6 3 0 
C'4-deficient serum (R4) 0 0 Most of the substances that have been 
C'4-deficient serum (R4) 3 0 shown to combine with properdin and to 
Resin-treated serum 0 0 
Resin-treated serum 3 0 inactivate the properdin system have pre- 

Resin-treated serum + Mgc+i. 3 > 90 viously been demonstrated to have defi- 

Resin-treated serum t CaC+i 3 0 nite infection-promoting activity (25).  
These include dextrans and levans, hog 

" Identical results were obtained with levan I and typhoid endotoxin. gastric mucins, bacterial cell walls, and iFinal molarity of Mg++= 5 X 10-4; of Ca++ = 2.5 X l e a .  
other bacterial carbohydrates. 

Zymosan ( 7 )  and the cell walls of 
E. coli (8) have been shown not only to 

Table 5 .  Requirement for properdin, complement, and Mgi+ in the inactivation of C'3 increase susceptibility but also to increase 
by native levan I (Hestrin). All serum mixtures were incubated for I hour at 37°C. The resistance to infection, depending on the 
samples were then centrifuged at 35,000 g for I hour, and the supernatants were tested time interval between the injection of 

-for C'3 activity. these agents and the infection of the ani- 

Levan I Inactivation mal. Within the first few hours following 

Sample (mg/ml of C'3 the injection of zymosan or cell walls the 

serum', ( % )  animals are highly susceptible, whereas 
2 to 5 days later they are resistant to 

Normal serum 0 0 various bacteria. Paralleling the degree 
Normal serum 3 100 of susceptibility of the animal to infection 
Properdin-deficient serum (RP)  0 0 is a fall and rise in properdin levels 
Properdin-deficient serum (RP)  3 0 durine the same time interval. which wProperdin-deficient serum (RP)  t 3 units properdin 3 100 
C'4-deficient serum (R4) 0 0 suggests a relationship between serum 

C'4-deficient serum (R4) 3 0 properdin level and susceptibility or re- 

Resin-treated serum 0 0 sistance to certain infections. The identi- 
Resin-treated serum 3 0 cal behavior of zymosan and the E. coli 
Resin-treated serum t Mgi+* 3 100 walls in vivo again suggests that they 
Resin-treated serum + Ca"+* 3 

---
0 may contain similar compounds or struc- 

* Final molarity of Mg++= 5 x 104; of Ca++ = 2.5 X lo9. 
tures. 

I t  seemed i m ~ o r t a n t  to determine the 
effect of levan, mucin, and endotoxin on 
the serum properdin levels in vivo. The 
results of such experiments are presented 
in Fie. 1. which shows that both levan 

u ,


'. and mucin produce a marked and rapid 
-...--\.

! ,  .._ fall in properdin within a few hours after 
~---..>. injection into mice; this is followed 
--,-\:. 
y..-._ within 3 to 6 days by a return to normal 

\ 
~ ... 

----.. levels in the mucin-treated mice and to \~~ 1 
4 

\ "a a level of 200 percent of normal in the 
levan-treated mice. The injection of en-

j dotoxin caused a slight fall in properdin 
levels during the first 4 hours following 
injection, a more pronounced fall at 24 
hours, followed b y  a marked increase in 
properdin levels between 3 to 6 days. All 

.--+ Levan 1 2 mg. I.V. properdin levels had returned to normal 
A-----ATyphoid Endotoxin 0.lmg.l.V. values at about 10 davs after the iniec- 
x-~ Gastric Mucin (Hog) 7.5mg.I.V. tions. Studies are in progress on properdin 

L A  1 A - I L i  I I 
levels following the injection of varying 

- -- amounts of these agents at  different 
1 3 5 1 2 3 4 5 6 7 8 9 1 0 times.ours Days The foregoing experiments suggest that 

Time After lnjectlon the ability of mucins (25-28), levans (14, 

Fig. 1. The serum properdin levels in mice following intravenous injection of levan, 25), and endotoxin to influence the re-
rnucin, and endotoxin. sistance or susceptibility of laboratory 
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animals to infections may be due in part 
to their interaction with the Dro~erdin 

.	 l 


system. The interaction of endotoxins 
with properdin also suggests that the pro- 
perdin system may be involved in "toler- 
ance" to endotoxin f 29). in the Shwartz- 

\ 1 ,  

mann reaction, and in the pyrogenic and 
other physiologic manifestations of endo- 
toxins. The relationship of properdin to 
the normal serum factor 130. 31) that 

\	 , , 
has been reported to react with endotoxin 
is under investigation. Along these lines, 
the increased sensitivity to endotoxins of 
dogs subjected to irreversible hemor-
rhagic shock (32), which is accompanied 
by a marked decrease in their serum 
properdin levels (33) ,  should be noted. 

Although a variety of high molecular 
weight carbohydrates or their complexes 
cause marked changes both in natural 
resistance and in the properdin system 
in vitro and in viuo, no definite correla- 
tion exists between the activities of these 
materials and any simple physical or 
chemical property. Polysaccharides with 
identical repeat units and very similar 
structures Dresent widelv different activi- 
ties. The active materials contain both 
a- and P-linkages, furanosidic and py-
ranosidic units, and interhexose linkages 
of 1, 4; 1, 6; 1, 3; 2, 1; and 2, 6 types and 
combinations of these within the same 
compound. There also seems to be no de- 
pendence on the presence or absence of 
polar groups. Perhaps specific configura- 
tions or spatial arrangements of sugar 
residues may determine the ability of 
macromolecules, as well as certain bac- 
teria, viruses, and red cells, to interact 
with the properdin system. In any event, 
the requirements of C' and Mg++ for the 
combination of properdin clearly indi- 
cate that the mechanisms involved are 
highly complex and that further com-
ment at this time would be highly specu- 
lative and premature. 

Appendix 

Nomenclature. Properdin is designated 
as P, complement as C', and zymosan as 
Z. The four recognized components of 
C' are indicated by the symbols ,C'1, C'2, 
C'3, and C'4 (34) .  R P  indicates serum 
lacking properdin only and R3 lacking 
both C'3 and properdin. R4 is serum 
rendered free of C'4 by treatment with 
hydrazine (35, 36). The preparation of 
resin-treated serum that is deficient in 
Mg++ and Ca++ has been described previ- 
ously (37) .  

General methods. Methods for the as- 

say of properdin ( I), C', and C' compo-
nents (1, 37, 38) have been previously 
described. The various agents tested for 
their effect on the properdin system were 
dissolved or suspended before use to a 
concentration of 10 mg/ml in Verona1 
buffer (39) containing Mg++ and Ca++. 
Desired amounts of these substances were 
then added to human serums previously 
selected for their ability to make satis- 
factory R 3  or R P  reagents by zymosan 
treatment. About 20 percent of human 
serums make suitable R P  and only 10 
oercent make suitable R3. These mix- 
tures, along with normal treated and un- 
treated serum controls, were then incu- 
bated at 37OC for 1 hour with occasional 
mixing, then centrifuged at 35,000 g at 
2OC for 1 hour, and the supernatants 
were tested for properdin, C'3 activity, 
and other C' component activities. The 
presence of agents that did not sediment 
at 35,000 g interfered with both the pro- 
perdin and the C'3 assays. 

In  certain instances, the afore-men-
tioned mixtures were incubated at  lY°C 
instead of 37OC and treated as just de-
scribed, and the supernatants were tested 
for properdin only. Some residues were 
eluted with buffer of fiH 7.4 and ionic 
strength of 0.6, and the eluate was tested 
for properdin. Such tests verified the ac- 
tual combination of properdin and elimi- 
nated the possibility of nonspecific inac- 
tivations. 

T o  test the in viuo action of various 
agents on the properdin system, healthy 
12- to 16-g.- CF2 female mice were in-
jetted intravenously with various doses 
of levan, mucin, and endotoxin dissolved 
or suspended in 0.15M NaCl. Changes 
in the properdin content of the blood 
were followed by doing titrations on pools 
of a t  least six serums obtained from 
groups of animals sacrificed at  various 
times before and after injection. The 
serum samples were frozen and stored at 
- 3O0C in a mechanical deep freeze until 
the final sample had been obtained. Pro- 
perdin titrations were then done on all 
samples with the same reagents on the 
same day. 
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