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The properdin (from the Latin word perdere- to  destroy) system was first described by Piltemer and his co- 
workers [2] in 1954. It is a protein fraction of the serum which, in the authors' opinion, determines the general 
(nonspecific) resistance of the body to infection, by bringing about lysis of bacteria and inactivation of viruses. 
This property, and the therapeutic action of properdin in experimental radiation sickness, have attracted consid- 
erable attention to this substance. 

The action of properdin is shown only in the presence of the other components of the system, namely all 
four fractions of complement and magnesium ions. The titration of properdin in the serum is based on its power 
of inactivating the third complement fraction C" s in prescribed conditions and in the presence of zymosan (at 3~*). 
It may therefore be estimated by two methods: by the ability of the test serum to lower the bactericidal titer of 
complement, and by its ability to lower itshemolytdc activity. In these experiments the ordinary complement 
must not be used, but complement from which its own properdin has been removed (the so-called Rp, obtained 
by keeping complement with a suspension of zymosan for 1 hour at lq*). 

Estimation of properdin by the first method, in spite of the apparent lucidity of the scheme of the experi- 
ment, in fact proved very complicated. Pillemer therefore considered it necessary to develop and recommend 
the second method. The essence of this method is as follows. Into a series of test tubes containing diminishing 
volumes of test serum (from 0.25 to 0.15 ml) are added Rp (0.25 ml by volume), a suspension of zymosan (0.1 
ml) and veronal buffer (to 0.75 ml). After standing for 1 hour at 35 ~, the content of the third fractionofeomplement 
in the supernatant fluid of each tube is estimated. For this purpose, to 0.2 ml of supematant fluid is added R a 
(i.e., complement without third fraction) in a dose of 2 units (in a volume of 0.05 ml), veronal buffer (to 0.5 ml) 
and hemolytic system (1 ml). The onset of hemolysis demonstrates the presence of C '  3 in the titrated fluid, and 
absence of hemolysis indicates total inactivation of this fraction of complement. The properdin titer in the test 
samples is determined by the amount of inactivated C'8. 

Pillemex uses preparations of Rp from human serum and considers that preparations containing not less than 
120 units C t J m l *  are suitable for the experiments. 

* According to Pillemer, the unit of C~ is that quantity which, in the presence of 2 units of Ra, will cause hemo- 
lysis in standard experimental conditions (a volume of 1.5 ml, of which 1 ml is hemolytic system). The unit of 
R 3 is the minimum dose of active complement (before removal of third fraction from it) causing 100% hemolysis 
in the same standard experimental conditions. The unit of properdin is the amount which will inactivate (in the 
presence of zymosan) 120 units of third fraction of complement in 1 ml of Rp. 
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T A B L E  1 

Scheme of the Experiment for Using Preparations of Rp from Guinea Pig Serum 

I 

Selection of doses of Rp and C '  s for Making Up Working Mixtures 

Dilution of Rp 
Dilution of C'8 

i.: i0 I : 15 i : 20 i : 30 I : 40 i : 60 

i:I0 

1:15 

1:20 

1 : 25 

Veronal buffer 111 

+ 

+ 
H- 

+4-+ 

-t-t-+4- 

II 

Main experiment Rp + C'3 (working mixture . . . . .  0.2 ml 

Suspension of zymosan . . . .  0.1 ml 
Test serum (in different dilutions) . . . .  0.2 ml 
Verona1 buffer . . . .  0.1 ml 

1 hour at 3T;  centrifugation . . . . .  
To the supernatant fluid from each tube (0.3 ml) is added 0.2 ml of hemolyt ic  system. 

Legend to this and subsequent tables: - hemolysis; +, ++, +++ and I I I I various degrees of inhibition of 
hemolysis. 

He himself points out, however, that such preparations of P.p can be obtained from human sera in not more than 

20% of experiments. Nor was he able to obtain satisfactory preparations ofR s from human sera. 

The difficulties which arise in connection with the use of preparations from human serum and with the com-  
plexity of the experiment itself, have made it imperative to seek other possible methods: 1) to find an infallible 
method of obtaining Rp with a higher content of third fraction; 2) to dispense, if  possible, with the use of the pre- 
paration of Rp and to replace it with crude serum with a low properdin content, which could be ignored, and 3) 
to simplify the plan of the experiment. This was the subject of our research, the results of which are described 
below. 

E X P E R I M E N T A L  M E T H O D  A N D  R E S U L T S  

The comparative study of the complement  in man and the guinea pig, in tespec~ to their content of the 
individual components, gave us the idea in the first place,of  preparing Rp from a mixture of  the corresponding 
sera, and later, from the serum of the guinea pig alone. In the first case the optimal mixture was one of 4 vol- 
umes of guinea pig serum and 1 volume of human serum. The Rp preparations obtained from such a mixture had 
a much higher hemolytic activity than analogous preparations from human serum. Nevertheless their titer was 
only half  that of the crude mixture from which they were obtained. The same thing was observed in relation to 
preparations of Rp obtained directly from guinea pig's complement.  We therefore added to the preparation of Rp 
a small quantity of C" s in the form of complement  heated to 52% We usually had to add 1 part of C" 8 to 2 parts 
of Rp. This completely restored the hemolytic activi ty of the preparation. 

The properdin of the test sera was estimated as follows. As a preliminary step the optimal concentrations 
of Rp and C ' ,  were titrated, as shown in Table  1. We selected a dilution of Rp which itself would give almost 
total hemolysis (in this particular case 1:12), and C'S was added in a concentration sufficient to increase the Rp 
activity two- or threefold (in this particular experiment 1:16). To 0.2 ml of the preparation was added 0.2 ml of 
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T A B L E  2 

Inac t iva t ion  of Guinea  Pig Complemen t  by Rat Serum in the 
Presence of Zyruosan 

D~aution of  complem em ~ontrol (addi- ~Lon of  ra t  serum 
Dilution of ra t  serum [without zymosan 

: 2~! ~o 1;30 comple -  
Nent )  __ 

I:100 
i : 15(: 
] : 2!~() 

1 : 4 { ) 0  
I : !i(';O 

Vezenal buffer 

~ ~ 

-7--;" "r"7- 

+ + r +  

i 

l 

! : 2 5  ~ : 3 q  

: - -"  T - '  ; �9 - i -  

+ §  .... 
+ + §  ~-----4- 

~--L ~ 4 -  4 - - + + +  
4- -+ + % 

+ +  

the test serum in different dilutions, 0.1 m l  of a suspension of  zyruosan* and 0.1 mt  of  veronal  buffer. After a l -  
lowing the mixture  to react  at 3T ,  the  contents of the tube were centr ifuged,  0.3 rul of the  supematant  fluid was 

withdrawn and to i t  was added 0.2 ml  of hemoly t i c  system. The  result of  the test was read after 20 tninutes  at  
37'.  Absence of hemolysis  showed inact iva t ion  of the  C'a. The  properdin content could be judged by the min i -  
mum dose of test serum in which hemolysis was observed to be inhibited.  

For a l l  its s impl ic i ty ,  however, this method had cer ta in  essential drawbacks: the Rp preparat ion cannot be 
preserved under ordinary conditions but must be obtained e x t e m p o r e ;  t i t ra t ion has to be  carr ied out imruedia te -  
ly,  fo l lowed  by the main  experiment .  This was very t ime  consuming and very laborious. We therefore tried to 

do without a special  preparat ion of Rp, by substituting guinea p~g complemen t  untreated in any way. 

The  properdin content in guinea pig complement  is in fact negl ig ib le ,  and after di lut ion i t  is sh l l  further 

reduced,  so that  this amount of properdin can be ignored. At the same t ime ,  guinea pig complement  has charac-  
ter is t ica l ly  high values of C '  3 and other fractions. 

The sui tabi l i ty  of crude guinea pig complement  to rep lace  the Rp preparat ion was tested in experiments  in 

which rat  serum was used as a source of properdin. We chose this serum because,  as reported in the l i terature,  i t  
is distinguished by a high properdin content which, in ordinary condi t iom,  does not undergo any very considera-  

b le  variat ion.  

Tab le  2 shows the results of  one of the  experiments  in which we tested the  abi l i ty  of rat  serum to inac t iva te  

complement  in the presence of zymosan. 

Rat serum was used in dilutions from 1: t00 to 1:600 and was added in equal volumes (0.2 rul) to coruple-  

meant, diluted from 1:20 to 1:30. To each tube was added a suspension of zymosan m a volume of 0.1 ml  (con-  

taining 0.5 mg of the preparation) and veronal buffer (0.1 ml).  The  mixture was kept  for 1 hour at 37". Veronal  
buffer was added to the control  tubes instead of rat  serum. A second control  series was also used in which c o m p l e -  
ment ,  di luted 1:30, was mixed with the above doses of rat  serum, but veronal:buffer was added instead of  the  sus- 

* Zymosan was prepared by P i l lemer ' s  formula [2] from yeast  of strain No. 7 from the Leningrad yeast  factory. 
The working dose of each batch of zymosan was t i t ra ted  and the dose chosen which gave the most ac t ive  Rp pre-  
parat ion by t rea tment  of co~alplement, in these experiments  we used a suspension containing 0.5 mg zymosan m 

0.I ml. 

* * Composition of the veronal buffer: sodium chloride 8.5 g, veronal 0.675 g, medinal 0.375 g, magnesium chlo- 

ride 0.5 ml, calcium chloride (M/I) 0.15 ml, distilled water to 1 liter. 
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T A B L E  8 

Compara t ive  Evaluation of the Properdin Content  of  Different Sera (Typ ica l  Expe r imemt )  

Concentration of test 

sera ( in a/o) 

100 
90 
80 
70 
60 
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tion 1:200) 
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pension of zymosan. After a l l  the tubes had been kept  for 1 hour at  ST,  0.8 ml  was withdrawn from each,  and to 
i t  was added 0.2 ml of hemoly t ic  system; a l l  the tubes were then placed in a water bath at ST.  The remlts  of the  

experiment  were read when comple te  hemolysis  took p l a c e  in  the  control  tubes. Complement ,  when treated with 
small  doses of rat serum in the  presence of  zymosan,  lost its hemoly t i c  ac t iv i ty .  At  the same t ime ,  the addi t ion 
of rat  serum itself ,  without zymosan,  did not  affect  the complement  t i ter ,  nor did t rea tment  with zymosan in the 
presence of buffer. Rat serum, inact iva ted  by heat ,  also had no act ion whatsoever in the presence of zymosan,  
for i t  was deprived of its properdin. I t  might  be  ment ioned that,, with a higher concentrat ion of  complement ,  a 

l a r g e r  dose of  rat  serum was required for i ts inact iva t ion ,  t t  was therefore necessary to t i t ra te  the op t imal  d i lu-  
t ion of complement  for the main  exper iment .  In accordance  with the results shown in Tab le  2, this di lut ion must 
be considered to be 1 : 2 7 - 1 : 3 0 ,  for this dose i tself  produced comple te  hemolysis  and, at the same t ime ,  when t rea -  
ted with small  doses of rat serum in the presence of zymosan, i t  lost not less than half  its ac t iv i ty .  

Some doubt may  arise whether a sufficient quantity of a l l  4 fractions required for manifes ta t ion  of the ac -  
tion of properdin is present in the dilut ion of complemen t  chosen. This was tested as follows. An exper iment  
was carried out on one series of  tubes in the  ordinary way, and in another series complemen t  was not di luted with 

buffer but with a preparat ion of R s. In the second case,  therefore,  the amount of the  first, second and fourth frac-  
tions of complement  was great ly increased.  I t  was found that  the ac t ion of the properdin of  the  rat  serum was the  
same in both experiments.  From this i t  follows that  a l l  the components of  complemen t  were present in the  first 
series too, in sufficient quantity to demonstrate the ac t ion of  properdin. 

The results obtained enabled the properdin content  of different  sera to be compared.  An example  of such 
an experiment  is given in T a b l e  3. 

A rat serum, a hea l thydonor ' s  serum and two sera from patients  were tested simultaneously.  The in i t ia l  
di lut ion of the rat  serum was 1:200 and of the others 1:20. In  each successive di lut ion the concentrat ion of the  

test serum diminished by t0ffo, The  exper iment  was carried out by the scheme described above. From each d i lu-  
t ion of the  test sera 0.2 mI was poured into a test tube, and to i t  was added an equal volume of complement  in 

a t i t ra ted dilution (1:25) and 0.1 ml  each of a suspension of zymosan and veronal  buffer. The necessary controls 
were set up at the same t ime .  The robes were kept for 1 hour at  3T and centrifuged; to 0.3 ml  of the supernatant 
fluid was added 0.9 ml  of hemoly t ic  system and the mixture  was kept on a water bath at 37* until  the onset of 
hemolysis in the controls, 
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It can be seen from Table  3 that 50% hemolysis (inhibition of  hemolysis ++) developed if  the rat serum was 
in dilutions of-1:600-1:700 (>25%•33% of the original dilution). The donor's serum showed the same action in 
a dilution of 1;80, the first patient 's serum in a dilution of 1:38 and the s econd-1 :20 .  This gave grounds for con- 
sidering that the properdin content of  the donor's serum was one-eighth that of the rat serum, that of the first pa-  
tient one-twelfth to one-fourteenth, and that of the second patient one.thirtieth that of the rat serum. 

tt was thus possible to express the properdin content as quantitative values by comparing the action of the 
test serum with that of a standard properdin preparation. We considered that rat serum fulfilled this purpose. Ac-  
cording to Pillemer, rat sera contain 25-30 units of properdin per ml. The  method described enabled the con- 
ventionat unit of properdin to be considerably reduced. Since the final effective dilution of rat serum was 1:600, 
it could be accepted that I ml  contains 600 conventional units of properdin. In accordance with this definition, 
the properdin content was calculated in the test sera. The establishment of a smaller unit of properdin widened 
the range of titration, which had definite advantages. 

It must be pointed out that the properdin titer is maintained for a sufficiently long t ime in rats semmif  
kept in a frozen state (-2Co). It is therefore desirable to use as a standard a mixture of several rat sera, kept under 
the above conditions. In order to obtain comparable results, each new mixture must be titrated in the same ex- 
periment with the previous mixture. It  is also possible to use the same complement  fo~ 7-10 days, if it is kept 
in the frozen state. The method described enabled a considerable number of sera from healthy persons and pa-  
tients and also from experimental animals to be investigated without undue difficulty. The results of these inves- 
tigations wilt be described in the next communication.  

S U M M A R Y  

This work deals with an experimental analysis of  the two possible methods of properdin determination and 

their disadvantages. The authors suggest a new simple method which consists of the substitution of Rp by a guinea 
pig complement  with the utilization of normal rat serum (characterized by high and stable properdin titer) as a 
standard. The optimal dilution of the complement,  which loses its hemolyt ic  activity after treatment with rat 
serum in 1:600~*- 1:800 dilution in presence of  zymosan, is determined in a preliminary experiment. The amount 
of the serum under invest igation capabte of  giving the same remit with the titrated dose of complement,  is de- 
termined in the main experiment. 
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