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Summary of the Thesis 

Ct 
The present t hesis consists in the main of , comparative 

study ~f conylement, one of t he phenomena in the field of 

immunology . As an introduction, a review of the past work 

on the general serology of the colc-blooded vertebrates is 

presented, supplemented briefly by observations i n this labor­

atory. Following this t he main body of the thesis is presented 

in several sections, the first of which covers the nature and 

activity of c omp lement in the five classes of vertebrates as 

far as it has been studied. Original work is presented t o 

show that t he guinea p i g , frog and carp hav e comp lements that 

are quite similar to each other in severa l properties, i n­

cluding the ways in which they may be specifically inactivated. 

The extent of t his similarity is further enlarged in 

the sec ond section where it is shown for the first time t ha t 

it is possible to rec omb i ne the components of comp lement amon~ 

the t hree species and to obtain a ctive mixtures in several 

cases. 

Two short secti ons follow dealing with the relation of 

t he above studies t o the complement-deficie n t gu inea pig and 

t o t he role of co7Tlplernen t in combating disease, and t he t hesis 

is c on cluded wi t h an app endix covering such matters as te chn ique , 

ori ginal data and references. 

In add ition, a repr i nt is submitted on t he rela t ion of 

temper a t ure to a~ tibody for ma ti on in fish. 



A Rev iew of t he Serology of Cold-Bl ooded Vertebrates 

While t he main body of t his thesis has t o do with a can­

parative study of comp lement, it ls desirable to review first 

the ava ilab le informat ion on the serology of cold-blooded verte­

brates, for this is of sca ttered and n ot very extensive occur­

rence. iVI e tchnikof f and others of his time worked on these low er 

classes to some extent and as early as 1897 one can find re­

ference to the production of agglutinins in the frog (Widal and 

Sic ard). However, at that time , intere s t was centered upon the 
.ff 

hematoxic effects of sera, particularly that of the ee rand frog, 

where the presence of powerful hemolysins ha d been demonstrat ed; 

s om e of t he early work on anti-toxins even including the pro­

duction of antibodies against eel serum (Korsel 1898 , Tschisto­

vitch 1899 ). A review of most of this not too prolific liter~ 

ture is to be found in a paper by Nardi (1938). As t hese 

hemolysi ns have been s hown to be due to t he a ction of com­

plement and antibody, they will be c ons idered in more detail 

i n the parts of this thesis on comp lement. 

There are several papers showi ng tha t antibodies can 

be induced artificially i n various c old-blooded vertebrates, 

these antibodi es be i ng similar to those induced i n mam~als a s 

re gards their specificity, relative hea t ; stability and so on. 

The first of these and only one known to me of induced anti­

bodies i n the r ept ile s is t ha t of Gee and Smith (1941). They 

were able to obtain high titer agglutinins against Bacterium 

salmonicida i n turtles, t he sera of which previously was not 

able to react with these organisms. Add iti onal and rela tively 



more work ha s been done on the amphibians, frogs being used to 

produce several kinds of hemagglutinins (Lazar 1904, Schwarz­

man 1927, Allen and McDaniel 1937, Wollman 1938) as well as 

at least two kinds of bacteri a l agglutinins, i.e. for Eber­

thella .!lPhosa (Widal and Sicard 1897) and for Proteus h1.3.£2.­

philus (Kulp 1942). The most work has been done upon a variety 

of species of fish where several workers have been able to in­

duce the formation of antibodies against such bacterial anti­

gens as.!?_. salmonicida (Smith 1940, Duff 1942), _:{ibrio (Berg­

man 1911, Aaser 1923, Nybelin 1935), Pr2te~ El_scidus versi­

c-21,Q.r (Babes and Rie gler 1903), and P seudomonas puncts.ta - --·------ -----
(Plisyka 1939). This last author obtained antisera of high 

titer that was able to discriminate between various strains of 

the antigen. In addition to the bacterial antibodies, it has 

been possible to obtain agglutinins in carp against sea urchin 

sperm (Cushing 1942) and against sheep, carp and gold fish 

erythrocytes (Cushing unpublished), the anti sheep ·sera being 

he molytic in the presence of carp complement. 

Natural antibodies also occur in the lower classes of 

vertebrates and to an extent that forces one to be careful to 

obtain control samples of serum fr om animals that are to be 

artificially immunized. Such antibodies are to be seen in the 

natural agglutinins for sea urchin sperm (Cushing 1942) in 

carp serum, and in the hemagglutinins that occur in almost any 

ani mal (includi ng lobster, [yler unpublished) one cares to in­

vestigate. Examples of these are discussed in the work of 

Ioth (1932) on fish, in tha t of Bond (1939, 1940a, 1940b) on 

reptiles, and have been found in fro gs and carp in this l abo­

ratory . These natura l an tibodies, as f a r as studied, are quite 

4. 



comp a r ab le to t he i nduced on e s in tha t they are relatively 

heat stable, c an act a s hemolysins under the proper c onditions, 

and are able to retain t heir properties f or several months if 

kept in the cold. Th eir specificity has n o t been extensively 

studi ed , but t he work of Bond indicate s that it may be ouite 

high. Th is author was able to show by absorptions tha t snakes 

(1939), turtles (1940a) and a lligators (1940b ) have agglutinins 

for typ e A, and for t yp e B human erythrocytes, a s well as ah~ 

man species agglutinin, a nd that these may occur independently 

of each o ther in sera within the first two forms. In addi tion 

to these, various other hemagglutinins may or may not be pre sent. 

Further evidence of rathe r pr onounced specificity is a lso 

seen i n the western painted turtle whe re at least three main 

blood t yp es a nd two sub-types have been found by Bond . Blood 

gr oup s within snakes an d alli ga t ors , however, we re n o t found. 

I n connection an d i n contradiction to Toth (1 932 ) it may be 

s a id that the c a r p used in t hi s i abore.t ory had v a rious iso­

agglutinins in t heir sera. These unfortunately could not be 

worked out in detail as our populati on was n o t s uffic iently 

he t erogeneous, but they were wel~cmarked enough to warrant 

a dd~tiona l study. 

In c oncluding this review of serological phenomena in 

the cold-blooded vertebra tes, some miscellaneous papers mi ght 

be mentioned, the first by Goodner (1926 ) s howing that, while 

int a ct fro g and fro g a limen t a r y smooth musc le d id not g ive 

anaphylatic re ac tion s, excised heart tissue s howed an abrup t 

decrease in rate and strength of contraction upon cont a ct with 

s pec ific se ns iti zing ant i gen . Similar results were ob t a i ned 
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with t urtle he art by Down s (1 928 ), who was able t o demonst r a te 

both a ctive and passive an aphy l axi s , finding tha t chicken b ut 

not r abbit antiserum wa s effective i n t h e l a tt e r case. 

An other paper to be mentioned is tha t of Phisalix (1926) 

which sta tes t ha t eels a re n a turally i mmune to the rabies virus 

and that their serum h a s anti-rabid factors. This reca lls the 

earl y demonstrations (Zinsser and Bayne-Jones fqjq ) that cold­

blooded animals are often n a turally immune to the diseases of 

warm-blooded ones,, a field that has been but little i nvesti­

gated. In connection with immunit~ the work of Nigrelli (1937) 

showed that certain marine fishes were able to acquire immunity 

to a nematode parasitic upon them. 

The las t paper to be discu ssed is that of Ishihara and 

Misao (1928 ) which is reported by Cumle y and Irwin (1941) as 

s howing t ha t t he se r a of t he carp , crucian and go ldfish contain 

species s pe cific substa nces antigenic i n the rabbit, and t hat 

the sera of hybrids among these fis h p ossessed some of these 

anti genic units fr om each of their parents. This is of interest 

in tha t it par al lels the studies of Irwin and Cumley (1942) 

on t h e inheritance of serum an tige ns i n the Columb ida e, and 

sugge sts that serum differen ces as well as cellu l a r ones may 

be use ful ma teri a l for t he study of p rob le ms i n fish popul n ti ms . 

I n summarizing , it may be s aid t hat, a s f a r as s tudied , 

t he serological p r oper ti es of cold-blooded an ima l s closely re­

semb le t ho se of t h e warm-bloode d ones, a nd it seems very pro­

bab le t he. t the same i mmuno logica l principles apply for both. 

This p robe-bili t y is further i ncrease d by the si mila.ri ty of t h e 

c omplemen ts i n t h e two groups , a s will b e seen in the sections 

t o follow. 



f::: Cornpara.tive Study_Qf Comp lement 

I. Introduction 

Complement , while difficult t o de fine precisely , is the 

general te rm app lied to a spe cific property of fresh, normal 

serum; name l y , its ab ility t o bring about the destruction of 
• ct, 

such prote~n"ce ous materials as erythrocytes and bacteria througp 

lysis, phe.gocy t osis or other means, when these materi a ls have 

been c omb ined with their specific antibody. This destructive 

activity of serum is apparently a function of certa in specific 

serum pro teins that a re not increased by immunization, and has 

long been studied a nd utilized as one of the chief phenomena of 

immunology . 

Quite early in t hese studies the guinea p ig was found to 

be the source of a comp lement tha t wa s very active with many of 

the better known antigen-antibody complexes and since t hen this 

animal has furnished almost all of the material tha t has been 

investiga ted . While the complements of several other species 

have been studied, such as thos e of the common domestic animals 

and of man, the general tendency has been to ignore such prob­

lems as might be concerned with the source of comp leme nt or its 

extent as a gene ral phenomenon and to treat its activity as 

essentially non-specific and not subject t o the usual bi o­

logical influences of variability , specificity and so on. Al­

though such a point of view has been far from unfruitful, it 

has at times led to some misinterpreta tions of observa tions 

and, in any event, can be supp lemented by as full a knowledge 

as possible of the general b i ological propertie s of comp lement 

withou t s uffering any pr ac tical set-backs. 
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Th e purp ose of t h e t h esis p rese n ted h ere has b ee n to 

ma ke a c ompar a tive s urve y of comp lement i n t he vertebrates, 

emph3.sizing p articularly t h a t of t h e c a r p , fr og e.n d g u i nea 

pi g , i n order t o l e a r n s omething of the extent a nd de gree of 

similarity of comp lement in t h is phylum. As s u ch a comparis on 

must, in . l a st a nalysis, a ttritute its findi ngs to the a ction 

of evolution , t h e evidenc e t hat the v a ri a tions n oted are due 

to heritable f a ctors will b e considered at t h is time. Evidence 

of a general sort is to be found in the field of systematic 

serology wh ere the p roteins of many sp ecies h a ve been comp e.red 

immunolog ically and found t o differ fr om e a ch other r oughly 

in inverse p roportion to the degree of rela tionship of the 

forms compared. This subject has most recently been reviewed 

by Boyden (1942,) and the re a der is referred to his paper for 

details. Of particular interest are the s evera l cases where 

the whole sera of various anima ls h a ve b een c ompared for, a s 

will be describ ed in mor e de t a il, the a cti on of c omp lemen t de­

pe nd s upon c ertai n sp ecific serum proteins. Th ese comparis ons 

agree with o ther work in s upporting t h e ob s e rva tion t ha t in 

gener a l the pro teins of closely rela ted fo rms a re a nti genica lly 

more a like tha n a re t hos e of dist a ntly r e l a t e d ones, and tha t 

t h ese a nti ge n ic p rop erties a re consist e ntly cha racteristic of 

any p a rticul a r species. 

The best evidence t ha t t h e specific na ture of serum 

proteins is genetically determined h a s b ee n g iven by Cumley, 

Irwin and Cole (1942 ) thr ou gh t heir wor k on hybrids between 

v a ri ous dove and p i g eon s pecies. Th e y have s hown quite c on­

clusively tha t the s p ecies-sp eci f icity of t h e serum p r oteins 
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that they were worki ng with ~f a lls within the pattern of 

Mendel i an inheritance'' and that t h erefore it ma y be assumed 

to be gene controlled. In this connection lt is interesting 

to note that the genes involved are n ot correlated with those 

responsible for the species-specificity of the erythrocyte 

anti gens, t h e h ereditary nature of whic h h a s a lso been firmly 

est abli s hed by these authors. 

A recent paper by Cumley a nd Irwin (1 943) stat e s t ha t 

it has been p ossible to show individua l an ti g enic differences 

wit h in the serum of a sing le s p ecies b y injecting human serum 

into r abbits. These differences are n o t obviously correlated 

with blood types, t hemselves a n additional demonstration of 

the fact that individua l as well as specif ic variations e xist 

in serum proteins just as in all other biological propert ies 

of organisms. 

A last case should be cited as the most convincing 

evide nce that the complement ing act iv ity of serum p r oteins is 

under genie control and therefore as subject to the influences 

of mutation and selection as any other heritable character. 

This is the occurrence of t h e c omp lement - deficient guine a pig , 

esta blished a s a strain by Downing and first reported by Moore 

in 1 919 a s being caused by a simple, recessive mutation that 

redu ced the complementing p ower of the h omozygotes to 1/100 

of normal , besides affecting them in other ways. Although 

the stock was once represented b y hundreds of individuals, it 

has since b een lost a nd f urther wor k with it has b ec om e i m­

possible . However, several thing s were learned from it a nd 

these will b e r evie wed i n a l a ter section . 

q 



In summar izing , it may be said that the evidence pre­

sented above would seem to establish with great probability 

the fact tha t the differ en ces in the complementing activity of 

the different sera that are to be discussed are genetically 

determined and therefore products of evolutionary a ctivity, 

a fact tha t will ev en tually b e of value in drawin g the final 

c onclusi ons as t o the orig in and function of complement. 

/0. 



I I 

II. Accounts ~f t hQ Comp leme nt of Var ious Species Represent-

the Five Classes of Vertebrates. 

A. Mammalia 

Introduction 

The guinea pig will be presented first and in some de­

tail as it is the form from which most of our knowledge of 

complement has been derived. In order to f acilitate comparison, 

the various points of interest will be discussed under sub­

headings that will be repeated as f a r as possible for the dif­

ferent species to follow. As the chief objective of this 

section is a comparative study, only those points that bear 

upon this objective will be taken up here, and other points, 

such as the relation of complement to prothrombin, the history 

of its discovery, its origin in the body and so on will be 

omitted. The more pertinent of these will be discussed in 

later sections and should further information than this be 

desired, the reader is referred to the work of Osborn (1937), 

and of Ecker and Pillemer (1942). 

Unless otherwise mentioned, the various data presented 

in this section refer to the hemolytic effects of complement. 

In the case of the guinea pig, the procedure followed by most 

investigators has been to use a s a line suspension of sheep 

erythrocytes sensitized with from one to four hemolytic doses 

of rabbit antibody as test antigen for hemolytic activity. 

The final dilution of the guinea pig serum used in fraction­

ation experiments has usually been one part of serum to ten 

of physiological saline, although in some cases I have used 



dilutions as low as one to two. Experimental details will be 

presented with the text in whatever summarized form tha_t seems 

necessary, and in the appendix in original form along with the 

descriptions of the various techniques usedo 

The Guinea Pig (Q~via porcellus) 

General comments: The complement of this species, as 

said before, has been studied so extensively that it must be 

taken as an arbitrary standard. with which other forms are to 

be compared. The complementing power of the fresh serum is 

known to be due to at least four distinct components that are 

identified by the specific ways in which they can be inacti­

vated or separated. The existence of other comp onents has been 

claimed, but the s e claims h ave, to date, been based up on in­

sufficient evidence (Ecker a nd Pillemer 1942). The technique 

of demonstratin g the components known at present has been to 

inactivate samples of the same serum in two or more specific 

ways, as for example by heating and by tre 8 ting v:i th yeast, 

and then to mix these inactive samples and show that the mix­

ture has hemolytic activity. It is important to realize that 

one must consider the specificity of &ny one technique as 

relative in that, while it will remove one component more or 

less completely, the remaining components are apt to be affect-

ed to some degree. This partially accounts for the fact that 

recombined fractions usually have lost from one fourth to one 

half of their original activity. However, in properly con­

ducted experiments, this non-specific i nactivation is of little 

consequence for it is usually slight in comparison with the 



specific effects. To date very little work has been done in 

clarifying the role of these non-specific effects, but even­

tua lly it may be possible to overcome them by refining the 

various techniques. 

I /') 
I :J . 

The terminology tha t has recently been proposed for the 

four components by Pillemer and Ecker (1941) and that is also 

used by Heidelberger will be employed below. The new terms are 

designed to replace previous ones long in use, but ~eld by these 

authorities to be misleading as to the true nature of the su~ 

stan ces involved. They do have the advan t ages of simplicity 

and uniformity, especi a lly when using t abula ted data . 

Qharact~tic Properties of the Components 

0 1 1 (fo:£~~lr called the ?1id~~ce, mid-stuk, ~£ glob-

ulin fracti on of compleme nt and discovered El Ferra ta, 1907): 

This fraction of compleme nt is characterized by be ing essoci-

ated with those serum globul ins that are pre cipitated by the 

carb on-dioxide, hydrochloric acid, distilled water or other 

specific treatments of whole serum (see Ecker and Pillemer 

1942 , and appendix of this thesis for details). It is further 

characterized by being more heat labile t han the t h ird and fourth 

components, losing its activity when heated to fifty-four de­

grees for thirty minutes. It also lo os es its activity when 

kept in physio logical saline for a few hours, a lthough remain-

ing a ctive for severel days if kep t suspended i n distilled water 

(Ec ke r and Pillemer , 1942). 

The results of many workers agree in confirming the fact 

that this fraction must combine first with the antigen-antibody 
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complex, if comp lementary activity is to be demonstrated 

(Osborn 1937). 'C 1 2 (end-piece) wYll combine in its absence, 

but the subseouent addition of 0 1 1 will not result in hemoly­

sis. It is also most generally agreed that, within certain 

limits, optimum hemolysis or fixation is obtained when 0 1 1 

and C1 2 are present in equal amounts, an excess of one or the 

other inhibiting the reaction to some extent. 

Recently Pillemer, Ecker, Oyt_cley and Cohn (1941) have 

obtained C'l as wel l as C1 2 and 0 1 4 in a highly purified state 
I J 

and their findin gs are to be seen summarized in table 1 .. 

This table is largely self-explanitory; however, it is inter­

esting to note in pass ing that the definite characteriza tion 

of these components should be a final blow to those who have 

contended tha t comp lementary activity is due, not to specific 

serum proteins, but to a specific physical sta te of normal 

serum. 

~g (former1:1 calle3 th~ end-piece, end-stuk .2! albumin 

fraction of .£,2~1r2lemen,! a nd discovered bLF~rata 19.Q,Z): This 

component differs from 0 1 1 in t ha t it is a s soci a ted with t ho se 

serum proteins tha t are not precipita ted by the va rious tech­

niques noted under 0 1 1, and tha t it remains stable in physio­

logical s a line for severa l days. Like 0 1 1 it is inactiva ted 

when heated at fifty-four degrees for thirty minutes. 

As po i nted out above , while 0 1 2 is capable of being 

fixed by the anti gen-antibody c omp lex in t he absence of C'l, 

he mo lysie will occur only if C'l has been f ixed first. 

This second comp onent of comple ment has been s hown 

(table 1.) to be intima tely associated with C1 4 and present 



Table 1 . 

Characterization of the Mid-Piece and the End-Piece 

and the Fourth Component of Complement.(table from 

Pillemer, Ecker,Oncley,and Cohen 1941.) 

Electrophoretic 

Elec~rophoretic mobility. 
x 10 ,pH7.7;ionic strength 
0 .20. 

% protein nitrogen. 

% total serum protein. 

% carbohydrate. 

% phosphorus. 

[o<]25°c. 

Apparent iso-electric 
point. 

% Original complementary 
activity. 

Heat stability. 

Euglobulin 
(mid-piece) 

16.3 

0.72 

2.7 

< 0.1 

-28.7 

·100. 

Destroyed 
at 50 °C. for 

30 minutes. 

Muco-euglobulin 
(end-piece and 
fourth component.) 

4.2 

14.2 

0.17 

10.3 

~ 0.1 

-19 2.5 

6.3-6.4 

85. 

End-piece 
destroyed a.t 5cl C. 
for 30 minutes; 
fouth component 
at 6 6 C . for 30 
minutes. 



evide nc e s uggests t hat it acts a s a carrier of this fourth c om­

ponent, which is relatively more heat stable and is held to 

be a carbohydra te complex of the end-piece. 

Note .212 th~ heat lability of C'l ~S C1 2: Although it 

is generally agreed that a tempera ture of f:ifty-four to fifty-

six degrees will inactivate C'l and C'2 long before it will 

0 1 3 and 0 1 4, severa l au thors have claimed that i n untreated 

serum C'l is often more resist an t to heat than 0 1 2. Th is has 

been mos t extens ively discussed by Pars ons (1926), who concludes 

tpat these reports ar e erroneous or, at best, tha t di ff erent 

samples of serum vary greatly in t h is respect. Since t hen it 

has been general l y assumed t hat heat inD.c tiva ted whole serum has 

lost both C'l and C'2. Howeve~, my own work on frog serum sug­

gests that a re-investi gation of this problem in guine a p i g 

s~erum would be. desir ab le, f or it has shown that one component 

actually is more resistant than the other in whole serum and 

this resistance is lowered by comp lement 11 splitting 11 with 

carbon dioxide. 

0 1 3 (former.!r known as the third component of complement -- --- --- -- ------
and discovered £1. ~ pung~ 1900): This component of com­

plement is specifica lly inactiva ted by an insoluable carbo­

hydrate present i n yeast (Pillemer and Ecker, 1941), by cobra 

ven om , and certain bac teri a (Coca 1914). The usual method of 

ina ctiva ti on now e mp l oyed is to add t he proper amoun t of zymin 

(see section on technique in the app endi x) to the whole serum 

and then, after two and a half hours, to centrifuge this off, 

adjust•the pH and dilute with s a line to the prope r concen­

tration. There is some evidence that the yeast and cobra 



venom do not a ct in exactl y t h e s ame way for it is reported 

(C oca 1914) that occasionally fractions obtained by these t wo 

methods will reactivate e a c h cither when mixed. A de t a iled 

inve stiga tion of t h is point is yet to be made. 

Whil e the third component is often found to be l argely 

precipi t ated along wi t h C 1 l during complement splitti ng , no 

preci se prediction s can be made on this p o i nt and, in any c ase 

where it is i mportan t, one must de t e rmi ne t he rela tive amounts 

of C1 3 associated with C'l and C1 2 experimentally. 

The third c omponent is relatively heat stable, losing 

on l y a little activit y during the he a t i nactiva tion of t h e 

C'l and C 1 2 frac t io n s , or of whole s e rum , a nd in t h is respect 

it is simi lar t o the f ourth c omponent . I n spite of t h i s rela ­

tive he a t st ab ility , both Ecker a nd Osborn report that i t is 

t he first comp onent to lose its act i vity in serum tha t is a l­

l owed to stand f or a few da ys . Howev er, as the oth er com­

ponents also undergo v a rious chan ges in such serum, t h is meth od 

of i n a ctivation is not s p ecific enough to b e of any grea t v a lue 

in t h e fr a cti onation of complement. 

There is general agreement that very li ttl e if any of 

t h i s c omponen t ls a ctua lly fixed or used up during a c omple­

ment i ng reaction (Osborn -1 937), suggesting in a gener a l s e nse 

(Pillemer, Seifter, Chu and Ec ker 1 942 ) a c a tal ytic role for 

this factor. However, mor e work will be necessa ry before such 

a cha racterization can be def i ni t e ly ascr i bed to C 1 3. At pre­

sent l t has no t been possible t o obta in it i 't1 a p ure enough 

state to study i ts physico-chemical properties . 

It may be definitely sta ted, however, t h at the third 

16. 



componen t is non-di alyzable agains t distilled water, tha t it 

is i nac tiva ted by he a ting a t sixty-two degrees for thirty mi~ 

utes, and tha t zymin inac tiva ted serum sh owed an electrophor­

etic di s turbance of its alpha-globulins, a ccompanied by a 

sli ght increase of the mobilities of t he remaining se r um pr o­

tei ns . Attempts are now in progress in Ecker' s labora t or·y to 

obtain C1 3 i n pure state by absorption with purified yeast 

carbohydrate and subsequent elution. 

Note on a 11
~~11 phenomen on : It is of interest tha t 

t he eerlier dis covery (Whitehe ad, Gordon and Wormall, 1925 ) 

that an excess of zymin during a ttemp ted i nactivati on le aves 

the serum a s a ctive as before has been confirmed i n this labor­

atory not only for the guinea p i g , but for the carp as well. 

C1 4 (former ly called fourth comp one_Q_! and di scovered 
Whd- e ~ecd 

£1 Gordon, ...R-00.i-ns-0-r-i and Wo rma ll i n 1926 ): This most re ce nt l y 

disc overe d componen t is peculiar i n that it is specifically 

inactiva ted through the agency of dilute ammonia which, when 

added in t he proper proporti on s t o who le s er um , brings abou t 

its effect i n t wo hours or less a t t hirty-seven de gre es . In 

rela ti on to the af fi ni t y of C1 3 for ~obra venom, t he demon­

stration tha t viper venom will specifically i nac tivate C1 4 

is of i nterest (se e Takano 1936 for fu r t he r references). Also 

of int eres t is t he wor k of Tyler (1 942 ) showl ng t ha t t he pro­

tei n f ertilizin, obtained fr om sea urchin eggs, wil l sp ecific­

ally inactiva te C1 4 and that serum conta ini ng C1 4 will aggl uti­

nate the se e ggs. Thi s work will be discussed i n more det ail 

in a l a ter section. 

Present evidence would seem to indicate t ha t C' 4 

;7 ' , 



repres ents a c arbohydrate complex c a rried by C 1 2, and that 

these two components e.re part of the s a me mo lecule. Th is lat­

ter conclusion can best be s e en fro ~ t h e da t a in t able 1. , 

while the forme r is reached by Pillemer, Seifter a n d Ec ker 

(1941 ) on t he basis of studies of t h e effect of a mino com­

pounds on t h e fo ur th c ompone n t. 

Li ke C 1 3, t h is l a st compon e n t is heat stable relative , 

to C 1 1 an d C 1 2, a temp erature of sixty-five de grees f or t h irty 

minutes b e i ng required to i na ctiva te it c omp letely. 

8-



The Hu□an 

Gen er a l c omment s : The pr es enc e of c omple ~e ~t in man 

is well e s t G.b liE hed , r1.l t h ough s ur pr isin gl y little wor k ha s 

bee n do ne up on t h is s ubject. One of t h e mos t well- known ob-

s e r va ti ons on t h is p oi n t is t ha t f r e sh s erum a nd cel l s of t he 

ap:J r op r i v. t e b l ood gr oup t y :' e s often, b u t n ot a lways, show the 

phe nomen on of isohe mo l ysis, an d t he need f or i nac tivati ng s uch 

fresh serum has been p oi nted out in the st a ndard te~ts on blood 

groupi ng . Isohemolysis wa s first observed by IVIar a gha.no ( 1892), 

but more det a iled inf or mati on has been s upp li ed b y Willi ams 

(192 0 ). He show ed t ha t is ohemolysis never occur s in t he 2.b­

s ence of t he pr oper is oaggl uti ni ns a nd t ha t t here seems t o b e 

no go od c or r ela tion betwee n the occurrence of hemolysis and 

the amount of agglutinin present, although, even i n ca ses of 

no he molysis, one ca n usue lly obt a in it by increasing t he amount 

of t he sp ecific serum emp loyed. Further da t a on isohe mo l ysis 

is t o be found in the papers of Thomsen and Thisted (1928a and 

b), who confirmed the presence of human comp lement and its 

action upon human red cells Sansitized with the ap _o ropriate 

isoagglutinin. 

The phen omenon of isohemolysis was observed in Dr. 

Emers on's laboratory where several individua l susp enei ons of 

type A cells were treated with several type O sera. The re­

sults va ried from none to comp lete hemolysis and did not seem 

to be correla ted with the a gglutinating titer of the O sera , 

although t h is l a st ? □ int is not certa in a s only six combina tions 

were made. 

In sp ite of the gre a t amount of wor k on t he blood groups, 



I v,·E;s una_c le t o fin d any more information on is ohemolysis than 

tha t g iven ab ove, other than t he statem e~ t tha t it is of t en 

f ound tha t s pecies will no t l y se their own cells (Osborn 1937, 

Zinsse r , Enders and F othe rgil l 1939), to which human s seem to 

b e one of the exceptions. 

_'.£he _£.S2~2__Q~ts: While it is p r oba,b le t ha t some of the 

earliest papers on comp lement sp litting include experiments 

on human c omp lement, it can be safely s a id tha t no one has 

completed a successful analysis of the components of human 

comp lement since the discovery of t h e f ourth c omponent in the 

guinea pig in 1926, the work of He g edus and Greiner (1938 ) 

notwithstanding. Such work as was done before then is dif­

ficult to find and in ge nera l lacks details of v a lue t o t h is 

study. The only direct refere nce to an attempted demonstration 

of C 1 1 and C '2 in human c omp le men t tha_t I can supply is t o the 

work of Mac k ie (1920), who found that, a fter t h e fraction a tion 

of human serum with ammonium sulphate, the globulins contained 

all t h e activity. However, it h a s since b een s h own by Ecker 

and Pillemer (1942) tha t this method is not a reliable one for 

separ a ting c omponents i n guinea p i g s e rum. 

That human serum c a,n be in a_ctiv 2_ t ed by heating in the 

same way that guinea p i g can has been sh0wn by Thomsen and 

Thisted (1928a and b), Kolmer (191 9 ) and many others. That it 

still ret~i ~ s heat stab le parts is shown by Hyde 1 s (1932 ) 

demonstr a ti on t ha t he a ted, but not zymin treated, human serum 

will re a ctiva te t h e serum of co~p lemen t deficient gui n e a p i gs , 

and b y the work of Jonas (1913), both of whose findings un­

fortunately do not account for t h e possibility of fourth 



component being involved. 

It is worth pointing out that in 1928 Hyde obtained an 
A.. 

active complement from a hemoph/J-iac which supports the view 

of the relative independence of the clotting and complementing 

powers of the blood. 

/; I 
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Human complement is generally believed to exist in rather 

low titer, but as most of the evidence for this has been ob­

tained indirectly from observations on isohemolysis, more should 

be done with other systems of antigen a nd amboceptor before de­

finite conclusions can be drawn. The recent work of Heidel­

berger and Mayer (1942) would indicate that in the proper sys­

tem human complement may have a titer as high as that of guinea 

pigs. Of course, all comparisons of this sort are quite arti­

ficial, depending as they do upon the type of complementing 

activity being studied, as well as upon several other factors 

which will be discussed in detail in another section. In sum­

marizing, one is forced to conclude fro m av a ilable material 

that, while he a t labile and heat stable components compara.ble 

in degree of stabili t y to those in the guinea pig are ta be 

found in human complement, these have not been correlated to 

any certainty with their possible counterparts in the guinea 

pig, and that surprisingly little is known of this important 

property of human serum. 

Other Mammals 

General comments: Zinsser, Enders and Fothergill (1939) 

state that 11 there is, after all, much similarity between the 

alexins of different anime.ls 11 a.nd cite the work of Ritz and 

Sachs (1912) and of Marks (1910-11) on the cross-activation 



l c/:: f!;)_ • ·t 

of C'\\and C 1 2"in various species of mammals. While this is 

probably true, the fact rema.ins that no comparison apparently 

has been made that involves the identification of the four cm­

ponents possibly present in other mammals. The work that has 

been done has consisted almost entirely of the activation of 

the antibody, natural or induced, of one species with the co~ 

plement of another and this in itself has shown that all the 

mammals studied had complementing powers in their sera which 

would work with some amboceptors and not with others. However, 

this work involving cross-activations will be considered under 

a separate section and it must be concluded here that no direct 

comparative data are available for mammals other than the gui-

nea, fJig. 



B. Aves 

General Comments: Several kinds of birds have been 

shown to possess natural hemolysins for the red cells of other 

species, a case in point being the chicken which can, among 

others, lyse the red cells of the sheep and the rabbit. (See 

Hyde and Ba iley, 1922.) This ability has been shown to be due 

to the action of agglutinative antibodies and a complement de­

stroyed by heating (Hyde 1921). Aside from the inter-specific 

reactivations to be taken up later on ;1 work on bird comple­

ment does not seem to have been extensive, although one should 

cite the work of Ehrlich and Morgenroth (1901) as showing the 

presence of complement in the goose and 9i geon. It is inter­

esting t o note that these a uthors were oble to pr oduce a n art~ 

ficial anti- ox r ed cell se r um in the ~oose, a s Muir (1911-14) 

wa.s a lso ab le to do in tr1e duck. 

Th~ .2,~onents: Hyde (1921) has shown t hat ch icken 

serum ca n b e ina ctiva ted b y he a tin S?; to or ab ove fifty-thre e 

de grees for thirty minutes, but beyond t his no one s eems to 

have wor ke d on t te c omoonen t s ss such , th e l i tt l e work t hat 

ha s been d one bei ng c on c er ned with cross-activa ti on s bet~een 

di ffer en t s pecies. 



C. Rei:::tili8. 
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General comments: Much work has been done on the prob-

lem of snake poisons Rnd in this connection the complement of 

the victim seems to play an important role. However, the 

situation is complicated by an effect of lecithin and a mul­

tiplicity of toxic factors in any one venom and for the present 

had best be considered as a problem beyond the scope of this 

. paper, especia.lly as Flexner and Noguchi (!90'l-'3) have shown 

that venom itself lacks complement. 

The presence of natura l hemolyeins in the sera of dif­

ferent reptiles was demonstrated as early as 1913 by Ma zzetti, 

these being directed against mammalian and other types of ery­

throcytes. These hemolysins were thermolabile and wei-·e shown 
( u ' " 1i Cl·r( i; 1 

in one case at least to be due to amboceptor . and a heat labile 
/, 

complement. Of interest is the observation that hemolysis was 

brought about by these sera as readily at fifteen degrees as 

at thirty-seven. 

More recently, Bond and Sherwood (1939) have reported 

that the normal serum of various species of snakes is fre­

quently hemolytic for the red cells of man, the sheep,, the 

rabbit and the guinea pig . In their experiments they used 

sheep cells sensitized with rabbit antibody, as well as un­

sensitized cells, and the sensitized cells were found to be 

hemolized to a higher degree than the unsensitized ones by 

everyone of thirty-eight different sera taken fr9m eight 

genera of snakes. This not only showed the presence of an 

active complement, but also that it was capable of working with 

rabbit 
( o,.:r,.t~ Jc) 

ambocep tor~. Further proof of the existence of complement 



was given by adding n on-he molyticsm~ke serum to h em ol ytic 

serum that had been inactivated by heating a nd thus obtain-

ing a hemolytic mixture . Th is was als o attemp t ed usin g guinea 

p i g compler:1ent, but without success . Other experiments showed 

t h a t not only wa s t he titer of sna ke comp lement acting a ga inst 

r2,bb i t s e nsi tiz. 1, d sheep cells c omps.r s.ble t 0 tho t of gui ne a 

p i g , but th2 tsm a ~e c0mple~en t wa s fixed abo u t as well a s guinea 

p i g i n t h e c omb ina ti on of r a bb it an ti - ~almone lla s e r um with 

its e nti gen, a nd a ls o b y the Kolm e r a nti g en syphi litic r eagin 

Further p a.ra.llels between smake and quinea p i g c omp le ment 

are th2.t both dete ri ora.te Et comparab l e rates up on standing, 

and t hats~a ke s erum is ina ctiva ted i ~ five minutes if heated 

to fifty-six de grees . 

One should note that turtle and lizard com plements ap-

parently can not use r abbit antib odies ( ' 1 Affi a KO 1912, Mazzet ti 

1913) although the frog can as will be seen later. 

T~e c omponents : ~nako (1912) was a b le t o split turtle 

complemen t into mid and end pieces by globulin precipitation 

and this is the only evidence known to me of C'l a nd C'2 com­

ponents possibly being presen t in reptilian serum. 

The heat l abi le constituents of$make serum (species?) 

were shown by Mazzetti to be completely destroyed by heating 

to fift y degrees for thirt y mi nut es , but to resist a forty­

fiv e de gree temperature for the same l ength of time. 

Bond and Sherwood found that thesmake sera the y used 

was inactivated in five minutes at f i ft y-six degrees. The pos­

sib l e presence of C 1 3 i n snake serum is suggested by t heir 



disc overy that such serum loses its activity at about the s ame 

rate that guinea pig serum does when standing, this loss being 

generally attributed in the latter serum to t he relatively 

rapid deteriora tion of this comp onent. 



D. Am,)hi bia 

General comments: As in other classes, the serum of 

members of this class wa s long known to c ontain hemolysins 

for many kinds of erythrocytes. One of the first forms to be 

investigated in this respect was the fro g (Lazar 1904, Lief­

mann 1911, Frankel 1911) and f or a while some a rgument existed 

as to whether the action of t his serum was due to antibody and 

comp lement, or to some non-immunological factor. The work of 

Mazzetti (1913) decided the point in favor of the former idea. 
I 

Among other findings of Mazzetti was that frog comp lement work­

ed with rabbit antibodies [9.gainst calf cells and as rapidly 

at fifteen as a t thirty-seven degrees. This hB.S been confirmed 

by Reiner a nd Strilich (1929), who give, in addition, extensive 

.data showing that Wasserman tests on the same sera were close~ 

parallel whether run at eighteen degrees with frog complement, 

or in the usual way with guinea pig complement. 

In t h e ligh t of these results, the early observation 

(Friedberger and Seelig 1908) that an antitoxin against the 

frog hemolysin could be made in rabbits is probably best ex­

plained a s due to the fixa tion of frog complement rather thru1 

to a true toxin-antitoxin reaction. 

As in other groups of animals there seems to be no 

obvious rules regarding complementing activity for Amako (1912) 
,. · ,.,,_.,~, ! c-ci.v \ 
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was not able to activate rabbit ambocepto~ with toad complement. 

The existence of natural hemolysins for fish, rabbit, 

sheep and even man (in contrast to the report of Allen and Mc 

Daniel 1937) in frog serum, as well as the action of frog 



comple ment with r abbit a ntibodies and the temp era ture effect, 

has bBen confirmed in the present studies. 

The 2.£0Eonents in Species Othe£ Tha~ ~b~ Frog 

The he a t ina ctivation of toad serum has been studied 

by Mazzetti (1913) and found to t a ke p lace a t forty de grees 

in thirty minutes, but not at thirty-five degrees for the same 

length of time. Amako .in 1912 reports the splitting of toad 
' -C'?) ( - CO -

serum into mid and end oiece§ a nd that heated toad serum could /. t, -

be reactivated by turtle complement (and vice versa) showing 

that comp lement an d a mboceptor both occur i n this species. 

Lazar (1904) found that frog serum was inactiva ted by heatin g 

to from forty-t wo degrees to forty-five degrees and that above 

this temperature the natural frog antibody wa s destroyed. 

_:;: h e Fr_£g (Ra~.§: ca te s/biana) 

General comments: The ability of this species to acti­

VG.te r abbit a ntibody, in ad d ition to its larg e size, ma ke s it 

a convenient amphibian for study and it was therefore selected 

for a relatively i n tensive comparison with the guinea pig . Un-

less otherwise credited, the wor k on this form wa s done for 

t h e p resent t h esis a nd is here reported for t h e first time. 

All tests of complementary activity were carried out on sheep 

red cells sensitized with abo u t two units of pooled rabbit 

amboceptor, the same pool of serum being used throughout. 

Frogs were bled from the heart and their serum separated and 

used either p ooled or individually and within an hour of bleed­

ing (see appendix for details of technique). 



A comparison of t he t it ers of fro ~ a nd guine a p i g co~ple­

men t, a s wel 1 2,_s of carp, has been made at three di ff eren t temp­

erature s (t ab le l,) and from it one can see the gen er a l na ture 

of the differ ences t hat occur among th e species in this respe ct. 

In the work on fro g como onertts , t he tempera ture at which a ny 

experi :nen t wa s run has b een ~: i ven on the dnta sheets. In order 

t o avo id unnecessa.ry r ep etition, a minimum of t a.bles v: ill be 

presented with the text, these being either summaries or select­

ed examples of confirmed exp eriments . However, the re e.der is 

referred to the a~Jpendix where much of t he ori ginal a.a.ta is 

presented if he desires further detail. 

Th e componen ts: The terminology applied v,ill correspc:n a. 

to t ha t used for t he guine a pi g and is based upon simil&rities 

in the specific techniques of inactivation. 

~l (a l so demonstrated by Liefmarm , 1911 , and by Fra.nke l 

1911): The tre atmen t of normal fro g serum with ca r h on dioxide 

split it into two fractions, a s re gards comp lementa r y activit~ 

one of t hese b eing in the pre cipi ta.te, the other in t2.1e super­

natant. These fractions we re inac tive in themselves a t dil­

utions of one t o t en , bu t were hemolytic when recombined 

(table~-). Like guinea p ig C'l, the precipitated fraction 

was heat labile, being inactivated by heating at fort y-seven 

degrees for t wenty-five minutes, and lost its hemolytic proper­

ties with i n a f ew hours when suspended in saline. The pre­

cip itate in which it occurred was finer and more soluble in 

s al ine than that of the guinea pi g , although apparently equi­

valent t o it in amoun t. 

'; i 
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Tal, le :t. 
A Com~ar ison of the Activity of CArp, Frog Rnd Guine0 Pig 

Complements .s t JJ ifferent Tem)erl': t ure s . 

of r ahhit cell s nens iti zA (i. ·;rit}, the n a turc-, 1 an tiho d. ies 

present in bro t en ths cc. of se r i a l dilutions of the s erum 

of one fish. 

Hemolytic System: One tenth cc. of a t wo -1)er ce n t sus_i)ension 

of she e1) cells sens iti zP-d. with t 'vo u ni t s of r a bl1it :., n tibocly 

and compler,:ented with 1Jooled fro g se ru...111. 



Table ~. • ( Continued. ) 

Guinea. Pig_ •. 

Hemolytic System: The same as that used for the frog, except 



Table 3. 

~Q.Qm12aris,2n of the Com,)onents in th~ Serum of One Frogo 

Test Antigen: one tenth cc. oi' a two-percent suspension 

of sheep cells sensitized with rabbit antibody. 

Abreviations and their corresponding serum fractions: 

M and E : : "globulin "and "albumin "fractions sepe..rated 
by the carbon dioxide method.(M contains 
C1 I ;E contains C'2,C'3 and C'4.) Diluted 

l~h and 

I z and 

HI and 

hone to ten with saline. 
E :; the above fraction s heated at 47 for 25 

minutes. 
2 

Z : ; two samples of 1.vhole serur.1 trea,ted with 
zymin for 60 and 30 Binutes a t room 

, temyeratureand diluted one to five. 
i2:: . t wo sarn:ples of ,vhole serum heated for ~:5 

minutes at 47 and a t 49-50 deg rees and 
diluted one to five. 

A : : serum inactivated with ammonia n1d diluted 
one to five. 



It wa~ found possible to split fro g complement using 

half the amount of distilled water ordinarily emp loyed, t h is 

resulting in a one t o five diluti on r a ther than a one to ten. 

However, while the fractions seemed t o behave a s well a t this 

dilution -as a t the higher one, it was subsequently shown that 

one could be less certain of obtaining a non-hemolytic super­

nat an t at t h is ~reater c on ce n trati on and t he ref or e mo st of the 

experiments were c a rried out 1o:i t h mid a nd end p iece diluted 

one to ten, a s in the guinea. p ig. 

C1 2 ( a lso d. em onstre.ted by Liefwe.nn , 1811, an d Frankel, 

1 911): The sup ernatan t r emaini ng fr om the carbon d ioxide 

tre a t ment, whi le rela tive l y hea t l ab ile (f ort y- n in e t o fift y 

de grees) a s in t h e gu ine a p i g , was f ound t o r e sist heating to 

a gre a ter de g ree than C 1 l, particularly when heated in other­

wise untreated serum (table 3. ). This resist an ce wa s f ound to 

be s o,:-,i ewhat vari a b le so t hat, while the relative stab ility of 

C 1 2 can b e a ssumed to be c orrect, the p recise temperatures a t 

which the ina ctiva tions occur vary among different sera. How­

ever, forty-seven de g rees for twenty-five minutes se~m to ha ve 

been the closest t o the critical po int of differentiation be­

tween C 1 1 and C 1 2 in the t e sts made. 

0 1 3: As in the guinea p i g , serum heated sufficien tly 

to inactivate C 1 l and C 1 2 was found t o c ontain still at least 

two constituents necess a ry to hemolytic activity. The first 

of these p roved to resemble C 1 3 in that it was specifically 

inactivated by zymin. Th e s p ecificity of this inactivation 

was found to be highest when zymin was used in the same pro­

portions as in the guinea pig, but only allowed to act for one 

I,';'\ 
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hour and at room temperature. In at least one case, inacti­

vation resulted after treating for half a n hour. Similarly to 

the guinea pig, it was found difficult to reactivate the zymin 

fraction, sometimes with heated serum, s ome times with ammonia 

trea_ted serum, sometimes with both. While this s:1ggests some 

variation in the heat stability of C1 3, and s ome non-specific 

effects of zymin and ammonia, no careful analysis was made 

along these lines for the specificity of the treatment was 

ade quate for the purposes of comparison as can be seen in the 

tables in the appendix. 

A further resemblance to 0 1 3 of the guinea p ig is sug­

gested by one experiment indicating t ha t frog 0 1 3 is the first 

of the components to become inactive upon st a.nding. This point, 

however, should be further investigated before it can be con­

sidered as fully established. 

Where the C1 3 activity of C1 1 and 0 1 2 serum fracti ons 

was tested, as in t ab le 3. , only t he latter was found able to 

reactivate zymin inactiva ted serum. T~is is in c on trast t o 

the results usually observed for the guinea pig; however, there 

is no t enough data t o be sur e that t hi s is aP invariable rule 

and, even if so, its signif icance fr om a c ompar at ive poin t of 

vie w rema i ns t o b e determined. 

C1 4: An other relatively heat stab le constitue nt of 

fro g serum can be specif i ca lly i nactiva ted by ammonia when 

t he serum is tre a ted in t he s am e way as t hat of gu ine a p i g a~d 

is t heref ore referred t o the four t h component. The main dif­

ference betwee n t he two species i n t hi s respe ct is tha t, while 

one can inactiva te frog serum by tre a ting for ninety minutes, 



one must treat guine a p i g serum fo r t h irty to firt y-five min~es 

longe r. The mixture of heated and a mm onia inactiv a ted serum 

is a like in bo t h species in that it is usually t he mo st a ctive 

of t h e various r econl:ina ti on s. The re is one experi me n t to i n­

dicate t hat C 1 4 is r e l at i ve l y stab le in ag i ng serum . 

Li ke C 1 3, C 1 4 has a lway s been f ound assoc i a t ed ~i t h 

C 1 2 when fr og s erum has b e en frac t iona t ed by the carb on dioxide 

method (table ~-). 

S'.lmmary: As c a n be seen from t he above , the comp le-

men t a ry act ivit y of fr og serum can be s hown to depen d upon 

f our c omp onents wi t h p rope r ties sufficiently like t hose in 

the gu ine a p i g t o enable one t o c onside r them under the same 

specific nG.□es. Th ese c omp onents have b een s hown to reac tiva.te 

each o t her in ori g ina l dilutions a s high as one in ten f or C'l 

and C 1 2, and as h i ~h as one i n five f or C 1 3, C 1 4 and heated 

inactiva ted serum. Their further similarit y to gu i nea p i g 

comp lement is shown by their comb i ned ability to react with 

rabb i t an tibody in t h e same way . 



Gene ral Comments: Fishes a re no exc eption in hav ing 

sera very hemo l y tic for many kind s of erythr ocy t e s. I n f a ct, 

s ome of the earl ie st work on t oxi ns was upon t he hemo t oxi n of . 

e e l b lood and p r ote c tive a ntibodi es aga i nst it (Korsel, 1898). 

Other workers sub se quently have a tte mp ted to show t hat this 

he mo l ytic p r operty af fis h serum depends upon t he prese nce of 

na t ural antib ody an d comp lement, t he mo st rece nt paper being 

tha t of Nardi (1938). Nardi rev i ews t h e not too extensive 

earlier litera ture a nd says that t \l'rn l ines of thcmght o.re t o 

be distinguished , one tha t the active principles in fish sera 

is due to simp le hemotoxins and t he other tha t it is due to 

comp leme nt a nd ambocep t or . Wh ile he himself f avors the l a tt er 

vie w and attempts to prove it by cro s s-rea ctiva tions of heated 

eel (Anguilla vulgari s) and tench Cfihca ~ulgaris) sera, his 

results, vrhile p ositive , a re not a de que_te l y c ontro l led s.nd 

t herefore a re open t o some ques ti on . However, it wou l d s eem 

pr obable t ha t he did reactiv a te hea t ed e e l serum with non-

he mo l y tic t en ch s er um and t hus de mo ns t rat e t he presence of an 

ambo cep tor c omp lement c or:ip lex in fish. 

The s e r e s ul ts are s uppor ted by t he work i n t his l ab or a­

t ory , v:he r e i t ha s bee n p os s i t le t o i.nduc e a rtificia l anti­

bod ies in ca r p aga inst sheep er ythr ocyte s a nd , usi ng cells 

sen s iti ze d with these, t o show t h e pres ence of he mo l y tic c omp ~-

ment in this species . I n addition , it has b een possib le to 

show he mo l ysis of t he cells of dif fe r en t species t ha t we re 

ag~ l u tina te d by t he na tural an tibodies p r e se nt i n hea ted ca r p 



sera by a dd ing non - hemolyt ic dilutions of unhe ated c a r p se r a . 

So f 8r it h as n o t been poss i b l e t o act iva te rabbit a ntibody 

with c arp c ompl ement , a result confirming t ha t of Nardi . 

Of interest, in c ontras t to human is ohemo l y sis, i s the 

f ac t tha.t, while both nat ur a l and induced c a r p antibodie s against 

carp and goldfi s h erythroc y t es hav e b ee n obtai ned , no hemolysis 

results even t jough c a rp complement is presen t. Th is c onf orms 

to t h e not i nvio l ate , bu t often quoted ru le, tha t one i ndivi-

dua l of a species will not l ys e t h e red cells of ano t her in­

dividual even though adequa t e amoun t s of compl e men t and a nti-

body a re p r e sen t (Osborn 1 937 ). Th e r e ason for t his is obs c ure 

a ltho ugh the work of Liefmann and Stutzer (1910) may be cited 

as havi ng some b e a ri ng on the point. They report t ha t nor ma l 

fresh she ep serum has a heat l ab ile ·c on stitue nt t ha t protects 

sensitized s h eep cells fro m guinea p i g c omplement. 

The Component s of Fish Other Than Caro ---
Th e heat labilit y of fis h serum has been known for s om e 

time , t he critica l t emperature , for instance, of ee l s erum 

b ei ng given by Nardi a s b e t wee n forty an d f ort y-two degrees . 

Howeve r, I kn ow of on ly one p r ev i ous a tte mp t to fr a cti onate 

eel co mp leme nt , this be i ng succ e ssf ully c a rried o~t by Lie fmann 

and Andrew (1 911). Th ese men demon stra te d t h e pr e sence of a 

g lobulin a nd a l bumin fracti on i n eel serum and c oncluded t ta t 

a decompo s ab le c omplement mus t b e p r e se nt. 

Ge nera l co~ment s: The fo l lowi ng determinat ions, un­

less otherwise credited , we re c a rri ed out a s oar t of t h is 



thesis. The complement used was ob t ained by bleeding ca r p 

fro m t he he ar t as ex) lained in t he appendi x , ex id w2..s used either 

pooled or i ndividually . The t ables prese nted in the text ar e 

selected as represent a tive of the materi a l the y portray and are 

suppor ted by t he da t a given in t he appendix . 

V'1hile ca r p have a r a ther 1-:igh titer comp lement, it is 

not p ossible to make as direct a c omparison with t he gu inea 

pig as it wa s i n t he cas e of t he frog . Thi s is because t wo 

different sets of cells and a ntibodies are involved and it is 

well known t ha t such comb inati on s vary gre a tly i n their hemo­

l ytic properties . However, it may be stated thot carp have 

an abunds.nt supp ly of c omp lement, a l though possibly not as 

much as do the other t ~o forms. 

The experiments on the components of carp complement 

were conducted on r abbit red cells, an d utilized t he n::,. tura l 

antibo dy ~re sen t in the va rious samples b eing tested . It is 

impor t a nt t o note t hat non e of the specific ina ctivations de­

stroye d this na t ural antibody, a fact t ha t was re adily ascer­

t ained by observing whether or no t such inactiva ted serum cou l d 

still agg lutina te r abbit cel ls . These antibodies were not p re­

cip it a ted by carbon di oxide, b ut t he precip itat e was n0t use-

f' , . 
... U.L lrl the experir.1ents a s will be seen. 

The c omoonents: 

a. Heat l abile. While it wa s foun d p ossible to 

distinguish he a t l ab ile and he a t stabile fractions of carp 

c omplement , i t not possib le t o se par a te the serum int o 

two parts wi t h the use of carbon di oxide . Th is wa s only tried 

twice, but the results, c:ts s een i n tab le '-1-. , were clea r cut and 



Sh ee tll, . (}?eb . 5 , 1943 ) " 

I nactiva ti~ns we re made a ccording to t he method s 
gi ~ en under tecp i Cl LC.e. 

The same a bb r evi a tio n s a ~)plied for fra ctions a s were 
used f or t hose of the frog ( shee t ). • 

RRbbit red cel l s sens i t i zed wih the na tura l ant ibo dy 
presen t in the fra cti ons WEre used ns t he te s t a n t i gen . 

Te :3ts wen, rlcJ,de a t ro om temj Jeratur e , al-1out t vren ty t 1r.r o deg r e es . 

One t enth c.c . . of a t vrn :percent s u spension of cell s 
used ih each tube , a ll fina l volume s three tenths of a c . c .. 

Ti t ers ; M s,nd E 1/10,, Z, A, e.nd H 1/ 5. 



showed that, while a globulin precipitate was obtained, all 

the hemolytic activity remained with the supernatant. It is 

36. 

my personal belief that proper, slight variations in technique, 

such as splitting by di a lysis, will show that C'l and C'2 are 

present and separable. In this I am supported by the work of 

Liefmann and Andrew (1911) who we re able to split eel serum 

into these two fractions, and also by the f a ct that even the 

best of technique sometimes leaves enough C'l in solution in 

guinea pig serum to result in a hemolytic supernatant. How­

ever, until this is done it is safer to think in terms of the 

heat labile fra,ction of carp complement and to realize that 

this may mean either C'l or C'2, both, or neither, in terms 

of the guinea pig. 

The best temperature at which to carry out the heat 

inactiva tion of carp serum is at fifty-three degrees for twent~ 

five minutes, fifty-six degrees being too drastic and lower 

temperatures or shorter times not always being sufficient. This 

temperature is about ten degrees higher than that reported by 

Natdi for eel serum, but as a similar range of variation exists 

between the toad and the frog, this difference would not seem 

to be of great significance. 

The partial activity of the combination of heated al­

bumin fraction and heated whole serum to be seen in table 4-. 

is not explained, but may involve inhibition or other obscure 

effects. This has only been observed once. 

b. The zymin ina ctivated fraction : Carp serum 

is specifically inactivated by zy~in, differing from the frog 



and guine a pig in tha t only on e sixth as much zymin, applied 

for thirty minutes at room te mperature, gives an optimum in­

activation. More drastic treatments than this result in a 

large amount of non-specific inactivation, unless a great ex­

cess of zymin is used when no appreciable inactivation takes 

place. While heated normal carp serum was able to reactivate 

zymin treated serum, the s ame reactivation was not obtained 

with heated albumin fraction; however, too much significance 

should not be placed upon this latter observa,tion for the 

same combina tion in frog serum, while acti~e, is quite a bit 

weaker than that of heated and zymin trea ted whole serum. 

Further, it is to b~ seen that the carbon dioxide tre a tment 

lowers the heat resistance of the end-piece and may well do 

so for C'3, and also that the heat resistance of C1 3 varies 

among the individual guinea pigs. 

Al though carp complement is similar to the other t 1.rn 

species in the rate at which it deteriorates with age, no data 

has yet been secured as to the relative rates at which its 

various components become inactive during this process. 

While the data show that carp comp lement possess a heat 

stable, zymin removable fraction, cauti on should be applied 

in considering it essentially like that of the frog or guinea 

pig until the nature of the heat labile fraction has been bet­

ter analyzed. Therefore, while the term C1 3 will be used as a 

·matter of convenience, the amount of implied homology stops 

with the facts. A further necessity for this will be seen in 

consideration of the inter-specific reactivations between the 



frog and the carp. 

c. 0 1 4, The technique of inactiva ting carp serum 

with ammonia is very like that employed against t he guinea 
50./n e 

pig_: an d t he fr og , in fact, t he proportion of ammonia to serum ; , -

is used and a t t he same temperature, the only difference being 

that an hour's treatment is sufficient f or inactiva ti on. Serum 

so tre a ted may be reactivated by heat or zymin ina ctiva ted se­

rum, demonstrati ng t hat, like ot her forms , this comp onent of 

carp complement is heat stable and distinct fr om 0'3. Other 

simi l arities wi t h the higher spe cies a re t o be s ee n in that 

the reactivation is usual l y mo st readily ob t a ined between the 

ammon i a and heat i nactiva ted fracti ons, and the C'4 activity 

is no t precipitate d upon carb on dioxide treatment. 

These facts show tha t it is re a s onab le t o consider t he 

ammoni a inactivate d comp onent of carp serum as comparable t o 

t he C'4 of the fro g and guine a p ig . It must still be remember­

ed, however , t ha t t he vali dity of t 1:is c ons iderati on is subj ect 

t o further work on the hea t l ab ile fraction . 

While it is probable fr om earlier work that 

two he e t l abi le componen ts exist i n carp serum , it has on l y 

been pos sibl e to demanetrate t hat carp c omp lement has one heat 

labile part; howeve r, two hea,t stci,ble components hav e al s o b een 

shown . Of t hese , Dne closely rese:-:~b le s t:.-,e C' 4 cor,,_ponen t in 

other for~s , the other t~e C1 3 c omponen t; t he l a tter c oncl~si on, 

however , being less se cure t han the former . 

The Com9le:-:ien t of Ela s mobranchs en§: Cyclost omes 

Whi le no t hing defi nite can be stated on t hi s subje ct, a 
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s~ tate r:1ent ·we. s made in K8_rsner e.nd Ec ker (1921) to the effect 

t ha t r ays an d lampreys have a toxic principle in t heir b lood 

similar to t hat found in eel serum. A similar reference ha s 

been made to shark serum by Ruedi ger an d Davis (1907) who re­

port a t hermolabile opsonin in dog-fish s er um. These t wo 

papers are of passing interest e.s the fis hes menti oned are the 

lowes t f or ms of ve rtebr a te life known to me ab out which a prob-

ab le refere nce t o t he pr e se nce 0f comp le :nent has been made. 

Comp lement i n t he Invertebrates 

No one ha s defi nitely demonstra ted t he p resence of hemo­

lytic complement in the invertebr a tes, bu t severa l observa tions 

have been made t ha t a r e of int ere s t -i n this connection. The 

most suggestive of these have been reviewed by Huff (1940) and 

consist of the statement of Cantacuzene that t he serum of the 

hermit crab (Eup agurus prideauxii), which is na turally hemo­

lytic for unsensitized sheep cells in low dllutions, will hemo­

lyze such cells in much hi gher diluti ons if t he y a re sensitized 

with anti-sheep serum (presumably from r abbits). Another state­

ment by t he s ame aut hor is t ha t t he arachn olysi n ob t a i ned from 

the eggs of Eperia di ade mata when i nactiv2. ted by heati ng t o 

sixt y-two de grees, can b e re activa ted by adding very sma ll 

a moun ts of non-lytic eggs fr om t he s ame or closely rela ted 

species. 

Tyler (1 942a) has recently shown t hat t he sp erm of t he 

ke y- ho le limpet (Uega t hur a. ) and of t he aba lone (JialiQ.1.J:iJ ) are 

associ a ted with proteinaceous lysins specific f or the membranes 

of their own eggs. These l ysins det eriora te with age and can 



be inactivated by heating to temperatures as low as forty-

four degrees, which process still leaves anti-fertilizin in­

tact. As anti-fertilizin is itself a highly specific protein 

found in sperm that, together with the fertilizin of eggs, 

shows many of t h e properties common to a ntigen-antibody com­

plexes, t h e analogy b etween the labile lysi n and comp lement ls 

strong , as Tyler has oointed out. 

Evidence of a more indirect sort for the presence of 

comple ment in the invertebra tes is the universa l occurrence of 

phagocytosis in all forms of ~nimals. It is well known that 

in t he vertebrates this phenomenon is often affec ted by the 

presence of c orap lemen t, and mammalian leuc ko c y tes have even 

been shown (Maltane r 1935) to contain a t least the 0 1 4 com­

ponent. With this in mind the p aper of Ruedi ge r and Davis 

(1907) is significant f or t h ey report t hat phagocytosis i n re­

presentative forms of the great groups of animals, down to and 

including t he echinoderms, seems t o depend large ly upon t h e 

presence of opsonins in their sera. The pap er includes such 

facts as t h e following: sea urchins will sensitize staphlo­

cocci f or phagocytosis by human sera, while lobsters, spider 

crabs, flounders an d o t ~er forms will not, and that the op­

sonin in Li mulus is thermo labi le. As t h is paper was written 

long a g o, one should not rely upon its evidence too heavily, 

It is, however, suggestive and particularly so since Tyler 

(unpublished) has shown tte _pre sence of many specific agglu­

tinins in lobster serum. 

In c oncluding this section , it should be p ointed out 

that in gene r al anticomplementary effects have received little 



attention, particu l ar l y ~s re gards their specificity, a lttough 

much mi ght be le arned fr om them. Such e ff ec ts as the removal 

of third component by certain b a cteria (Coc a 1914), as well 

as by cobra ven om and y e as t cells, the a cti on of zymin upon 

mid an d end piece, and t h e an tic omp lementary modification 

t hat mid-p iece and whole serum undergo upon sta ndin g (Osborn 

1937 ) are Just a few that s hould be i nvestiga ted an d correlated. 

Esp eci a lly pertinent to t h e p roblem of comp lement in 

the invertebrates is Tyler's (1942b) discovery of the anti­

comp lemen t a ry a ction of f ert ilizin. Fertilizin is a protein 

t hat occur s a t t he surface of se a urch in and other e gg s of 

man y marine invertebra tes an d is p eculiar in that it combines 

with a related subs t ance in the s p erms of t h ese species. 

Thi s c omb ina ti on is species-specific a nd, d epe nding 

up on the exper i ment a l conditions, c an result in s pe r n:. or e gg 

agg lutin~tion. In the a ttemp ted fixa ti on of guine a p i g com­

plement by this combination, Tyler f ound tha t fertilizi n speci­

fic a lly i n a ctiva tes C'4 of g uinea ?ig serum, t ha t an ti-ferti­

li zin a dde d to serum s o treate d c ause s re ac tiva ti on by 11 rele as­

ing 11 C 1 4, s. n o. t ha.t the f ourth c om:o one n t will EJ.g~ lutinate se a 

urchin e ggs. While it is not cleA r wha t ~ene ral significance 

c a n be a tta ched to a ll t hese findin gs , it is apparen t tha t 

more work on tte inv e rt ebr c1. tes is h i g h l y desira.b le f or deter­

mi ning further t h e oc curre nce and p r operties of c omp lement. 

A fin a l pape r may be cited a s rela ted t o t h is section, 

and t hat is by Adams (1 931) on an ant icomp lementa r y substance 

tha t was extra cted i n saline fr om t he salivary g l an ds an d mid-



intestine of the tsetse fly (Qlo~sina oal9-alis) . This sub­

stance was found to inactivate the hemolytic complement of 

mammalian, avian and reptilian sera i n vitro, and was assumed 

to be the cause of the rapid in vivo inactivation of such sera 

in flies. Correlated witr .. t his was the fa.ct that while gu t 

forms of several strains of Tryoanosoma gamb iense and T. rho-

desiense were soon killed by sera cont a ining hemo l ytic c omp le-

ment , t he s ~livary f orms were not, t ~is i mmun ity t e i ng a~ ob-

vlous necessity if the flagellate is t o enter an d live i~ t he 

blood of it e vertebrate host. The relation of this immunity 

t o the anticomp lementary factor in t he fly is not known, but 

it can be seen that the f a ctor prevents sterilization of the 

gut of the fly by vertebrate blood during feeding, which makes 

one wonder if other biting flies do not need to possess such 

factors in order to preserve their intestinal flora and f a una. 

Similarly one would like to know the relationship between 

complement and Trypanosoma hippicum which is transmitted througt 

the bite of t~e vampire bat (Allen 1940 ). 
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III. Inter-soecific Combinations of the Comoonents of Complement 

Introduction 

The part of the thesis immedi~tely preceeding this con­

tained a comparative survey of the present knowledge of the 

occurrence of complement and its composition in different species. 

It is apparent that, aside from the guinea pig, frog a nd carp, 

little work has been done upon the intra-specific inactivation 

of the various components of complement, and this includes even 

those of man. However, relatively mor~ comparative work has 

been published upon the cross-reactiva_tions among different 

species and it is upon this type of work that the various con­

clusions as to the presence, absence, amount and specificity 

of the com9onents in different species have been based almost 

exclusively. This part of t'he thesis proposes to review thi~ 

work and to present original data on the same subject. 

Inter-~ifl£ Reactions Between Wh~_le Complemen,! 

The most frequent tests of cross-activity am ong sp ecies 

have b ee n t he e ddition of t he norma l serum of one specie s to 

the he molytic, tu t he a t-inactiva ted s erum of an other. Al most 

inve.rlo_b:L y t ':le hee,t in&ctiv s.tion l:-1a E, b e en currted ou t 2c:. t fift y-

six degrees, whic~ leaves t he results sub ject to the unknown 

influence of he a t stable comJ □nents in the inactive serum as 

well as to tbe effects of he a ting upon t he natural antib ody 

where t his was involved. A good review of much of this work 

has been made by Zinsser, Enders and Fothergill (1939) and one 

can see from it that no J hylogentic deductions are possible, 
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there being no apparent regularity ab out the results. This 

is probably best illustra ted by t he report of Ehrlich and llor­

genroth (1901) that, while hen and goose complement would 

activa te rabbit antibody, pigeon would not, although it would 
( CJ,,;XJ,-1;c/ V j 
. .j 

work with go ose ambocepto~. Th is sug~ests some phylogentic 

correlation, but only until one tries to explain the additional 

facts that r a t, rabbit, and gu inea pig compleme nt also worked 

with goose 2n tibody. (Also that fro g complement works with 

rabbit amboceptor;,, while horse will not.) 

A further complica tion is introduced int o studies of this 

type by the f a ct that different kinds of antigens vary in the 

degree to which they re a ct with various combin2, ti.GR-s of com­

plement and amboceptor. This means that i n comparative studies 

one must be very c areful to interpret t he results in terms of 

the combinati on s involved, particular in the case of negative 

ones for a combination may work under one set of conditions, 

but not another. The need f or t h is care will be discussed in 

detail in the section on the specificity of comple rn ent. 

Experiments similar to those above have been carried 

out among cold-clooded vertebrates with like results. The 

most extensive of these were done by Mazzetti (1913) on rep-

r , . 

tiles a nd amphibians, and by Nardi (1933 ) on fish. Both these 

auth ors furnish, in addition to their own work, reviews of pre­

ceeding studies. Neither of them, nor their predecessors was 

able to activa te cold-blooded an tibody with mammalian comple­

ment (guinea. p i g , rabbit and ca. lf) and this has been the case 

with all later work on this point. Even Bond and Sherwood (19~ ) 

and Reiner a~d Strilich (192 9 ) were not able to achieve t hi s 
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activa tion i n s pit e of t he f a ct that the y were ab le to activate 

ra,bbit o.:itib ody using sna ke a:i d frog complements respectively. 

In this laboratory it has not yet been possible to 

activa te carp anti-red cell amboceptor with mammalian comple­

ment or t o a ctiva te rabbit e.n tibody with carp complement. The 

latter antib ody, however, has been s uccessful l y combined with 

fro g compleme nt as 1,J i 11 be seen. 

The Exchan@ of Co!:£2onents Between S.Pecies 

Introduction: Osborn sta tes, in reviewing the data on 

the excha nge of components between species, t hat no ca ses have 
- - - --.c.bJ ·c ''J.. 

been reported where t he globulin fraction of one species has 
,. 1i, /11' I I 
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f ailed to activate t he a lbumin fractio~ of a nother, and cites 

the work of Mackie and Finkelstein (1931) and of Marks (1 910-

12) as examples. This, however, is c ontradicted by the sta te-

ment of Ritz a nd Sachs (1912 , 1917) t hat t he se rum of s om e 
)lo,J;oC '1 

animals, as t he mo use and horse, may possess a mid-piec~ f or 

cert a in sensitized cells, but not for others. 

Jona s (1913) and Misawa (1934) have studied the thermo­

stable c omp onents in different sera, 2.nd Hyde ( 1923) t he re acti­

vation of complement deficient guinea p i g serum witn tha t of 

vari ous an i mals including the fro g , but only Hagedius and Grien­

er (1938 ) seem to have made an a ttempt to compar e a ll t he f our 

comoonents of complement i n different species. As their paper 

has recently been quoted by s ome authoriti e s (Heidelberge r and 

Mayer 1942 ; Ec ker, Pilleme r an d Kuehn 1942) it is necessa r y to 

point out here t hat it can not be considered accura te for 



severa l re a s on s. Th e first of t h ese i s t ha t the y di d no t a l l ow 

far the fact tha t t heir tests were made exclusively on s h eep 

cell s sensitized with r a bb it a nti-b ody, with t h e res ult t h a t 

s heep se rum , in co~mon with cow, h or s e an d g round s ouirrel, 

aoo e ar s t o lac k C'2 an d C1 4 complet e l y , a n observa t ion t hat 

could as well be explained on the basis of differences in spec­

ificity. As will be discussed in a l a ter section, norm a l horse 

serum is hemolytic when used against unsensitized guinea p i g 

cells or against ox cel l s sensitized with c a t a ntibody a nd t hi s, 

as well a s t he kn m-vledge of t h e s p ecies specificit y of comp le-

rn e n t, s ugge sts 

a n imal, l a cks 

cauti on in c onclud i ng t ha t horse, or any other 
, c''·. i c 'tf) 
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such comp one n ts as e nd-pi ece an d t h e f ourth. In - - I\ /\ 

a dd iti on , t h e fact t hat t h e determi n a tions were illa d e by a dd ing 

t h e who le serum of t h e t e st a nima ls to v a ri ous f r a cti ons of 

guine a p i g serum p r~ven t s a n a ccura te interpretation of wh ich 

comp onents a ctua lly a re involved. However, t h e p aper does s h ow 

t hat s om e sort of a ctiva tions c a n be achieved by mixing t h e 

sera of t wo s p ecie s , and t ha t v a ri a tion s exist b etween sp ecies 

as t o degree of activit y u nder t h e c onditi on s of the experime n t. 

This pap er is t h e o n l y one known t o me i n wh ich a ll fou r 

comp onents were considered for comparis on, a ll others f a i li ng 

t o a cc oun t f or t hi s many an d thus making it d i f f icult to judg e 

just wha t t h e acti v ity obs erve d, i f any, wa s due t o . As will 

b e se e n i n t h e next secti on , t he inte r pr e t a ti on of t h e resul t s 

obt a i ne d b y cro ss - a ctiva ti on is not e a s y eve n whe n s ufficient 

con t rols are r un , this be i ng d ue, i n l arge part, t o t h e t ype 

of techn i que neces sarily e mp l oyed. 



Ille. Qross-ActivD,tion of ,Erog £nd Guinea Pig Serum 

General Co□ments: The f or t unate circumstance t hat both 

frog and guinea p ig have comp lements t hat wil l work wi t h r abbit 

e_ntib ody and sheep ce7-ls to about t he s ame degree, rn.akes them 

of s pecial use i n studying i~ter-specific cross- re~ ctiva ti on 

for this obvi ously eliminates sever al unknown f a ctors from an 

a lready c omp l ica ted situa tion . The fact t ha t frog and guinea 

p i g s era would re a ctivate each other i n so~e c ombinati ons has 

no t been obs erve d by othe r au t hors, and was determined on l y 

af t er i t Kas f ound t ha t t~e so-ca lled stand~rd one in t en di -

luti ons of guinea pig seruc were in genera l to o high to permit 

cross- activity (a possibility a lready suggested by Rei ner and 

Strilich in 192 9 ). This situa tion w2s overcome by using di ­

luti ons of from one in t¼o to one in five, exc ep ting in t he 

case of C' l an d C'2 fractions which usually c ou ld not be ob­

tained in c on centrati on s lower than one in ten. 

The results of this ana l ysis of cross-activity are ore-

se nt ed in detail in the append ix, an d have been sum□arized for 

discussirm i n t able 5. in t he text. All work was d one 

wi t :r, f r og serum taken on the dcty of any particula r experi men t, 

and with gu inea pig serum ta ken t he evening before and kep t 

in an ice box duri ng t he night. All fr a ctions were made on 

the day of t t e experimen t. While Pille~er , Seifter a~d Ecker 

( 1941) have ob .i ected to t r0.e :rne p ing of seru;;1 overnight before 

using it on t ~1 e gr ounds t ,,.,e t i t reduces t~e a:noun t of fixation, 

no differences were ob served in preliminary experiments wi t h 

fre sh serum in t he cc:,se of the gu ine1:~ pi g a'1d it is no t li ke ly 

t hat s uch &ging influen ced t te resul ts of t hi s work . 



Table .S . 

~ Sh~a~~ of the Cross-Acti v i!.J'.'.:_b etween Fr.Q.g_ 

and Guinea Pi£;_Serum I11 rac tions . 

The following table represents a sur11mary of the var ious 

combinat ions made b etween frog and guinea l)ig serum fracti ons 

and is ba~ed largely upon th e data given in the appendix, 

sheets 0.toh . All comb ina tions a re represented 'N i t h the fro g 

serum fraetions above those of the guinea pig, the :presence 

or absence of a component being indicated by an __ x or Cl; sign. 

(Parenthesis about a si gn indicate that the presence of a 

component wa s not a ctua lly tested for.) 

The :probability that a g iven re sul t is a ccurate as f ar 

a s determi necl i s noted in the appropri a te co lumn and is bas ed 

upon clearly defined diff erenc e s . Th ese not a ti.ons of course 

a re subject to f urther deterr1 ino,ti on s . 

Abbrevi a tions stand for the fo11owi ng; 

' If d -.,, • " 1 '"' 1 • • 11 • d " J, • • 11 f t " J' 1 an .!. : •. g o uu. in an . a, . oLmnnin h r a c 1. on s 
riy the carton dioxide te9in i ou8 . 

se pa r a ted. 

Z zymin ina ctiva ted sermri . 

A armnon i a inactiva ted se rum 

u heat i nactiva ted s eru."TI . 

Serum fr om the f r o,7 • , I.) 

G s erum from the guinea p ig. 

Dou,bl~y i n e.c t i v1:t t ed fr o, ctions a re represented l] y t vvo 
' 

of the ab ove l et te r s a s, f or example , A'z ; r.1 i xt ures of 

two fra ction s from t he s wne speci es a re i nd i ca ted b y two 

l e t t ers en clo s ed in parenth es i s . 



_Table $ . ( Cunt .) 

Active Combinat,ions. ---------------
g ~ m' g~ ~r 61~_0~4_~=}✓-5 ions i Shae.tl>~ ; 

Propa.bility of Qbservation.
1 

X ! X i X O A Z 1 

x : x o __ x -•- _______ ___ _ I x-r-x-, o x z A 
x L _ _b_:_ ___ x ~--"'' '-·-----------+------

Good. 

Good. 

' • 
X . X 0 X z E Q.uestionable. 

~ 0=-.---,~X I X - -"'-"----,--'----,.-----------'---- - --------- _____ _ 
X: X o X Z :( EH) Good. 
0 

X 
X . ~.,-~x~·~-~-- _____ ----------o- ------------- ---

0 x ·, Z H G66d. X 

,...,_o,,.'--+--~-.x_ ·------------------------ - --- ------------

<1--1 _:..; -'--: --'-r-~/ J~j : T A: : ~. ·······~··· •••• : :~~: 
• I I. 

X I X _.Q __ ~ __ x..:._ ~ ----------------------------------------
0 1 ( x) ~ o x ZH , A Good . 

. .x· ·-I ' X i X I ' o: :. ~: ! - ---------- -... -- ---------- ----
0 I ( ?f X 

I 
X H i A Good. 

------- -------------

, X I X X 0 1 

Goo d. 

Reaet,i on q__ui t e weak. 

Ina.eti ve Corabinations.z.la.eking_ C '4. 

C m ouen..:t...s. ·~ Fraeti_.Q_l1a __ __ Sheets. Probabili ty_ of Observation. 
C' le •2 ! C '3 C '4 • _____ 1'1 /G· 1 

·x X I X I O ' A r-A t--Good, see ·ammonia ion efTe·ct 
~ ·x _ _xj _ _Q_ ___ ; ______ 

1 i Jlj ~p:pendix. _ 
x x x: I o ' A NI i Good. 
X O ( zj :, _0=------+-----+---- ____________ .-------·-----~----·------·-4 __ ...,._ __ -- - ~ ' 

X X • . X i O I A AH i Good• 
0 0 ! X i 0 

X X 

x x . 
X 0 A 

I 
ZA 

0 6 I 
------------------· 

1 Good. 

0 I X 
I 

Good_. 

X ! X 
X 0 
X X 

-~---- --------------

Good. 



Table~ .(Cont.) 

Inactive Combinat ions ,lacking~~~-. __ 

__ _ C_Q =-=----=~ a.G.....tions. _ Sh.e_e ts • __ Pr ahab.ili_t Y-~_9..L .QJ u~=~:r_y_a_t i .2}J ! 
,, C _!J, Q I I __ F_,_!l. ------~---- -·-- -- - - - --- - - -- - - -- -

x x o x Z Z Good. 
i X X O X ___ ________ _ _____ J ______ ._ ___ _ __ ·----·-·--· 

~ ! (}_!_ x /: Z ZH , 
1 

Good. ------------------·-
x x o t x Z ZA Good. 

' ---=x-"--'_ x=---!---;-~o'-c. ,....,'- =-a _ _ _____ .....: _____________ _ 
o (o ) 0 

I 
X Good. z 
X I _x_:..._ __ Q.._J-__ _______ , ____ ··-···-·-- ·---·-- -;--------------

x ! (x) . x I E Z I Good. 0 

x X ! I 
_Q_ __ , __.,-f------~-----__.._--------·-·---·-·- - ·---··-----· 

I 

X O , 0 ! 

X X O ! X i -==::::=;==== - =±==a:==:::======-:c· ·--··- __ -,.,;;;;: - ... 

X ZA z Good. 

Inactive Combinations.1.lacking_1. C '2_. 

___ G...omp_on.en.:t.s. ... . ~ _ ~Fr a_~_t__i o.n_s • ____ Sh_e e t _s t Pr_p oa_b i 1 i tx_ 9 f. ... Ob s e rv at i on ._ c1 1 ·c , 2 c , 3 1 c , 4i Ii' G - ~r -- • · 
--- -· - ·- - . --· ,---=-<----F----~-----,-----------------

1 X O· ( 0 I O Ii M M GOO d. 
: X O X O '! 

o (o) . x I x !
1 

H H 
i 0- 0 _ __X ___ j X j 
r: . -· . 

Inactive_Combination~lacking__C'l. 

Com onente. ____ Fractions., .. -~ S=h~e_ets. __ Proba.bili ty _of ObservatiQP. 
C ' l \ C • ' 2 C -i 3 C ' 4; F G -- - i 

o 1 ( x) x · x 1: H H -~--,G- o_o_cl._. __ 

~~O"'--, _··~' ~ ""'·--,-;.--:cX·=--+--=X c...,,;,--1: -----------;----------------- __ 
·_ (x ··, i O X 

I 
X [ H ZH 

' __ _x_lj_ _____ ,,__ __ _ 
Good. 

---·--------------
Good. J O : ( X) 0 II X I! ZH H 

; o : 0 I x X_:__;,..!i --------------------------~--' 
o_ (x) i x x TT n AH Good. 

~· _a_. -:~ o~-+z- -=o-+------1--------- --------...------ -- ----·-- -----·-·--··-··----- _____ ------! 
l o, : (x) !: x o !,\_._ AH H Go od . 
l o 

0 X X 

0 X X 

j O ! X X 

_ o~. ! __ x_ J o 

x {EH )( EH) ,, Good . 
~X"'-c...·' ·------+----------r-------------··-----·•--··---·---··--····-··-. 
x i( EH ) E Good. ' 

,l i 
x. ,I -== .. =-- d - ) 

··-------··------==f\ 



Table S. ( Corit .) 

Q.~l ete but Inactive Comb:i_.2a ti.Q.!'.!~..!.. 

C omnril1.£lut..r- y ... ~ ~ + • Sh + P b b • 1 • t · f b • -~-- --21=;-·==-~- ~ i_gn ~ .-=-=- _.fr~ g. . '- _ .. r _o_ a __ 1 __ l._ ~ _Q O serva t1on. 
i G~ L .Q~2 .. .C;3.: C ~4!, AF.1; . . . -· --··· - -·-; oo·d : ~ •• -:_-- -----C·=-=~=-== --~~~:~: ... r --c. ••• 

_J._Q_ __ ___ x ____ ( x ): ___ x _____________ _ 
I X X I X : 0 • A ZH 

_ ...,........o~ ... o ...... .o. _____ x _~ 
X X X o A H 

_ _ . P _____ 0 _ .. X . ' _ _x____ _ 
X X , X O A ( EH ) 

_ _ '_Q_ ___ X .. ,. X . ____ x_ __ _ 

0 X X . X 

- - ~ -_Q_ _ _:_ __ X .. X . 
X O (x) 0 

- -~o~ - x . _ x ... lxL 
X O (x) 0 

0 X X X 
0 X ( x) X 

~ X • ____ X _ ! 0 

X X O 0 

----- ·------. 

E (MH ) 

M -r., 
1~ 

M (EH) 

E A 

ZA H 
0 0 X X 
0 X ( x) X 

0 .x 
X X 

E z ·- - ~ i . 
I 

X X 
0 X (EH) z 
X X _O X , - --. ... 

Good. 

Good. 

Good. 

Good,an inhibiti on as 
E/M _ i_S _aet i ve. 
Good. 

Good. 

Good,an inhibition as 
E/lvI is active. 
Good. 

~ood,not due to lack of 
C'3 for (EH)/Z does not go. 
Good,possible irihibitirin • • 
as E/M is active. - ~---· _· . - -.--::: .-- - -· -~- . --- --- -:-. 

Combinations Demonstrating Inhibition.· 

T'hese experiments show that inhibition occurs in some 
combinations,for while the first two are active,the rest 
are inactive1i.~. only as active as frog (MH) alone. 

__Q__o...m.PQ.P_~n ts. . Frac t _ tons •. 
ctf~c•2 lc•3 c'4l F/G x-·· -x j· x :· ·x - fM1I) A 

I l ..... Z ~ X 0 , 
X X X (MlI) H X 

Q . ;- o - r 
X X 

~ --1 X 
X X 

I 
X _,

1
. O ___ __ X . I 

X X X 

Q ___ ; __ x __ I o 
X X X 

X .l ]IIH) 
X t JvUI) Z 
X I 

x bvnn M 
) 

. . 0 . ·-- - . 
X ;( Nill) E 

!i 

4 ;-,. -
x ;(1v1H )( EH ) 

-~- I ·=· ?C l X i. .., ~ i. : .. 

Sheet., Probability of Observation. 

-i 

n-ood. 

Good. 

Good. 

Good. 

Good. 

Good. 



As one ca n see fr om the origina l da t a , ~twas necessary 

to r un a gre a t many con trols because 0 f t he somewhat variable 

nature of the specific inactivati ons. All conclusions tha t 

are drawn are based upon careful comparisons with these con­

trols, and were considered si gnificant only when t he data show­

ed marked and striking differences. Such cases that seemed 

doubtful will be f ound indicated a s such where t hey are dis­

cussed. The experiments were often carried on simultane ously 

at thirty-seven degrees a nd a t r oom temperature, but t he dif­

fere nces f ound were not s uch a s t o confuse t he results given 

below. 

Interpreta tion and Discussion 

Although it was relatively easy t o show t hat some c om­

binations of fr a cti ona ted guinea p i g and fr og c omp lement were 

hemol ytic, while ot her s we re not, t he technical difficulties 

in obt a ining s om e comb ina tions were such that it is difficult 

t o say , in several case s, whether the ab sence of activity is 

due t o d ifferen ces i n sp ecificity, to t he interf er ence of ac­

cess or y components, t o high diluti on, or to other causes. It 

is a lso hard to determine which c omponents a re a ctually at 

work in the active combina tions. However, some c onclusi ons 

can be made and t hese will now be discussed, t he r eactions 

upon which they are based being summarized in table 5. . While 

some of t hese reactions were carried out severa l times, others 

were, f or lack of time, performed only once. The estimates of 

their probability are based less upon this consideration than 

upon t hat of t he controls for a given experiment, a nd a re, of 

course, subject t o furt her experimentation. 



Th e first conclu si on t o b e re a ched is t ha t a ll f our c om-

ponent s must b e oresent a t le a st once before a re a ction will 

occur. Th is is a l mo st c ertai nly so f or C'l, C'3 , an d C 1 4, and 

quite probably so f or C 1 2 (1oJh ich , unfor tuna tely , has no t b een 

test ed i n as many c omb i nations a s t he o t her c omoonen ts b e cause 

of t h e rela tive l y lat e disc overy of t he diff e r en ce in heat 

stab ility b etwe en fro g C' l a~ d C' 2 ). This c onclu si on ~ay be 

ta~en as further evidence t ha t a given s u ecifi ~ t re a t ment in-

a ct iva t es equiv a le nt comoonents in t h e serum of each animal. 

( In t h is c onnection, the appar en t a ctivity of a mixture of t h e 

t wo ammon i a fr a ctions has be en found t o be due t a the hemo­

l y tic effect of t he ammoni a ion, rath er than t o complemen t a r y 

activity. Th is is discus s ed i n t h e app endix.) 

Next, it can be se en t ha t even thcugh a mixed serum mey 

have a.t le a st a sing l e d ose of e a.ch c ompo ne nt in its make - up , 

it j_s no t a l way s a ct ive. Th e determination, howev er, of whi ch 

int e r-specific combinati ons of c omponent s are a ct ive is no t a 

simp le matt e r f or in mo st c a ses i t has not been e a sy, be c ~us e 

of technica l difficulties, t o manipu l a te t he c omponen ts readi~, 

espe cia lly where one would like t o i n tr oduce a single c omponent 

of one species into the system of the o ther. This should even­

t ually be possib le, but unt il then a ll that one can safely do 

i s to indica te which combinat ions have been a ctive an d which 

have not. Th e advisability of such cauti on is supported by 

t he res~lts t o be seen in the last part of t able 5_ where t he 

inh i b iti on of a c tive uni ts by t he p r ese nce of extra c omponen t s 

is clearly i ndicated . 

On e may , howeve r, come t o s ome tent a tiv e c onclusions 



t ha t a t t h is p oin t can onl y be a c cepted a s little more t han 

s ugges ti ons . I n the firs t plecce, it looks as if C 1 3 wi l'l p::-ov e 

t o be t he le as t spe cif i c of t he various components in ei t he r 

species f or i t seems as t hough it does no t matt er which c on­

tribut es the C1 3 in c ombination s otherwise ac tive. Then , it 

will be n0 ted t hat guin ea pig C'l is prese nt in eight out of 

t he twelve a ctive c omb i nati ons , but in on l y f our ou t of t he 

elev en inactive ones. It should also be no t ed t ha t while frog 

C'2 and guinea p ig C'l (E/M) are active in a dilution of one 

in te n , t he reciprocal mi xture (M/E) is no t a ctive even at a 

dilution of one to five. Thes e ob s ervati ons s ugges t t hat only 

gu i nea p ig C'l 2nd fro g C1 2 are a ctive in cross-co~binati on s 

i nvo lv ing the hea t l abile fr a ctions. This ectivity may be in-

hibited, under some c onditions , however , us can bA see n in such 

ina ctive c or.,';::; i n a t i on s a. E El(MH ) Ell 
I ' I ' 

E/ A, a.n d (EH) /M. 

Fi na lly , it looks a s if it ~ay eve nt ually prove t ha t 

C14 is no t i nter chen gab le in t hese t wo spe cie s , bu t t ha t ea c~ 

reouires D.t le 2" st its own C' 2 as 2. 11 c 2_ rr.1.er 11 before it can ce 

l)o t ei1tia l ly c:.ctive. Tl-:is last conclus1Dn is t ::-,_e le(-1_ st secure 

be aring on t he po int. 

Wh i l e i t is t o be hooed t ta t wi t t be tter t echniques one 

can eventually make more def inite asser ti ons as t o t he r ole of 

the vqrious components i n cross-activa ti ons , s t i ll it does 

seem clear fr0□ the presen t wo r k t~at the c omp leoen ts of such 

~idel y dive r gen t f orms as t he fro g and gu ine a pig a r e very 

similar in functi on and i~ c ons tituti on and are t herefore quite 

stab le from an evo l utionary point of view . This concept of 



stabili t:y :;..s bor ,1 e ou t i n the t wo co;-;-ipE,ris on s t o f ollow. In 

spite of t his stabili t y , however, at least one s tri king adapt­

ation has occurred and this is in the rela tive speed of hemo­

lytic action at different temperatures, t he op timum tempera ture 

being higher in the guine a p i g than the fro g , and higher in 

the frog t han in the ca rp. It is to be hop_- ?d th.a t the t s chn ique 

of cros s- ac tiva tion will eventually be adv anced t o t he po int 

where t he s:)ecifi c c omp onents involved in this adap tation can 

be found, for at present t t is not possible to determine this 

fact. 

The Croc!:-Activation of Qar.2. £::Dd Guine a Pi g _e~.§: 

While the experi ments are not ne c:1_rly as complete for 

this series of activations a s for the pre ce eding , they are of 

interest in t ha t several positive results were ob t ained which 

f urt he r indicates t he essential homo logy of comp lement throu~h-

out the verte br a tes. The fish a nd guinea p i g a re n ot knoKn to 

use t he s ame an tibo dy , s o a ll combina tions were run in dupll-

cate, one w·:. t h u.n sensi tized rD.bbi t red cells ,,\'"hich are known 

to be hemolized by normal fish serum, and one with she ep red 

cells sensitized with rabbi t amb oceptor as t e st an tigen for .. 
t he guine a p ig. As C'l and C'2 have no t been demonstrated in 

t he ca r p a s ye t, and as these experime nts were primarily de­

signed t o sh ow mere l y tha t cross-activity does occur, the 

fractions used are best considered as to how they were inacti­

vated r ath er t han as to wha t c omponen ts t hey contain. The 

results a re summa_rized in t ab le 6., which is l arge l y explained 

·by its le gend. 

Of particular no te is t he differe nce between t he a ction 



Table 6. 
A Summarl_of the Cross-Activi_ll oetvrnen Car£ and 

Guinea_Pl;ti __ Sera. 

The following table summarizes the ac tive and inactive 
combinations of various carp and guinea pig serum fractions 
as determined from the data given in sheets ).. to j in the 
appendix. 

Abbreviations are the same as those used for the different 
fractions in the table st.unmarizing the cross- activity between 
fro e and guinea pig. 

Active combinations are indicated with an x,inactive with 
an o. 

Activity with'. Rabbit Red Cells Sensitized with Natural 
Carp Antibod~. 

Carp. 

Guinea Pig. 

7 - --- --ir 1 -~~, z - --~~ 

t-- -·-- - - i - - -
I 

jH o o 
:I -----
i 
l 

i z 0 0 I 

! 
! --
l I 

f A 0 0 

_A _____ 
:bilut ed·: noffual 

112 : 1/4 

0 X X 

0 X X 

0 X X 

ser urn·.:-
1/6 

0 

X 

X 

Activity with Sheep . Red Cells Sensitized with 
Ra.b.b..i t Tnlloii:- ------

Guinea 
Pig. 

Carp. 

H r· Z A- - -Diluted \ norma.l i serum. 

; j------~------_.__
1 

------;--- - _V~----t-1L3 f __ !L6 _ _ 

-I H i O I O : 0 0 
1 

0 0 
ii , I I 
,, t----- -- 1 

X I ? ! 
- - 0 ~ f X 

X .. _ -- _)L __ j 0 

X X 0 



of whole ~u inea )ig s er u~ and its f racti on s when 7i xed with 

the fish fracti ons o.nd rabbit ce lls. Three ex9lanations are 

poss i b le; one, that whole gu inea pig serum can use fis h anti-

body; t wo , tha t combinati ons of c ompon ents are t o be f ound i n 

t his mixture t ha t do no t occur in t ho se previously made; and 

t hree, t hat t he fr a cti onation techniques i n jure t he linkages 

in guinea pig complement that permit ac tivit y with ca r p c om­

ponen ts. The only eviden ce on t h is poin t is tha t t he one t o 

six dilution of norma l guine a p ig seru□ did n ot activ2te heQted 

fish serum, al though it still reacted with t he other t wo fractions. 

Th i s sugge sts t ha t t he guine e. p i g c omp lemen t is no t \,vorki ng with 

fish antibody, but instead t hat t he e.ctivity 1s due to s orae sort 

of interaction be t ween c omponents. 

As in t he fro g- guinea pi g tests, a ll re activati on s were 

successfu l on l y in dilutions l ower than one to ten, t ho se a t 

one and t wo a nd one and t hree b eing usually employed. 

The Cros s-Ac tiva ti on of Ca.I£ ctn d Frog Sera 

I n c oncludi ng the cross-activati on work f or t ~e purpo ses 

of t h is thesi s , two expe riments were run b e t wee n fro g and CL'.rp 

c omp le~ents. Here t he relat ion of c omo le~e nt t o amboceptor is 

even more c on fusin& f or while onl y the fro g can use rabbit 

antib ody, bo t h ca r p and f rog have r a t her a l a r ge amoun t of 

na t ura l an tibody a ga1nst rabbit erythrocytes in t heir sera . 

The refor e , whi le again it is possible to demonstra te cro ss­

activati ons, t he rela ti onship s are too i nvo l ved t o permi t an 

i:i.nalysis of \;he_ t j_s t aki ng p le.ce . 

Tl:e experiments a r e prese nted in tab les 7J 9. and 'I. in 

b ot h a summariz ed and an ori g i na l form . The most in t er es tj_ ~g 



Table 'J . 
A Summar;L: of the C .rq__§s-Aeti vi "ty between Ca~ ___ and_ 

•.• 0 f "o· • ·: Sera. ·- ·· - ""·· 'f .----
The following table summarizes the active and inactive 

eombinationa of varieus carp and frog serum fractions as 
determined from the data for the tw·o experiments given 
in sheets B. to 'f. i-n- t-he---&p:.Ji)eo1:i-a.;t.,.x. 

Abbreviations are the same as those used for the 
different fractions in the table summarizin5 the cross­
activity between frog and guinea pig. 

Active combinations are indicated with an x,inaetive 
with an o. 

Activi~ with ·Rabbit Re:d Cells Sensitized with_the 
Natural Anti bod.~ Present in ·the S-era. • • • ' 

Carp. 

Ffog. 

r---n -- z -- -~£.~ -r­~,L- ~~---- ~----~ -r 
lin , 0 X 0 

I' I 

~~ - X f X 

' ' -- -- -- -· -- ' 
1', 

0 

!; 

!!A <x/o 
I' 

X 0 

-.. ____ ..(_ .. -- .. •-

AQt.i"!l.it:£._'lflilh...:S.b.~ .... ...E.~LC..tlllL.S.fill.s it ;L~ e d _vLlih. _:_ . -
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Sheet 8 .(J?eb.1 .8,1943). 

P.bbreviatj_ons the same as those used for the cross­
activation ex}?erilnents between the frog and the guinea lJig, 
C standing for carp fractions, F f-0r frog fractions. 

One tenth c. c. 0°f a two i)ercent sus_pensj_on of rah bit 
cells, sensitized with the natural antibodies present in the 
fractions, used as test antigen throughout. 

All fractions diluted one t~ three before testing. 



Sheet q .(J!'eb.16,194:::).) 

Cross-activation with.-Car.12 and J?rog_e~a. 

Conditions the sa1ne as for sheet 8 , exceptin6 that sheep 
cells sensitized with rabbit antibody were used as a test 
anti gen as well as rabbit cells. 

Experiments were conducted at room temperature(twenty - t ~ o 
degrees.) 

~-- pecit' ~
8

• _ .F _c 'AF c_. :f c_ .F c._ ~E--S t' C f C.-F CF G 
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feature observed is that t h e t wo zymi n fractions sh ow a f a ir 

amount of c omp lementary a ctivi t y whe n s ixed and used with e ither 

unsensitized r abbit cells, or she ep ce ll s sensitized with rab­

bit antibody. This s e ems to be a valid ac tiva tion (see append~ 

f or a discussion of the i nval id ammonia i on effect) and may 

b e due to a differe nt q 1.1ali t ative effec t of zyrnin upon the C0 ':1 -

ponen ts of carp serum, or t o d ifferences in t h e i nte r-r e l a t ion­

ships of residual C'3 an d o t h er c omp one nts in t h e mixed sera 

of t he two species. Unfortunate ly it is not poss ible t o dis­

tingui s h be tween t h e se po ints a s yet. 

Discussion a nd Summa ry 

Th e work on t h e inter-specific reactivations s hows tha t, 

while t h ese occur, the y t ake p l a ce on l y at di luti on s t ha t are 

c ons iderab ly l owe r than t he intra-specific ones, and one may 

as·k why t his shoul d be . Th e situati on is analagous t o t hat ob­

served in comparing t h e reactions of hom'ologous a.nd related 

bu t het er ologous an ti gens with a g iven antiserum. Here one 

also observes t ha t t h e f or mer reaction a l way s c an be obtained 

a t much h i ghe r dilutions than t h e latter. Landsteiner (1936) 

explains t his on t h e b a sis of chemical si r:i ilo_r ity, the more 

• si:11ila r t ~1e hapten¢s of t h e a n ti g ens being compared, the gre at­

er t h e re a ction .be tween heterologous ant i ~en and t he an tibody. 

This e xp l anati on may also be applied t o c om0 leraent , bu t no t 

until more is known c on c e r ning t he k i nd of l i nkages inv olved, 

and t he o t her related aspects of t h e p r ob lem have been f urthe r 

studied. Th e fact t hat C 1 4 of gui ne a pi g serum will aggluti­

nate se a urchin egg s (Tyler , 1942 ) mi ght b e used as a starting 



.9oin t for t his t i nd of work, (.J 8. r ti cu l ar l y 2-.s s o~rnth ing is kno.r,_1 n 

of t he ty; e of c om Go unds able t o spe c ifi ca lly inactivate t his 

c omponen t (Pillemer, Seifter, and Ecker, 1941). 

In s ummar izi ng t his part of t he t he sis, it may be s a id 

t hat t he ; receeding secti ons have shown t hat , c on trar y t o f or­

mer work , some of the components of comp lement can be success­

full y i nterchan ged among the ca r p , frog, and guinea p i g . The 

res ults of such an exchange were extensively studied in the 

case of the frog and guinea pig, and it was concluded tha t, 

here a t least, one member of ea ch compo nent had to be present 

before an action might occur. However, a s all comb inations 

in wh ich t his was true we re not a ctive, a furt her a tte mp t at 

ana l ysi s was nade. While some tentative c onclusi on s were 

reached, it became apparent t hat t he techniques . of in2.c tivation 

were hot refined enough to ca rry t:-ie :na tt e r f urther at t his 

time. Thi s circumstance made it unfeasible to a tte mp t a simi­

l ar analysis of the more complicated c omb ina ti ons b etween car p 

and frog and ca r p and gu i nea pi g , wh ich, however , do show a 

fair degree cf a ctiv ity . The general c onclusi on t o be reached 

is thRt comp le me n. t is very si mi l e,21 thr oughou t the vertebr a tes 

and is, t herefore, a relatively stable character from an ev~ 

lut i onr ry pa int of view. Such dif f er ence s t hat have occ urred 

do no t see~ t o ; arallel 9hylo gentic rel a tionsh i ps, as ~i l l be 

se en in the sec ti on on spe cific i ty, with t he oossible excep t ion 

of t hat of op timum ac tivity Rt differe nt tempera t ures. 

The Co~p l ement -Def icient Guinea ~ig 

This strain of guine a p i g , discovered by Downing 



(Iv:oore 1919), was disting~1.ished by hn,ving a serum with only 

one oercent of the hemolytic activity of normal guinea pig 

serum (Hyde 1932). This loss of activity has been shown by 

Rich and Downing (1923) to be due to the activity of a reces­

sive mutation, inherited in siraple Iv'lendelian fashion, the 

riomozygotes of which were clearly marked as complement-de-

ficient. Unfortunately, the stra in became extinct before the 

discovery of the fourth component so that the work done on it 

could not account for this factor. Enough was done, however, 

to per~it some speculations as to the effects of the mutation 

r - ·-
•"I:;.: -- .. • : . 

upon the components then known, and the general conclusion 

reached at first was that the deficient serum was lacking or 

inactive in third component (e.g. Hyde 1923). However, Parsons 

(1926), after an intensive study, concluded that the component 

inactivated by mutation 1.vas ne t identico.l w:i. th that renoveJ::;le 

by yeast as it was 11 irr:possible to activate them in an identical 

manner with the fractions obtained by splitting guinea p i g 

serum with carbon dioxide or ammonia sulphate". 

Specifically, she showe~ that yeast inactivated serum 
1' ltc vbJ C, ' ~-' (j:,fll;.(J.) c: '1) 

is best reactivated by mid-piec~, though end-piec~ also worked 

to a lesser extent, and that he a ting to fifty-five degrees for 

thirty uinutes left these fractions still capable ')f reactivation 

to a fair, though impaired degree. The mutant serun, however, 
·- - ·- I J -n. ' A't, • 

{.fo1: \ ;~. (,' i ( ..uu.,&i I.. ,t.) 

was best activated by end-piec~ and only a little by mid-piece, ,. 
this oower being completely lost by both when heated. This 

l a st a oi n t is in contrast to Hyde's (1923) observations that 

heated whole guinea pi g serum will reactivate the deficient 

serum, but t o a less degree than intact serum. No one seems 



serum, although it was shown tha t a mixture of yeast absorbed 

nor mal s er um and of deficient serum was not active. 

Whitehead, Gordon and Wormall (1927) 1 in c onnection 

with their discovery 0f f ourth comI) Onent, suggest that this 

may be the one inactivated by the mutation and offer explana­

ti on s t hat c ov er t~e discrepancies noted. Unfortunately, the 

r a ce was t hen extinct, and while t he f ourth component may haw 

been involved, no tests cou:~ d be made a:1 d t he authors I explam. -

ti ons are just complicated enough ~ o require an experimental 

check. The safest conclusion to be made from t he various ex­

periments is tha t t he mutant probably affected a heat stable 

cons tituent, bu t in a way not ide ntical with those of the 

artifici a l specific inactivations. 

The other studies that were made up on t his strain in-

elude wor k on anaphylaxis and susceptibility t o various dis­

eases; these are, however, a little beyond the sc o9e of t his 

t hesi s a~d t he re&der is r eferred t o Hyde (1923 1 1 932 ) a nd 

Farson (1926 ) f or f urther s ource s of i nf ormati on . 

- ,~ ,-, ; 

..,.. ; b- ; 



The Spec ificity of Co!Ilplement 

The c ompleme nti ng a cti on of serum ha s of te n been re ­

fer r ed t o a s non-specific 8. S compared. t o t ':-l e a.n ti gen- antibo6_y 

re a cti on , in t ~a t t he s ame c omp lement can react with a variety 

of antigen and an tibo dy comple xes . Never t heless, c omplement 

may be s a i d t o hav e s everal other orders of specificity, no t 

qui te compar able wi t h that above a lthough a l l re l a t ed , of 

c ours e . The first of t hese i s t hat of the se ve r a l co~ponen t s 

i ~ any on e sys t em , each of wh i ch has i t s own characteristics. 

The se c ond of t hese i ncludes t he differe nce s t hat occur aQong 

s;ie c i es in t hes e chL,Ye.c teri s t i c::: , expressed :~.t ~Jre se n t i n di f-

ferB nces in op ti mum of inac t iva t ion a nd s o on . The t hird of 

t hes e is t ha t ob se rved i n t he different degrees t o which a 

given comp le men t par·ticipates . in vari ou s re a ctions. 

Comp le ment, in Eddi ti on t o its hemol ytic 2,cti vi t y , is 

known t o act in t he l ys is of cert a i n sensitized bacteria, t ~e 

non-lytic des tructi on of others , t he phagocytosis of almo st 

all t hat are s o re mov ed fr om t he animal body, and in severa l 

othe r rela t ed a ctivities (se e Ecker and Pilleme r, 1942, f or a 

c oCTp lete l ist). These a ctiviti es are pr obab l y t he expressi on 

of a single bas i c re a ction, wh ich howeve r r ema i ns t o be prove n . 

I n sp it e of f or me r arguments, i t is now ~enera lly a ccep t ed t hat 

any one ani:na l possesses only one kind of c omplene n t which a ct ~/ 

a s occasi on demands, i n a ll t he differ en t t yp es of activities 

given above . There is some ques tion as t o whether or no t all 

compon ents a ct to equa l degre es i n each ki nd of reaction , bu t 

although it would se em fr om t he materi a l g ive n be low t ha t t he y 

probably do not, t h is does not invalida t e t he evidence t hat 



t ho se which do ac t ar e a ll Jar t of the s am e c omp lementi ng 

system. I n other words, wh ile any one an imal has only one 

complemen t, this com? le men t exhibits spec ificity in that it 

par ticipa t es differently in differen t re ac ti ons . As t h is fin a l 

aspect of t he spe c i ficit y of comp le men t is very c 0n f using a nd 

little unde r s t ood in sp i t e of t ~e amoun t of wor k done on it, 

wh2.t j_ s kDO\•.T1 will now be disc 1J. esed i n t erms of t;hol e c omp le­

ment, an ti gen and an tibody without a tte mp t ing t o c on sider t he 

role of si ng le components, a lthough t he s e may ultimat ely be 

f ound invol ved in t he differences observed. 

The easies t way t o &ssimi l a te t he vari ous da t a is t o 

c onsider t he pos sible combinati on s in t erms of t he effects of 

the s ources of ·the t hree enti ties involved (c omplemen t, B.n ti­

body, and anti gen ), a nd this has been do ne in the a ccompan~ ng 

tabl e . They sh ow t hat a ll t hree are capab le 0f influe ncing t~ 

success of a gi ven comp leme nti ng reacti on, whetter it is fi~ 

ation , hemo l ysis or a bact ericid.al eff,ect . Tha t is, ~-e s;_::me 
t ·i.[i,,- l!,J :,('" .t' /.}-(jW\,cQ. 

c ombino_tionsof D,ntiboc_y c_nd comp lementr vill or will no t rea.c t 

dep endi ng upon t he ant i gen a dded ; simi l arly , t he s ame antibody 
:\.~A0N-Cc( ~ 

and ant i gen wil l react with one c omp le men t and not ot hers ; and 
- 1' -

fi nally , t he sa~e c omp le me nt an d an tigen wil l reac t with one 
s pc:'c ;-'-: c, 

-k-±ud · ---s.f .s.n ti body and no t ot he rs. This le ad s one t o cone lude 

t hat t he resul t of an un tried mi xture can not in general be 

s afely predic t ed on the bas is of species or ot ~e r known re­

lat ionshi p s, a lthough on e might s usp ect t ha t c omp lement and 

an ti body fro ,n t:1--e s ame species s r~ ould wor k. more fr'e quen tl y 

t han ot her c osbi:-io t ions . However, t he data c1,va ils.b le show 
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Table f0. 
The following -is a list -:of_ e,xamples shovv-~ng - tha_t -the 

activity of a eomplementing reaction is influenced by the 
kinds of complement,antigen and antibody involved,and that 
variations in any one of ·these- may bring about different 
results even though the other two are held constant. 

Active combinations are indicated by an x, ' inactive 
by~n o,excepting that in cases where -differences in 
degree of activity occur the stronger ,reaction is shown 
by a large X in 4ontrast to the weaker. 

Numbers in ,last eolumn indicate references at end of 
table. 

Reaeti-ons imwhich the Anti~en_is Varied • 

u1nea pig pneumococcus , x . fixat-ion 
capaul_a, ________ ________ _ 

'f------ -- -- - ---- ----
II -II II p:p.,e-t.µ-p.oeocc_us ! x - II 

rotein __ : Ii--,,_, - ------::-.. ---- P~,.:!,_n~e~um'-S_uo!cle""'o-c--_c ____ u_s_ ; -_ - o------:---:-11------~ ,_, _ 

- --'-'-----'-·- -C , fr_:a&_:tj,_QIL _____ ____ _ ~---- -,--, 

" " H.-influenzae X II 2 
~---_;__,---'----,,:-- ---_Q_a_pj3_~_1 _s,___ ___________ _____________ ______ _ 

!l • 11 " H. inf luenzae x ' 11 i " ! . I -

1 -- - u_url_e._...i~n~-~ ----,----------- ----- ---
>1-i _-. -,-, ---~--,-, ----:-- s·. hemolytic us' 
: .-- _ - - ---~ ' - ________ c__ ___ frE....Qlio_n _ ___ ·_ --------------

S. hemolyt icus " X II II II 

II 
i . 

1 

II -

llL lll'.-o..t ei_n_ 
~ ufnea pig rabbit guinea pig 
1~ , __ --~~ r_e_d ___ utlJ..._,,_,__i::; _____ _ --,.-__ ~-- - --

,1 11 " sheep red x 11 0 

! ---------- - - ----- - - '" -~--- Q~ll:_s ---'r---·c· _, -

0 hemolysis 4 



Tablef O. (Cont. ) 

;Reactions in vrhich the ComJ21~~nt is_ Vari~~!.. 
•. • •. . . • • .. -, __ . . . . .• ' ·',. 

,~-1.filn.en..t~ Anti b Qdy_. ...An.ti.g_en_..__ ~ -u-v:Lt_;t."_C__r__it_e.1·.i a_,. __ . Ref_. 
horse . . .i rabbit. ; s .hee:p red I . o I hemolJ:si s 8 

· , -: cells. ___ _ ··.~-. __ _ ·_ ·-· • 1 . _· , ___ :_·---·-
e=-=-=-==-=-,_..-=---~-~•-• --·-.,...· -,---'-' - • • I ..x ·" -- ·_ - _· __ 4 -
~'--"-'------'--- "- ---+;--,-~ ...... ... ·- - -- ~ . -- ~~ ' - If --- 9 
qn'ake·--~ . :: 'I ', • ' ·II i _·.· .· ~ -- .• •• ''J - --.::; , __ -·- ' -·'·-- "Ir···• 

i.fill.fH~}? II , •• (f, . -·'\i'~-·--:-c:c -··:,- i _ 0 . --·•·· \ _.·II · .. ; __ , ____ ._.) ,;L2 .. ,_ 

!human i' h:ura-an pneumococcus : • x ! 'fixalion-· 13 
1, -.· ·•.: _-··--·-•.: . ··· _;__,,_.-~. ·,-,· -- r-·ua;p,sule .• ~ ... ... l --- _ 1 ·-·-· --- ----'---

• " If ! . •• II 5 ~ tu.nea.~ , • •· .. .. . . ; -·-· o __ _ _ ---------·· ·-·· 
t_gQ1a,t • j ·g_otfae : Qx red , i o 1 h.em.o1~s.i.s • 14 
---- ---·-- ·•·I-•---------- ~ells ... __ _________ i ! ___ • ___ _ 
:· r_at I u .11 _________ ___ __ _____ J ____ -x ' • L " 

-- I ... --- --- -·--·--·---·---------·-t-··-·--·-··---·-+====== = = ==;=== 

j horse pneumococcu~ 0 • fixation •· 13 
, 0 ca~suJ e. 

II 

!! human 

guinea pig ; 11 0 -t-Jr-



Tab lelO. (Cont.) 

Reactions_ig which the Com~lement_is VariediCont.l. 

J:;;co_11uu}~_:rri§II_,k =,Al_1tJJ.lP£;¥:• _f.nt :i£J~n~. ,-_cAc_tJ,~_t t ;y_~ . q_ri t e:ria.~c-c- -~ E~f ..• " 
\. guinea pig natura l . Brucella o I ba ctericide 15 
1 _________________ ,..._ rah.hi:L. ___ : _su.is__._____ __ ______ _ '--------- ---------
L_o~=--------- __ !' ______ _: ___ ... ''- X II 

i.c..5~l____ II i I _I __ _______ _ __ X _ _ _ __;_ _ II ___ ---~ -- _ 

!guinea pig guinea Hemophilus x " 16 
L... ---·--··•-·-----e-.Pi.g_ _________ __ ~ j _nf..l.J1_enz.ae_. _ ·- ---- -- _ _ ··-- ! __ -----

i-·ra b bit • ' " : 11 x " _ __ 11 

~n "' i " ___ ___ ______ __ x ____ j_ ____ u ________ J fl __ _ 

L~~~~-- __P-~~ ~~-~a~b-~: .. -~~~--=---~:. ___ -····· ---------- ~----~-~-- _____ -----~: __________ , ~--
~human_ ____ " i " x ______ : _____ " -==-------- ···--"-

11 

I, 
1 lR~§:ctions where Heterolog_Qus Combinations of 
\I Co~lement and Antibody _are more active with a_given Antigen, 
_ than a re_Homol£gous _ Ones. _ 

~~ -~-}epie_n~.; ~~;{~od.y. ~~!~~-:rius ; _Act3vtJ~~•,- ~~¼i:{}~icfo _R~~• 

I' ______ _____________ 1nfl uenza e_, ____________________________________ .. ___ _ 
Lg~in_ea pig_,_-_ " _ ___ _ . ___ II __ _______ _ _____ o ______ --~•---····· 11 

!,human 11 11 11 11 ,-- - -----·-------- - -- -----··· ----·-- . . .. ..... X ·····- -·-·-··--· -·--· .. -
•...r.a_b_b_i t ----- ~l ·- -- --- - I ·- ·---~ · - · •• -·· . 0 II ti 
l_QX_ Q.X_ • •• ------ o.x_r._e_d._ - • o·? hemhlx §_j_ ~ 7 _ 
_ _____ ____ • -~--~--- ,__c_alls.....__ --- ------·----~------- .. ---·----
_r_abb it ___ _ If II II 

:!guinea pig rabbit sh~e:p red II 17 
, 36-units. cells. 
-~ah})it --------i- - t. l ___ - _ ~-- ·;; - -------_·_·-:· __ X __ __; _ . 11 _______ _ '. --.,---~: 

! human ' . 11 , : ; 11 i X ; 11 • 11 
' - .· ---- -----·· ; · -· -~--- - ·----~-,:----_---------· ------!---•···- ---- _-·-· ; ·---<,------_ -----~ _- __ - ___ -------:-.:----
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that even this point is not secure, no t ab ly .in the huma n species. 

Here it is kn own that isohe molysis does not occur consistently 

and t hat its occurrence is apparently no t related to t he amount 

of a ntibody pre s ent. Of great intere s t in th~ connection is 

the report of Heidelberger 2nd Lleye r (1 942 ) t ha t h uman c omple­

ment is not a lways fi xe d by t he complex of human antibody and 

pneumo coccus cap sular antigen , f or t his r a ises t he 9ossibility 

tha t t he s ame f a ctor determines fixati on , both here and i n iso­

he~olysis. Also of striking interest is the fact t~at horse 

antibody wi ll not wor k with its own c omplement in the killing 

of ll· i nf luenza e, while it will with human complenent (Dingle, 

Fothergill and Chandler, 1938). 

It will be f urther no ted ttat, although given sources 

of complement and antibody may effect one activity to gether, 

such a s hemolysis , the y will not necessarily effect another, 

as t he killi ng of bacteria . 

All the evidence, then, ehows t hat we are not yet aware 

of t he properties that would make possible accurate predictioos 

of holf a given combination of comp le ment, e.ntibody and o.nt i gen 

will react. The obvi ous p lace t o look for evidence on ttis is 

i n t he work done on the conditi on s influencing fixation. I n 

this connection, Horsfall and Goodner (1936) have shown that 

different s pecies, as f ar as studied, may be grouped in t wo 

classes as t o whether or no t their a nt ibodies will fix gu inea 

pig c omp lement when used with the capsular antigen '.) f pneu:no­

c occus , the ac tive ones bei ng t he rabbit , guinea p i g , sheep , 

and r a t, an d t he inactive ones be i ng t he h'.) rse, ~uman , mo use, 

ca t, dog and !?'.Oa t. They also state t ha t these gr oup s '"re Eleo 



separable as t o whether or no t lecithi n or cephalin is the 

lipo id necessary for t he agglutinating a ction of t heir anti­

bodies . However, a g l ance a t t he tables s h ows t hat a re­

arrangement on the basis of other antigens or comp leme nts no 

longe r permits separa tion int o t hese gr oup s and s uggests t h~ 

furt he r work wi ll b e necessary , wh ich of c ourse does not in­

valida te that a lready a cco mp lished by t hes e auth ors. 

Othe r studies of fixati on have been reviewed by Boyd 

(1943), who s a ys that t t e f orm a tion of a precipitate as such 

is no t ne ce ss ary for fixation, nor is its pres ence a guarantee 

t hat it wi ll occur . I n sp it e of t h is , h owever , fixa tion in 

ac tive c ombina ti on s wou l d see m t o depend in part upon a certain 

opt i mum si ze of t he an ti gen- a ntib ody c omp lex, wh ich of c ourse 

is a ls o one of t he f s.c t ors lnfluencing the 9_;110unt of pre ci 9itc1.te 

t ha t wi ll occur. It is apparent tha t 7or e fac t or s t ha n t ~e 

size of t he c omp lex ar e inv olved, bu t t ~es e are a s yet un-

known al t hough it has been sugc e s t ed t ha t the phy sj_cal st a te 

a t t he s urf a ce of t he molecule is i mp ortan t, a nd a lso tha t 

c om? l emeD t an d the an ti gen- an t i body c omp lex combine i n a pure l y 

che mic a l way . The problem is a difficult one t o a ttac k be cruse 

so many vari ables mus t be cons i de red; however, a s the wor k ~ 

Pressman , Campbell and Paulin g (1 942) s hows ttat one can use 

relat ively simple an ti fR ~s i n the fixation of guine a pi g co~le­

ment , a c ompar a tive study, making use of t h is f a ct, mi ght be 

of s ome intere s t. The value of such work would be increased 

where t he an tibodies of t wo ani~&ls were c ompar ed whose mole ­

cular si zes, shap es and ott er proper ti es have been studi ed , as 

i n t he case of t he h orse and r abbit . W~ile it would also seem 



logical to use horn '.)logous complements at first, as these should. 

be best adapted to react with their own antibodies against the 

widest variety of antigens, the choice of constituents would 

have to be determined by results; the ultimate point being, 

to compare the actions of at least two sources of complement 

and antibody. 
of 

In studj_es of complement fixation, the role/\individual 

components has been neglected and this is an important omission 

v,.rhen comparing different active reactions for it is clear that 

those which merely removed C 1 3, for instance, coulo_ hardly be 

considered comparable to those fixing C'l, 0 1 2, and C1 4, even 

though both resulted in ina.ctivation. This bri:'1gs up the fact 

that we need to know more of the nature of the basic actions 

of complement in order that we may have a definite foundation 

on which to form a definition of fixation and subsequent acti­

vity that will be useful in comparative studies. 

Enough has been said to show that at present we do not 

know the laws governing the reaction between complement and 

the antigen-antibody complex. However, these do transcend 

phylogentic relationships to a degree where it is not safe to 

predict even the outcome of reactions involving homologous 

complement and antibody. This lack of knowled~e haE led to 

v.s.rious difficulties, examples of which are · to be seen in some 

of the attempts to correlate hemolytic and phagocytic comp le­

ments (e. g . Ec.ker, Pillemer, .s1..ncl. Kuehn, 1342), to comp2.re t}1e 

compleme ~ts 6f various specie2 (e. g . He gedus and Greiner, 

193d), and i n the st 1_;,dies on nat 1.,;rs,l 2.nd ir:~ mune a_ntibodies 

(e.g. Kolmer, 1919 ). ~1 7 thr ee of these c ~ses, for insta nce, 



did no t t a%e i n t o a c coun t t h e f a ct t tat so~e s 0ecies , such as 
l -

t he s~eep ~n d g~ ine a ~i g , wil l no t h e nol ize t heir own cell s , 

althoug~ quite c apab le of hemolizi ng o t hers . Severa l add itim­

a l insta nces c ould b e cited 1vhere t l:. e f o. ilure t o c:,ccount for 

t he po s s i b ility of an effect from v a r y i ng the relationship 

amon g c omp le me nt, an tigen and an tibody has led to unte nab le 

c onclusi ons, bu t t he e:,bov e s hould suffice t o s how the c omp li­

c a tions involved . Of i n t eres t i n t his respec t is t h e statement 

i n Osborn (1 937) that toxin-antitoxin comp lexes will not fix 

com9 leme n t f or it see ms p robab le t hat a s ource of an tibody an d 

comp le ment other t han the horse and guine a pig could be used 

t o g ood advan t a ge, and similar app lica tion mi gh t a lso be made 

in o t her cases where fixation t e sts would be desirab le, t hough 

not ye t demonstrable. Of further interes t is t h e p ossibility 

t hat many of t he apparent differences between t h e opsonic and 

hemolytic c omp le menting p roperties of a se rum a re due to l ack 

of c onsideration of t h e sp ecificities i nvolve d , r ather t han to 

actua l qua litative differences in t he serum comp lemen t as such. 

One fin a l point may be d iscussed in c oncluding this 

section and t ha t is t h e relationship of an ti ge n, a ntibody and 

complement in phagoc ytosis . While antibody end complement 

alone are often ineffective in destroying bacteria, t he ir 

action as a c a t a lyzer of phagoc y tosis is much more effective 

and general in occurrence. This is i mpor t an t in t hat phago­

cytosis is he ld to b e t h e most effici en t natura l agent of those 

t hat are a ctive i n the successful des truction of pa t hogen s 

(B oyd 1943, Kolme r and Tuft , 1941, etc.). Many other f ac tors 

are i nvolve d , o f c our se , bu t t h is does no t inval i da t e t h e 



pre □is e tha t it s hould b e a gre a t a dvanta g e in c o~bating a 

disease to be able to utilize one's ph agocy t es a s efficiently 

as possib le, an d on t his p remise it can be sugg e st ed t ha t some 

of t he fai l ures in s e rum t herapy hav e been due t o t h e use of 

.• • I' 
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an tibodies that will n ot work efficiently in the human s ys tem 

involved. Th is is an ide a go ing bac k t o Ehrlich, but, i n s p ite 

of the fact t ha t it has b een r e st a t 0d by some l a ter au t hors , 

it se ems t o have received h a rdly any a tte n ti on . Spe cific 

c a ses whe re serum ha.s been trieo. and f ound t o f a il for unknown 

c auses , as in t ha t of p l ague, should be re-inve s ti ga ted along 

t h e line sugge sted ab ove. Th i s app lies even t o c a.ses where 

human c onvalescent serum has been used, for it is by no means 

cert a i n t ha t t h e a ction of c omp leme n t is no t inhi bi ted in some 

individuals or t ha t a f ore i gn antibody mi gh t n o t be more de ­

structive t han t he homo l ogous one and so on . 

Such work would of c ourse be gre a tly f a cilita ted if 

s ome genera liti~ s could be develope d as t o the critica l points 

i nvo lved in a s u cc e ssful phagocytic re a cti on . It i s c onceiv­

ab le, for instance, tha t a ltering t h e size of t h e antib ody 

artificially might be a useful way to adap t it toward a more 

efficient a ctivity in s ome c ase s, this of c our s e be ing but one 

of many possibilities t hat await a fuller knowledge of the 

fact or s gov e r n ing a c omp lementing react ion. 

In cl osing , i t does no t seem ou t of p l ace t o re-e mpha-

size the f a ct t hat c omp le7 ent i s a.n i ;-;iportan t fRctor in t 11e 

cha i n of re a cti ons be t Heen l i ving ce lJ_s an o. t heir ac ti on on 

t h e various an t igens i n the body, an d t~a t t he unders t anding 



of the nature nnd a ctivity of comple ment is a necessary step 

before full adv an t age can be taken of the antigen-antibody 

reaction as such, itself often mere ly a relatively imRassive 

starting point in the complete reaction system. 



Ao;Jendix I: Technioue 
;..:.._~--- -

Th e Gl.J. i nea 

BleediD F-< : A colony of about e. dozen guinea p:lgs was 

kep t as a source ~f comple~e n t dur i ng t h e expe~i~ents. It 

w2s found t ha t these an ima ls c ou ld be bled rather e a sily by 

one person i n t ~e f ollowing way. The anima l t o be bled was 

etherized un til fully unc~nscious and t ~ en p l a ced on its back 

in a hac~ock ~ade from a towel and so desi gned t ha t the animal's 

fr on t le gs could be passed t h r ough and held by s mall slits on 

either side. Th e towel was suspended only a few inches abov e 

the top of a rabbit dissecting board in such a way that the 

animal's bs.ck rested on the board, while the sides of t h e towel 

prevented i t from rolling. It was further secured wi th a cord 

passed around its lower le gs which were enfolded in the t owel. 

Th e animal was t hen bled from t h e heart in t~e usual way, using 

a twe nty-four gauge needle on a five ml. syringe. Care must 

be take n not to g ive t oo ~uch ether, f or, while this is not 

fatal, it causes convulsive movements tha t prevent t h e safe 

rem ova l of blood. These will stop after a sh ort time if t h e 

eth er can is rem ove d and work can be resumed. While n ot de-

finitely established, it does seem t hat convulsions occur less 

readily if the ether is given rather slowly. 

Treatment of Whole B1003: The whole blood was trans­

ferred into twelve cc. centrifuge tubes and these placed in 

an ice box until ready to use. In most of the work the blood 

was taken in the l a te afternoon of day p receeding an ex-

pe riment for this gave sufficient ti ~e in which to carry out 



the extensive operati on s necessary next day. On t he sor ~ing 

of sucn an ex(J erir:ie nt the blood was ce ntrifv.ge d and serum used 

i mm ediately , either separately or pooled as t he case migh t be . 

C 1 1 a i- 1 d C 1 2 : These c om9onen ts were separAted by t he 

□odified ca~bon d i oxi de treatme nt des cribed by Ecker and Pille-

mer, 1942 , and par ti a lly quoted he re. Distilled wa ter is satur­

a ted a. t roo r:1 te 2pera ture ,·.J i th p ure c e.r bon dioxide gas VJ~~ich is 

a llowed to bubble t hrough t he water f or thirty minutes under 

sli ght pressure. One cc. of serum i s added to nine cc. of 

this water, and carbon dioxide is again passed through the 

mixture for t wenty minutes. Foaming produced by t he bubbling 

is reduced by the a.ddi tion of capryl alcohol with a wooden 

ap~olicator. Care should be taken to avoid a.n excess of a lcohol 

because of its hemolytic quality. The globulin (C 1 1) precip­

itated after twenty minutes is settled by rapid centrifuging 

and t he superna t ant (C 1 2) is removed, freed of its carbon dioxide 

in vacuo, and made isotonic with sodium chloride. Meanwhile, the 

precipitate is washed severa l times in distilled wa ter, redis-

solved i n ten cc. of s s line and freed of its carbon dioxide. 

Tt e pH of each fraction is br ought to neutralit v and the frac­

tions are then ready for use. They should be made last in an 

experiment D.S C'l loses its ac tivity in a fe vi hours. One can 

use lesser amounts of se ru7 , such as a half cc., provided the 

a~ount of distilled water is prop orti onally reduced. It is 

also possible to raake the se fr actions in a one in five dilution, 

but t he separation is not always as consistent. 

0'3: This com ponent was ina ctivated by the use of zymin 

powder, prepared fr om yeast according to the method described 



by Ecker, Jones and Kuehn, 1941. The usua l techni que was to 

add .12 gms. of t his powder to .7 cc. of nor mal serum and in­

cubate, with occasional stirring, at t h irty-s eve n degrees for 

t wo a nd a half to three hours. The mixture wa s then rapidly 

centrifuged for a s ~ort time and t he superna t ant serum, now 

about . 5cc. in volume, wc~s pipetted off and me.de up t0 t he re­

quired dilution with . 9 percent s a line, af t er first be i ng ad­

justed to approxi ma te neutra lity with .1 norme.l sodium hydroxi. de. 

The hydrogen ion concentration was determined wi t h Braun 's Uni­

vers a l pH I ndica tor Paper and adjus ted for ea ch individual sam­

p le used. 

As t he zymin p owder se ems to lose some of its inac ti­

vating power a fter three or f our months, it is a dvisable t o 

prepare fresh samples from time to time. 

0 1 4: In order t o inactivate t his component, .12 cc. 

of N/6.5 of ammoni um hydroxide was added t o .5 cc. of nor mal 

serum which was then incuba ted for one an d ')De half t o t wo 

ho urs a t thirty-seven de grees in a stopp ered tube . After t hi s 

the hydrogen ion concentra ti on wa s adjusted to tha t of normal 

serum with one t en th normal hydrochloric acid and the s amp le 

brought t o t he proper dilution wi th . 9 perce nt s a li ne (see 

Osborn, 1937, for further informa tion if desi r ed ). 

Heat inactiva tion: Samples of the serum to be inacti­

vated by heat were first diluted to the required concentration 

and t hen p laced for t h irty minutes in a wa t er-bath a t fift y­

five degre es. This tre a t ment is genera ll y believed to inacti­

va te both C'l and 0 1 2; however, some authors (see Parsons, 1926, 

for a rev iew) have held t ha t C1 1 is more stable i n whole serum 



t han is C' 2 , while a f e w o thers be liev e the opoos ite t o b e 

true . Until t h is matter is f urther clarified, it would be 

well to withhold too definite an opinion. 

Care: Th e fro gs used were bullfrogs six to eight inches 

long, exclusive of· le g s, and were kep t dur i ng t h e experimen ts 

in a shallow water tank. It wa s necessary t o feed the m about 

once every two weeks wit~ a mixture of ground mea t and ve ge ­

tables (Daily Mad~ Pet Fo od ) which had to be pushed down their 

throa ts a s t hey would no t feed voluntarily . Muc h trouble was 

caused by a disease t hat was p robably t h e result of t h e a ctivi~ 

of Proteus hydrophilus, t h e or gan ism c aus i ng 11 red-le g 11 • To­

ward t h e e nd of the experi men ts a paper on this organism with 

advice on t he preparation of a vaccine against it was dis~ 

covered (Ku l p , 1942). While Dr. Kulp kindly sent me a strain 

of P. hydroJ2..b:ll~ to make a vaccine from, it is too soon to 

state what effect it has had. 

Bleeding: It was found t hat frogs could be bled from 

the heart, and as much as six cc. were obtained from some in­

dividuals without ill effect. Th e best procedure was to ether­

ize the an imal and lay it on its back where it would remain 

perfectly i mmobi le for some time , t h en e n t e r t h e heart with a 

very sharp twenty-four gague needle att a ched to a five cc. 

syring e. One can deter□ine the location of the heart wi t h one' s 

fingers where it lies un de r t he pec tora l gi rdle, bu t even so 

c onsiderable p r a ctice is neces sary before one can a cauire a 

f a irly reliable techn ique . Howe ver, when t ~is is done , it will 



be f u·:.;nc. t h ,c t s ·J.f f ici ent b l ood c 2,n ':J e obta i ned , an a. t ':--.c c-.t t he 

s a~e fro gs can be used ma ny times. St erile precautions are 

necessary in order t o avoid introducing Proteus hydroehilus 

or other arga nisms into the frog. 

Treatment of whole bl.Q..2_£! Once obtained, t he 1°:hole 

blood is put in centrifuge tubes and allowed to clot in t he ioo 

box for about an hour, present results indicating that it shou l d 

be taken and used on the same day. It is advisable to brea .k up 

the clot before centrifuging for otherwise a cell-free, but 

cl otted p l asma is often obtained. The serum is p ipetted off 

and may be used individually or poo led e.s the supply warrants. 

Frog serum was fractionated by t he f ollowi ng techniques, modi­

fied from those used on the guinea pig. 

C1 1 a nd C12: The same treatment a s app lied to t he 

guine a pig was f ound suitable for the fro g , and the res ulting 

fr acti ons appeared t o be the same excepting that t he frog 

globulin fr a cti on was prec i pitated i n finer particles and was 

more re adily soluable in sali ne t han that of the guinea pig. 

C 1 3: Frog serum could be ino.ctiva.ted by the use of zymi n 

powder; however, it was f ound t ha t t he opti~um requiremen ts of 

specific inactiva ti on differed fr om t ho se of t he guinea pig in 

the.t, 11/r: ile the same proportions of zyr:iin and seru;-n were used, 

best results were ob t a ined when t~e seru~ was trea ted a t r oom 

temperatur e and on l y for an hour. Once treated the serum was 

prepare d f or f urther study just as t hat of t he guinea p ig. 

Q: 1: This componen t was inactivated by the same treat­

ment as thc1.t applied to t he gv1:ieci pig , the only difference 

bei ng t hat the serum ·,1as removed fr':l'il t he th i rt y--seve n degree 



water bath after an h our and a quarter , a short er length of 

trea t :-:ien t tha.n that g iven the guinea pig . 

He a t ina ctiva tion: The op timum fgf he a t inactiva ti on 

was f ound to be cl ose t o forty - seven degrees f or t wenty-f ive 

:ni nu.tes. Hoi.-mver , it wE1. s a l so f ounc" rather lc,. te in t he e x­

periments t hat C'l of frog serum was mn re l abile t han Cl 2 , and 

t hat some ti mes enough C1 2 would remain in he a t in 2ctiva t ed 

who le frog serum to re 2ctivat e t he globulin fract ion . The 

limit s of t he vari&bilit; of t hi s differe nce hav e not bee n ful-

l y i nves ti ga ted , a lt~ou~~ it seems tha t f orty- ni ne t o fi ft y de-

grees may be f ound t o destroy both heat l ab ile c omponen t s and 

still le ave C' 3 and C 14. 

Care: Carp we re ea~ily kept i n ce ment t anks and re­

quired rel ,9_ tively li t tle care, be ing fed on a ,-:-i ixtur e of grovnd 

meat and ve getab les (Daily Made Pet Food) once a week or s o . 

One s ource of trouble was a f ungus t ~at a tt a c ked and killed 

severa l fis h ; however , by r ais ing t h e s a lt c ontent of t he wat er 

r ather slo~ly (ab out a week ) with sodium chloride, it was p os­

sible t o adap t the fis h to a higher conce ntration of salt than 

t he f ungus coul d stand. (The proper dosage can be obtained 

from any book on go ld-fish raising.) In spite of this, fish 

would die from time to time of other dise a ses, but the inci­

dence was very low and could be neglected. As t he water had 

to be kept we ll salted , it was no t possib le t o have it cir-

C1J.lo.te , c ompress ed air being bubbled through t he tar. ks insteod. 

The wa ter was changed about every two ~onths, which see med 

ade qua te t o insure t he health of t he fis h . 



One more important precaution that had to be observed 

was to keep the tanks covered with chicken wire in order to 

prevent the fish from jumping out 1 which they often tr5_ed to do. 

Bleeding: In bleeding carp, individuals averaging about 

one kg. in wei ght were conveniently used, although larger or 

smaller fish were also e a sily handled. The fish to be bled 

was netted And held ventral side up by one person, while the 

other made a heart puncture, entering just posterior to the 

pectoral girdle &nd on the mid-ventral line with a sharp twent~ 

two gauge needle on a five cc. svrinr:'e. .... - 0 Some practice was nee-

essary, but after this it WQS possible to t a ke as ~uch as six 

cc. from a sigle fish without ill effects to it. The highest 

frequency with which fish were successfully bled c 2n be seen 

in the paper on temperature effect. 

Subsequently, it was found that the fish could be readily 

held in the wooden frame sr,own in the 2-ccompanying drawing, o.nd 

therefore bled easily by one person. 

No particular sterile precautions were found necessary 

to protect the fish from internal infections. 

Carp serum was fractionated by the following techniques, 

modified from those used on tte guinea pig. 

C'l and C'2: It was not possible to split carp serum 

using the su~e carbon dioxide technique that was successful 

for the guinea pig and frog. A globulin precipita te was ob-

tained by such treatnent, but all the hemolytic activity of 

the serum remained in the supernatant. However, this does 

not necessarily ~ean that a slightly modified technique would 



Table/}. 

A Wooden Frame . for Holding Fish. 

The following diagrams show the apparatus devised for 
hold~ng fish while bleeding from the heart. 

a; base. g: string. 

b: side. h: backboard. 

c: towel hammock. i: hole in backboard. 

d: string. J: nails for securing 
hammock. 

e: loose slat. x: approximate location 
for heart puncture. 

f: fish. 
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not split carp serum, as Liefman and Andrew (1911) have done 

in the case of the eel. Such variations in techni que have 

not yet been tried. 

C'3: Fish serum is very easily inactivated specifically 

with zymin by adding only .02 gms. to six cc. of serum an d i n-

cuba ting for thirty minutes a t room temperature. Serum so 

tre ate d is then centrifuged and prepared as for the other t wo 

species. Care shoul d be taken not t o exceed the above trea t­

ment for non-specifi c inac tivations will result. 

C1 4: Amm onia treated fish serum is specifically in-

f',•! .1 ) 
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acti va.ted when t he SD.me proporti ons of serum a nd ,FrT1onium hydrox ­

ide are used as in the guinea p i g , and this mixture is incubated 

in a closed tube for an hour a t thirty-seven degrees. Furthe r 

treatment follows t he same coJrse as f or the two other species. 

He a t inac tiva tion: The optimum inactivation of fish 

serum by heating is brought about by keep i ng it f or twent y-five 

minutes a t fifty-three degrees. As t his fraction can not be 

split, it can on l y be said t ha t C1 3 and C1 4 are ~ore heat re­

sistant t han at le as t on e ot her constituent of fish serum. 

Not~ on Exoerimental Technique 

Gener3..l: The manner in which individual experiments 

were set up is bes t seen in the data sheets in t he followin g 

section of the appendix. However, s on e points 0f general ap­

p lica tion may be given here. Five cc. test tubes were used in 

all experiments and , in all ce.ses of reactiv 1:.,, tion, the sera in­

volved were thoroughly mixed before t he cells were added. All 

sheep cells were thoroughl :,r washed 2.nd t hen mixed with about 
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two units of a pooled source of rabbit antibody that had a 

titer of 1/3000. The proportions of the two were so controlled 

that the final product was a two percent suspension of sensi-

tized sheep cells which was then added to the sera to be tested 

in units of one tenth of a cc. p er tube. All the rabb it cells 

used were thoroughly washed, diluted to two percent and ~dded 

unsensitized t o serum mixtures containin g natural an tibo dy 

against them. The differences in the way these two kinds of 

cells were sensitized may prove of interest in further work, 

as Hyde (1921) has shown that the order in which the various 

reagents a re ~ ixed in a tube can influence the result in some 

cases. 

All estimatioi1s of hemol~rsis were made on the basis of 

four plus for complete lysis through three, two, and one plus 

to zero for no lysis at all, a method as s a tisfactory as any 

provided the proper precautions are used and that one draws 

conclusions from marked differences only. 

Saline: While there is a difference in t he s a li n ity 

of c arp , fro g and guinea pig blood, it was found that nine­

te n ths perce n t s a line was the mos t practical t o us e in t h e 

experime n ts. Tris is most nea.rl:r isotonic with the ery thro­

cytes used as test an ti g en and preliminary results indicate 

tha t the use of t hi s saline did not give results that differed 

fr om those where concentrations of salt more nearly isotonic 

with cold-blooded serum were employed. 

However, it is important to note that while in general 

it was found that sodium chloride or filtered see. water, prop­

erly diluted, could be used interchangeably as a source of 



saline, one exception was discovered. 

This was t nat so~e element in se a water s a line prevented 

the recoBbinati on of C'l and C'2 in t he guine a p i g . What this 

ele □en t was has not been determined , but tha t it may have bee ~ 

the ca lcium i on is suggested by wo~k rep orted i n Osborn (193?) . 

It is advis 0b le , t~eref ore, be cau se of t he possib le c omp l i cati~· 

effects of t ~e var i ous i ons i n se a ~ater , to use sodium chlori~ 

as t he source of s a lt i n complenent sp litti ng st~dies. 

Th.£ he nolytic effect of the ammonia ion: It was f ound 

t::-~ D.t . 2 cc . of d o:1 e t o t ,-.:o dilution •) f g::1 ine a _Yi.g or fr og 

am~on i 2 tre a ted se?u~ of ten had enough of this ion t o comp lete~-

he:7l ol1 :z.e tr-e s1~ee ;:; cells tein ~; used B.E test ~,_n ti f:en , tvl':ci l. e . 1 cc. 

lysis. So~e vari a ti Jn s were noti ced, b~t t he e ffect was c on-

stunt enoug}1 t o est.?-b lis l-:c t 'h e :::1.bove c on ce :1 t ~E.ti ons E. S t ::e cri t i-

J • t .L. c c: . . 9o in , c:: e v&ri a ti ons ) r obab ly being due t o incomplete i n-

a ctiva ti ons or individua l ~iffere~ ces i n cells an d seru□ . 

As is D.f:1pare:1t fr ,) ,;-i the da t z. , t:;-i is effect E,ad.e it ap-

pear at first t tat fr o~ an d guinea pig sera which l a cked fourth 

component were a ctive when n" xed . However , ex,c) eriments with 

unse nsitized cells an d proper c on tr ols sjowed c onclusively 

tha. t this hemolysis was dne to tJ-1 e a.cti on of the am2on i a ion . 



-... I,..., 

Refere nces 

Th e refere nces □arked with a n a st eris k were obta i ned 

fro m s ources o t her t han the ori g ina l. They were no t r ead 

l a r ge ly be c2us e of t h e d i f fic ulty i n se curing t h e m fr om o t her 

libra r ies . 

. *AHser , C.R. 1923 Gjeddepester.. i n 1 923 . Nor s k Vet e ri n-
2.e ti d s l'":..r ift, Oslo 1925 . 

* Adams, A.R. D. 1 931 Ann. Trop. l\ile d. a nd Pa r a sitiol 
23! 299 . 

Alle n , T. W. and McDan i e l, E. C. 1 937 J. I mmuno l 32 ! 143. 
-:~ Amalrn 1912 L. e i t. fur Ch e r.1o ther, 1: 224 . 

·- ' 

*Babes, v. a nd Bie g ler, P. 1903 Zbl. Ba cter . I Orig . 33. 
*Bergman , A. 1 911 Skandina vis k Veterina er Tids kri f t, 

Ups a l a . 
Bond, G.C. 1939 J our. Immunol 36: 1. 
Bon~ G.C. a nd She r wood, N.P. 1 939 J our. I mmun ol. 36 : 11. 
Bond, G.C. 1 940a Jour . I mmuno l. 3 9 : 125. 
Bond, G.C. 1940b Jo ur. I mmunol. 39: 133-
Boyd, W.C. 1 943 Fundamenta ls of I mrau no logy (Inter-

scien c e Pub lishe rs, Inc. New Yor k). -
Boyden, A. 1 942 Physi ol. ~ool. 15: 109 . 
Coca , A.F. 1914 Zeit. fur I mmunit a tsf. 21: 604. 
Cumle y , R. W., Irwin M.R., and Cole, L.J. 1941 Proc. 

Na t. Aca d. Sci. 27: 565. 
Cumle y , R. W. a nd Irwin , M.R. 1 943 J our. I mmun ol. 46! 63 . 
Cu s h i ng , Jr.,J.E. 1942 J our . I mmuno l. 45 : 123-

• *Da Cosia , Cruz J., and Penna , H. 1 93 0 Comp t. r end . 
Soc . bio l. 104 : 638 . 

Di ngle, J., Fot hergill, L.D., and Chand l er , C.J. 1 938 
J our . I mmun ol. 34: 35? . 

Duf f , D.C.B. 1942 J c)Ur . I rnrr.un ol. 44: 8? 
*v an Dungern 1900 ~ u~ch . me d . Wo c h e ns chr. 20 . 

Down s, B. M. 1928a J our. I mmuno l 1 5 : 73; Jour. Immunol. 
15: 77. 

Ec ker, E.E. and Pilleme r, L. 1 942 An nals of t he New 
Yor k Ac a de my of Science s 43: 63 -

Ec ke r, E.E., P illemer, L., a nd Kue hn , A.O. 1942 J our . 
I mmuno l. 43: 24 5 . 

Ecker, E.E., J o:1es, C.B., a nd Kue hn , A.O. 1941 Jour. 
I mmunol. 4 0 : 81. 

*Ehrlich , P. a nd ~ or genro t h , J. 1901 J. Berl. kli n . 
w"o c h . 38 : 598 . 

*Flexner, S. and Noguch i, H. 1902-3 J our . P a t h . Bact. 
8: 37 9 . 

➔~Fr ankel 1 911 l e i t f ur I mrnun i t ,,. tE 10 : 388 . 
*Friedb e r ger a nd Seeli g 1908 Zbl. Ba kt. 46 v ol. 5 . 



*Gee, L.L. J.nd 3Gith, 1; .w. 1941 Jour. Ba ct. 
Goodner, K. 1926 Jour. Immunol. 11: 335. 
Goodner and Horsfall 1836 Jour. Exp. Med. 64: 201. 
Gordan, J., Whitehead, H.R., and Wormall, A. 1926 

Biochem. J. 20: 1028. 
Hagedus, A. and Greiner, H. 1938 Zeit. fur Immunitatsf. 

92: 1. 
Heidelberger, M. and Hs.yer, I,Ji . 1942 J our . Exp. Med . 

75: 285. 
Huff, C.G. 
Hyde, R.R. 
Hyde, R.R. 
Hyde, R.R. 
Hyde, R.R. 
In,-.rin , rn .R. 

1940 Phy siol. Rev. 20: 68. 
1921 Amer. Jour. Hy g . 1: 358. 

and B~iley, C.E. 1922 Ame r. J our. 
1923 Jour. I r:11nunol. 8: 267. 
1932 Amer. Jour. Hyg . 23: 024 . 
and Cumley, R.W. 1942 Genetics 

Irwin, ~ .R. and Cumley, R. W. 1943 Genetics 
➔~Ic, 'h i1n,, .,,,,:, , :; a"'d " '' 1' s~o 

._, .'.. J. - l J. C ~.1- ...._,.., ' .1. ·,,. • J.1 .l.l. Ct ' T. 1 S28 J a)2n . J our . 

27: 229. 
28: 9. 

Ger1etics 
4: 14'7. 

*Jonas 1 913 Zeit. I m~~nti t a tsf. 17: 539 . 
K,\rsner, H.T. 2nd Eclrnr, E.E . lS'.71 Tte Princj_ples 'J f' 

Immunol□fY (J.B. Li )pi~cot t Co . P~i l ad elpt ia and London ). 
Kolner , J.A. lSl S J. I ;n::;unol. 4: 4:)3. 
Kolmer .s.nd Tuft 1941 Cli ·'lico.l I mr~u--:o l. Bj_ otherc.::)Y and 

Che not}:ere,p y (A . B. Sa under f , Co . ) 
*Kas se l, H. 1838 Berl. Klin. Wchnsch. 35: 152. 

Kul.9, W.L. a.nd B2rden, D.G. 1942. J our . B2.ct. 44: 673. 
Landsteiner, K. 1936 Th e Specifi city of Serological 

Reactions (C harles C. Tho~as, s ~ringfield, Ill.) 
*Lazar, Erwin 1904 ~iln~ Klin. Wschnsch. 1 057. 
*Lazar 1904 Wien. Klin. Ws chr. ex. Nardi 1938. 
*Liefmann 1911 Berl. Klin. Woschr . 48. 
*Liefmann Lnd Stu tzer 1910 Zbl. Bakt. 56: 256 . 
*Lj_efmann and Andrew 1 911a Zeit. fur Immun ita tsf. 

11: 707. 
~ Liefmann 1911b Berl. Klin. Wosc~r . Bd. 48. 

Mackie 1920 J our. I mmunol 5: 379. 
*Ma cki e and Fin ke lstein 1931 Jour. Hyg. Camb . 3 0 : 1. 

Maltaner 1935 Proc. Soc. Exp . Bj_ ol. ~n d ~ ed. N.Y. 
32: 1555. 

*Maraghano 1892 Berl. Klin. Wochensch. 765. 
*Marks, H.R. 1910-11 Zeit. fur. I mmunitats. 8: 508. 

Mazzetti, L. 1913 Zeit. fur Immunit a tsf. 18 : 1321. 
*Misa wa 1934 Zeit fur Immunit a tsf. 83: 177. 

Moore, H.D. 1919 Jour. Immunol. 4: 425. 
*Muir, R. 1911-14 J. P a th. and gact. 16: 523. 

Nardi , F. 1938 Zeit. fur Immunitatsf. 94: 505. 
Nigrelli, R.F. 1937 Zoologica: Sci. Contributions 

of the N~ Zool. Soc. 22: 185. 
{}Noguchi, H. and Bronfenbrenner, J. 1911 J -our. Exp . 

Med. 13: - 78. 

U.n i v. 

*Nybelin, O. 1935 Ztschr. Immunit. Forsch . 
Osborn. T.W.B. 1937 Comp leme n t or Alexin 

Press, London). 
Pars on s, E.I. 1 926 Jo u.r. I::i:nun oJ. 12: 4'7. 

84: 7 .4 . 
(Oxford 



~ Fhi salix 192 6 C □T; t . Rend . Ac a d . Sci ., Pa ris 182(2): 13[. 
Fil lemer , L. a nd Ec ~er , E.E. 1G4 la Sci ence 94 no . 2445: 437 . 
Pille~er , L., Seift er, S. and Ec ker, E.E. 1941b Jour . 

Ex1J . ~ .. ~e a_ . 75: 421. 
P i llemer , L., Se i f t er J. , a nd Ec ker , E.E. 1 941 J our. 

I ~~unol. 40 : 89 . 
Pillemer , L., E:c.ker, E.E. , Oncley , J.L. , o.n d Cohn , J. 

1941 J aur . Exp . ~ed . ?4 : 29? . 
Pillemer , L., Se ift er, 5., Fay C~~ , and Ecker, E.E. 

1S42 J our. Exp . Li ed. ?6: 93. 
?itti'flo.n an d Goodner 1 935 J our . I :,·.::1:;_irn l. 29 : '.-:: 30 . 
Pli syka , von F., 1 939 Ze ntr a l t l a tt fur BRckterio l ogie 1 

Par c,. sitenkunde und I nf' e'.(t ions kr 1;1_n:\.heite n , I Ori n;. 143 : 262 . 
PI

•
0 ~ 0 ~ nn D C•imo'oe l, DH nri c~ F ~u, 1

1
n; L 7_ ~ 4 . · .. ~ - - -..... )..~1...,~.1c,. 1 , •, {.,.,.L..:.. ..L, • . ... • J o . .. J, '-· ..... .J-.~ • . :_;. ) • ...., 

Proc . Nat . Ac ad . Sci. 23 : 77 . 
Re iner , L. and Stri lich , L. 1929 ~eit . f ur I ~munita tsf. 

61 : '±05. 
*Ritz , H. an d Sa chs, H. 191? l ei t. f ur I mmunitRtsf . 

1 6 : 48 3. 
Ruedi ge r , G.F. and Dav i s , D.J. 190? J our . I nfect . Di s . 

4: 333 . 
1;Schivarz;riann 1 92? Z.ei t. f ur I siTiJni t Dt sf . 51: 138 . 

Sc~r i gley and Irwin 1 93? J our. I ~~~n o l . 32: 281 . 
S:Jit h , ·~v . v~· . 1 340 Proc. Soc. Exf) . Bio1 , e. r1 d :.IeCt . 45 : 7 ~?-0 .. 

;~T o t h , vo n L. L ?3 2 L. eit. f ur I ;r:1unit c1. ts . 75 : 2? ? . 
Thomsen O. &nd T~i st ed 1928a Ze it f ur . I c□~n it ~tsf . 59 : 4°3 

*Tschist ovi tch , T. 
T:r l e r , A. 1 942.:::, 
Tyler , A. 1 242b 

18G9 
\Je s t. 
Pro c . 

Ann . I ns t. f e. cte 1..1. r 13: 40G 
J e> 1....1_r . S i_;_ r ~7, 01Js t, ?:.l-t c3_ G:,.r ~1 e c o l ~)J : 
N2 t . Ac od : Sc i . 28 : 39i. 
J. e,~·: c1 li oJ~7:.:: ll, A . . 1 3~:'.5 B:~ o c~-:P-: 

-~J-j_ll~ ;_}_rJ S , --j .C;. 1 S2 ~ J o·J.i"1 . ·s :-:p . :.;el~ - 32 : 15 ~5 . 

vfoll : ,i_~_;1, E. l S3G Rev . I ~:1 ·1u.r, ol. ? 2.P is L'., : 1 ::-1. 
~ .i..nt,ser , H. 2, 11 0. B c:t?t'. e-J o:: er: , S. 1 939 A Textb oo~r •J f 

o f Bac teriol og::,,· (D. Applet o::: -C entury Co ., New York E,nd London ). 
Zinsser, H., Enders, J.F. a~d F o t herg i ll, L.D. 1 336 

L r. r:n.m i t y : Pri nc iples ax1 c App lico.ti on in l '. ed i c i ne E,nd P ub lic 
He a lth (Th e kac□il lan Company, . New Yor k ). 

7 Gorc\0Y1J.,Whil"elieo.d H.R., ari~ WoY-IYl,d(,a. l'f1'- '?Jioc.hen--.J. 20.'/0'l.8 



Original Da.ta on Cross- Acti va ti ons, Sheets Q. to h . 
The Cross- Activity of Frog and Guinea Pig Serum. 

The followi ng conditions obtain for all data included 

in the nwr1bers given above: 

Test Antigen: one tenth c~. pf a t wo ~~ ercent ~uspension 

of sheep erythrocytes sens itized with two units of r abbit 

anti-sheep serum a s described under t ec1iique. 
' " 

~ ~ations: these :p~rtain to sera tha t have been inactiva ted 

according to the methods described in the· section. on t~c~iqu.e • 
\ ' 

and are as followst 

M and E : solujble and insoluifble f .ractions obtained by 
treating serum with carbon dioxide. 

Z: serum that has been treated with zymin. 

H serum that. has been inactivated by heat. 

A • -serum that has been inactivated with ammonia. • 

g , • shows that ~he - .f r e1.ct i on is from the g uinea pig. • 

f . shows that the fraction is from the frog. . 
Do,uble .inaeti vations have letters for each treatment. 

' ' ~ ' 

Mixtures of two l;tomologous fractions are in parentesis. 
as follows ; (f'ltE')' · · . . ,\ • 

17 C 
I 0 , 

: Degret of Hemolysis~ is graded from O ~:none) to fo.ur plus (complete). 

Vo!_~Q_of Tubes: all volumes· equalized · w_i th :sal~ne to the amount 
-! ~- -. ' 

indicated/~f ter the heading II tota l volw11e .. . 'on E/ach sheet. 
I .''· • \. 

Fi~al dilution · of eaeh fraction given .on the separate sheets. 
¼ 

( Additional information will be found in section oil te~niqtt-e. J 



She'etO... ( Nov. 26, 1942.) 

Co nditions the scune as fo,r preceeding sheets. 

Titer of fr-og serurr -1/ 1 28 : of g uinea pig 1/256. 

; • 

Condi\ons thP- same as above, excepting as noted. 

Sera of one fro g a nd . t wo guinea pig s used. ..d., 



Sheet£.. C Nov. 24 ,194 2 ) 
1 

All fractions diluted one to two. ( Temperature 
37 degrees) 

All tub~s volumes total three tenths cc. DHiji 1 

(Pooled serurn)'r..i.:!Jation of whole serum 

Frog Guinea Pi2: 

Reciproeal of . 0 6 II 611' 'ff 15'' 
· s·erum dilutions •• ~ ~ o '. I '3" I ~ : \ 

__ ?_2 fflt fttt._4tt O O O O 'o : 
• 30 Htt ~ Ht\-H1tt O O O : 0 i 

4 5 tttt ·HtHtttt-ittt O i O O , O ; 
60 HH--HHl .... .... .i: O O i O I 

2 40 +H+1~l-tltt '.iftt fttt !tr tt I o i • 

! 

i 
I 

1 
I 
I 
I 

i 

' 

.':~ i'i 
·: ~ 1~ 
I ' . 

• ' 
,! ! ' : 
j I 

' l 

I I 
I 

T)'le same co.ndi tions as above. 

'J;itra ti.on of whole serum • . • 

8 l!". 
li#M 

I 

I 

I 

--- ---~----- •: F : · ' Guinea Pi :r 

1~~'1 :,~8 
iHi -ffl+!iHi 

I 
r 
1 

! 
., 
I 

j 
1 

I j 

I cl 
·1 

l I, 
' u 
[ t,· 

I I 
--- i----Jl-l ,I 

! 

i i i I 
I I 

I I 

l I 

Reciprocal of \ ll u 8 \,, /ll) <;1L \1gu, .?.. !Cf :8 /6 e1. l,1 r ' 
serwn dilutiQ.WL 4'... 1 , o "'~ r . +-----1--1--+--+---➔f-

'fime in minuteso 1-tt+ Ht\ • - G D . o .:c • trM '. t+tt~-'+m In/ lHH· 
__g_g ±r'r ~ _ o. _~Q- ·<2.. i _Q __ . -~- _j _..c:__l 1 

.. I __ 
-~ NH +H O O ~ i -~-+.--L-- __ .J_, L :Ht ----l----1.? MJr HI o o.. : . ! ! 7 -ltf- i 

60 rrn r/il _ O ~ ----·-·- --+----:_, _ _[ -··-- .... -~·-·--·· -trr ' 
_ 240 ltl+ ·)ti\ Q '. 0 _ . _ !-"-. j__' I t- . , !H 1 

F • · • . Combina tions. • • • • 

--F-:-.?---~-.~-j -~-n-s-~===--il . . F tl.~t. I"" G 
0J%t· j~+4\X,i'it/J]!l,f M fi..AYJ2i±'/\ JGit 

'f:1,.me in minute C 1: 0 F. ·~-~ JI-H+ I O \-\-\ 10 -1+ . 0 0 i fr\: . C 
· -· ·- · o --=-.t~- ·o • -ttF • · '11~-~ µ:_ Jill.\QJ.-1t __ (') ___ ;JlJt ·o 

• 0 j: - 0 -H • 1ttlt.1..± ! l:t!f Q.!J:tt:+Q· -{-_\j ±fl:t O l 
(? :t o 11t -- --· .+M· \ :~. +f1tJ· 0 1+/t\:_i.O_M\:t!fllt O . 
0 I :t: 0 Ir!- ' 1t )·\·)· 1 :s i -~ 0 tho\= 0 rHr\: 1-l·l1t . 0 
o ::!:. o lttt +Ht _-l+t- O -- -_ -_, ,: µ.11-~ J l/t8_LQ :ltL~.Q] ilif J-Htt :.o _\ 



Sheet ~. ( DEC.10, 1942) 

Conditions the same as for preeeeding sheets excepting e__ 
that here further inietivitions( indieated by double letters) 
were c a rried out on the single,inactiva ted fractions. 

Pooled sera from each spec i~s used and all fractions 
dilut ed one to two. 

Fractions and combina tions. 
Species. i F · F F F • : F F F F F_ : - F • F ! F G-
Frae ions. ! 2. . -A H ZH Z •. HA 7-tA l:j ·--tA ZftfAlA+H z 
Amount o . : / '! ; 1.. - · 
a erum _l,lS_e_d_ : • 4 ·.It.<. .I l · • . . I ~'/+.I ./. +.I .1+.l ,It.I .lt;l , I 
Time in . · 0 . - ----· ~--- 0 0 • Cf - ·5 -· 
minutes . 2 .f.-.-lo"'--- ·- ---+-~ -t-=--1----"-,-'! --+---+--:-.---i O O ; O 3 -----· - . --·-! 

4 ~~~-~~- -~ -'"=-- ~ e__~ • 

6 ~ ~ 11\'--~ ~-~ -+-'-'--l - • . - -":',;--;--+~ -+-~~~~ ;. 

pee 
J?ra.c 
Amou 

S ecJtes. 
Fr a.ct ions. 
Amount of 

erum used 

i i 

Time in 1 
~-"+--,-,-+--,,.--t-'-r-o-+-·~--t-~ -t----:---t-='---tt~ 

minutes . ~2'-=-tt~~-r-++-'-,,-'--J- -'""''--+-_,,..- --+-,L, '-.-t--~ --t'" 
3 
4 
6 

pec1 es. 
• :Fractions . 

Amount of 
serum use' 
T .ime in __ • -i+---,--+--=--+...:.;<+----+----;,­

F G- F ; 
tAA1Z 

,l ,I+. 
·- -~~-t--c--,'-H--o-

;J: 

mi nut es. ...:::" '--"'-tl-...:,;...--+--'~+uJLL....J--=----+--"=f- - +--""''--+~,__,-='-+-=---1 

.. 



Shee.tf. (.Jan. 4, 1943.) 

Cross-act:iivations between C'l and C.~ 

Dilution of fractions: frog and guinea pig: M 1/10,E 1/10. 



Cross-activa tions involv:img_Q. 'l andC '2. 

Dilution of fractions: Frog ;M 1/10 ,E 1/10, z 1/5,A 1/5, ·Hl/5. 
Guinea pig; M 1/10, R 1/10, z- 1;10, • 

, A--1/10, H 1/10/ _- · _ 

Some combinati.ons of more than two fractions ?tere rnade,the 
constitution of these is showt\as in t h e following exa1nple: 
where frog M and E are shmvn a ·s though added to guinea pig 

E : (t.e) + i . · - . - - · -
To,tal volume all tubes equals four ,tepths c.c. .. ._-. 

. Ac ti va_tions _ obse ~ved_ ~ t thl. r ~y __ s 1ven deg,rees. _ 
Spec 1. es. _ __;____-1-'----+-: F" ! ~ ! F i F i F i F ; F ! F : 
Fraction- ------ "r----~-+ ! fA !ZtH 1AtET)f-ii\' 
Amount. ---1"~~--..c..--t=-4 i,ft,I ,.1+.l·V+,1 /,l+,l 
Time in i O i O i O ; O .l 

,m i u t es ~il-J,,L--4--W:__ c....,.._.,;""'---,._.,.. 1 0 i O • i O ~ 
i 0 1 0 1 Q~1 0 -I--"-- +-----,..__,.,'--. - .!--""- __ J.__ -~-r:.,_~ _,__ 

.L,_Q ! O i O , -H+ i o . 
_.J.!.~.u-~~~~~----\,,,'----t--J.L!.......;.._._y___+' _Q__j ___ o ! o i-Ht+ ! o___ 

• 0 ! + + i:tf+f : ::t. _ 

--r-"'~--r--"---;~~ "'·' I .tt.' .:. 
Time i i O ' 
minute 



SheetJ.(Jan.26,1943 cont.) 

Q!.Q.ss-activations involving C1 l and C'2. 



Sheet_.i .(Feb.20,1943). 

Cr~-activit;L_between Ca.t.J2 and Guinea Pig_Sera. 

A"bbrevia tions the same as for sheet a.-)..,c standing for 
carp fraetions, G for guinea Pig. 

One tenth c.G. of a two percent suspension either of 
unsensitized rabbit cells or of sheep cells sensitized· 
with rabbit antibody used for test antigen. 

All fractionij dilµted on~ to three hefore test ;ng . 

Experiment made at thirty seve~ degr~es. 



Sheet j _( oct . 10 , 194 ~) 

C ro ss - a cti v i~ bet ween CarJ2_and Guinea_.?_;L; _Sera . 

Cond i tions the s2..,1n e as for sheet A, -3xcept i n~ tha. t a ll 
fractions were d iluted one to t wo bef ore using . 



Sheet I\ .(Oct. 20 ,19 42). 

Condi tions the sax,, e az for sheet , exceptL1g t h n t 2.ll 
fractions were diluted one to two before using. 

. , · 
--- -·-- --- - -- --
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A recent paper by Ellingson and Clark (1) on the effects of artificially induced 
fevers upon the production of antibodies in rabbits refers to a temperature ex­
periment by Allen and McDaniel (2) on frogs, showing that lysins against human 
red cells could be developed at room temperature, but not at a temperature of 
8 to 10 C. These results suggest, in common with those of Wollman (3) and 
Widal and Sicard (4) on frogs, and of Nybelin (5) and Pliszka (6) on fish, that 
antibodies are not formed by animals living at 10 C. That this is not necessarily 
the case, however, has been demonstrated recently by W. W. Smith (7) whose 
work indicates that carp and trout held at this temperature are capable of form­
ing agglutinins against Bacterium salmonicida, provided the antigen is given in 
sufficient quantity, and the animals are kept for a long enough time. As all 
these experiments indicate an effect of temperature upon the rate of antibody­
fqrmation and as only one previous paper is known to the author that deals 
specifically with this point, the following experiment, carried out in relation to 
other serological studies now in progress, may be of interest in that it shows such 
an effect. The previous paper is that by Widal and Sicard (4) which suggests 
that antibodies against typhoid bacteria were formed more rapidly by frogs 
living in higher than in lower temperatures. 

For the present experiment, two kinds of closely related fish were used; carp 
(Cyprenius carpio) from one of the fresh water lakes of California purchased from 
a dealer, and "feral" gold fish (Carassius ·auratus var. fan tail) obtained through 
the courtesy of Mr. D. A. Clanton, Superintendent Southern California Hatch­
eries of the State Division of Fish and Game, from Crystal Lake, Los Angeles, 
Cal. The author would like to express his indebtedness to the California 
Division of Fish and Game, and especially to Mr. Clanton for help in getting 
these fish and advice on handling them. The fish were kept in two constant­
temperature tanks, one held at approximately 15 degrees and the other at 28 
degrees; four carp and four gold fish, averaging respectively about one kg and 
460 g in weight and individually distinguishable, being put in each tank. After 
an acclimatization period of a few days each fish was bled and then, five days 
later, injected intraabdominally with five ml of sea urchin (Strongylocentrotus 
purpuratus) sperm suspension (one part of "dry" sperm to two parts of sea 
water, see Tyler (8) on the use of this sperm for antigenic purposes). The fish 
were bled three days after the inj ection and then at intervals of every four days 
(unless otherwise indicated on the graphs) until the experiments were terminated 
almost a month later. The blood samples were obtained from the heart by 
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means of a 22-gauge hypodermic needle attached to a 5 ml syringe, 3 to 4 ml 
being taken at a time. This bleeding was done from the ventral side, one person 
holding the fish and another operating the syringe. (Subsequently it has been 
found possible to hold the !}s,h in a wooden frame with equally successful results.) 
The operation did not appear to bother the fish in any way except in rare in­
stances when they would lie on their sides or swim abnormally for a short time 
after being released. One possible exception was the death of two of the carp 
in the cold tank, a day or so after their seventh bleeding; however, it is more 
probable that this was due to disease as a few other fish were later lost in this 
way. 

The whole blood obtained was centrifuged shortly after being taken, the 
separated serum being pipetted off and stored in an ice-box until wanted for 
testing. The tests were run after the bleedings were all completed, 4 drops of 
fresh "dry" sperm diluted in 10 ml of sea water being used as the test antigen. 
All sera of a given fish were tested at the same time with the same fresh motile 
antigen preparation in order to insure uniformity of relative reactivities within 
the group. 

The results of the experiments are presented in the accompanying graphs 
from which it can be seen that in the fish kept in the warm tank a rise in anti­
body-titer occurred within eleven days, while in those kept in the colder water 
such a rise was not observed until fifteen days after injection. (The five fish 
not recorded showed no change in antibody-titer during the experiment.) In 
addition to the induced sperm agglutinins, two other types of agglutinins were 
found. These were natural agglutinins against sperm of relatively low titer, 
occurring only in the carp and an unknown factor, probably associated with the 

• antigen that caused a rather weak clumping of a few of the sperm in most of the 
preparations irrespective of the presence of the other two antibodies. These 
three types of agglutinins were not sharply separable from each other, which 
necessitated a comparison of relative, rather than absolute titer differences, 
adequate serum and antigen controls, of course, being included in such com­
parisons. However, in spite of this, it can be seen that sufficiently marked 
differences exist among the sera of various fish to show a definite temperature 
effect. 

The way in which temperature acts upon antibody-production cannot, of 
course, be determined from the above data. However, it should be noted that 
the fish in these experiments were injected intraabdominally as were the frogs 
studied by Allen and McDaniel, the carp of Pliszka, and the fish of W. W. 
Smith. With this the case, it is possible that the observed action of temperature 
upon the formation of antibodies could in large part be due to an effect upon the 
relative rate of the entrance of the antigen into the circulation, rather than to a 
direct effect upon the mechanism of antibody-production itself. Further 
information will be necessary to clarify this point. 

In concluding, the author would like to thank Dr. Sterling Emerson for his 
advice and generous help throughout the experiment. 
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CARP 

------,----,--,,♦'----. ____________ ,,,,,,, 
t=====t=== 

CONTROL: INJECTION 3 11 15 19 21 25 

GOLDFISH 

.... --•· - ----- --,. -------------------, 

CONTROL : INJECTION 3 7 11 15 19 21 25 

Graphs showing the change in titer of sperm agglutinins in goldfish and carp sera fol­
lowing a single injection with Strongylocentrotus purpuratus sperm. Broken lines indi­
cate fish kept at 28 C; solid lines those kept at 14 C. Of the original sixteen fish injected, 
only those that showed any change in titer are recorded . Numbers along the abscissa 
indicate number of days after inj ection on which successive bleedings were made, those 
along the ordinate successive serum dilutions . 

SUMMARY 

A study was made upon the rate of production of agglutinins against sea 
urchin sperm in carp and gold fish held at two different temperatures (15 and 
28 degrees). The fish, four of each kind at each temperature, were bled every 
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few days from the heart and agglutinative tests made on their sera. These 
showed til t the antibody-titer of the fish kept in the warm tank rose at least 
four days sooner than that of those kept in the cold tank. This indicates, in 
agreement with other work, that temperature does influence the rate of anti­
body-production in cold-blooded vertebrates. 
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