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Nature of Growth Inhibitor in Some Mammalian Sera For Pleuro- 
pneumonia-Like Organisms of Human Origin. (20267) 

PAUL F. SMITH* AND HARRY E. MORTON. 
From the University of Pennsylvania, School of Medicine, Department of Microbiology, 

Philadelphia, Pa. 

The inhibitory effect of some mammalian concentrations exceeding 10% were definitely 
sera, when used in a concentration greater inhibitory. Separation of the active growth 
than lo%, on the growth of pleuropneumonia- factor in bovine serum eliminated this growth 
like organisms (PPLO) has been noted by inhibitor(4). Since the fractionation of serum 
several investigators. Rabbit, sheep, and to obtain the growth factor removed the glo- 
horse sera are satisfactory supplements but bulins, it was speculated that the inhibitor 
guinea pig, steer, and cow sera are inferior might be associated with antibody against 
for the cultivation of the bovine pleuropneu- PPLO. This report shows that the inhibitory 
monia organism( 1). Growth of this organ- component of bovine plasma is associated with 
ism was partially inhibited by 20% and com- alpha-globulin and thed inhibitory action is 
pletely inhibited by 50% horse serum. Ed- enhanced by the presence of complement. 

pleuropneumonia organisms of various origins ployed for measuring the inhibitory activity 
grew poorly when bovine serum was used as of various fractions was essentially the same 

as previously reported (4). The preparations 

strains of PPLO. Bovine serum and citrated from bovine serum. Fraction A is the Serum 
human plasma added to the basal medium in fraction containing the growth factor 

*Former ~ i f c o  Laboratories FeUow in B a M -  required by some strains of PPLO of human 
ology. origin and has been described previously( 4). 

Ward(2), likewise, found that ‘7 strains of Mat&& and methods. The method em- 

Morton, Smith and 
(3) ‘Ompared various mammalian sera as 
sUPPlements for the Of hUman 

to be test& were incorporated into Bacto- 
PPLO agar with added 1% fraction A derived 
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Duplicate plates for each preparation were 
inoculated with 0.05 ml of the supernates after 
grinding agar blocks containing the PPLO 
colonies in Bacto-heart infusion broth. The 
inoculum for each strain in any one experi- 
ment was derived from the same supernate. 
The inocula were spread evenly over the 
plates with a bent glass rod. Two-day-old 
stock cultures of 4 representative human 
strains, 07, 09, 48 and 60, were used for pre- 
paring the inocula. The stock cultures were 
maintained on Bacto-PPLO agar containing 
1% fraction A. Incubation was carried out 
aerobically for 72 hours a t  37°C. The di- 
ameters of ten randomly selected colonies on 
each plate were measured by means of an 
ocular micrometer under the low power of the 
microscope. The amounts of the various 
bovine serum or plasma fractions added to the 
test medium were such as to give a final con- 
centration equivalent to the amount of the 
test fraction found in 30% whole serum. A 
30% final concentration was selected because 
with this amount definite inhibition of growth 
was easily detectable. Bacto-PPLO agar 
plates containing 30% final concentration of 
whole bovine serum and containing 170 frac- 
tion A were set up as controls. The agar con- 
centration in all cases was kept a t  1.2% so 
as to eliminate the effect of agar concentra- 
tion on the size of the developing colonies. 
Four fractions of bovine serum were prepared 
by the ammonium sulfate precipitation meth- 
od of Cohn et al . (5) .  These fractions con- 
sisted of the proteins separating between the 
following percent age saturation with am- 
monium sulfate (Merck reagent) : 0-34% ; 
34-40%; 40-50%; and 50-61)%. The pre- 
cipitates were washed in the corresponding 
solutions of ammonium sulfate, redissolved in 
distilled water and dialyzed against frequent 
changes of distilled water for 72 hours in the 
refrigerator. Whole bovine serum was dia- 
lyzed in the same manner. Sterilization of all 
fractions was accomplished by filtration 
through Selas 02 unglazed porcelain filters. 
The role of complement in the inhibition of 
the growth of PPLO by whole serum and its 
globulin components was studied. Whole 
bovine serum inactivated by heating at  
56°C for 30 minutes, inactivated bovine 

serum plus guinea pig complement (Lyovac) , 
alpha globulin (bovine plasma fraction IV, 
Armour) plus complement, beta globulin (bo- 
vine plasma fraction 111-1, Armour) plus com- 
plement, and gamma globulin (bovine plasma 
fraction 11) plus complement were added to 
portions of the basal medium. The final con- 
centration in the medium of alpha-globulin 
was 0.28 g %, of beta-globulin 0.26 g %, and 
of gamma-globulin 0.22 g %. Complement 
was added to give a 1:30 final dilution. The 
complement was the last component added to 
the medium. The plates were poured imme- 
diately and were inoculated as soon as possi- 
ble in order to minimize inactivation. One per 
cent fraction A was added to all of the test 
media except those containing whole serum 
since the various globulin fractions will not 
support growth of PPLO. Normal bovine 
serum, complement plus fraction A, and frac- 
tion A were added to the basal medium as 
controls. Complement fixation tests were at- 
tempted using the various serum components 
as antibody in order to substantiate serologi- 
cally the role of complement in the inhibition 
of growth of PPLO. Antigens were prepared 
for only two strains, 07 and 60, by sediment- 
ing the organisms from 2-day-old 150 ml 
broth cultures. The medium employed was 
Bacto-heart infusion broth with added 1% 
fraction A derived from bovine serum. The 
sedimented cells were washed in saline solu- 
tion and resuspended in 10 ml of a 1:30 dilu- 
tion of guinea-pig complement (Lyovac) . 
The fraction of bovine serum separating a t  
34% saturation with ammonium sulfate and 
used in the concentration found in the original 
serum served as antibody in one case. Solu- 
tions of bovine alpha-, beta-, and gamma- 
globulins were made in saline solution in con- 
centrations corresponding to that found in 
the original serum. These concentrations are 
as follows: alpha-globulin 0.84 g %, beta- 
globulin 0.78 g %, and gamma-globulin 0.66 
g %. These various serum components em- 
ployed as antibody were heated at  56°C for 
30 minutes, The hemolytic system consisted 
of a 1.5% suspension of washed sheep red 
blood cells which were sensitized by rabbit 
anti-sheep red blood cell serum. To 0.5 ml 
amounts of varying dilutions of the serum 
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TABLE I. Inhibitory E’ffeet on Growth of Pleuro- 
pneumonia-Like Organisms of V,arious Ammonium 
Sulfate Fractions of Bovine Semm without Added 

C<omplement . 
Mean clolony diameters in p 

Serum fracti,on 07 09 48 60 
Strain-, 

0- 34% saturation 0” 0 0 0 
34- 40% ” 0 0 0 0 
40- XY0 ” 37.9 23.3 0 0 
50- 6070 ” 43.8 63.0 23.4 15.8 
t50-100y* ” 105.4 74.0 107.5 121.2 

(Fraction A) 
Dialpzed serum 23.9 216.0 0 0 
N,ormal ” 25.4 15.8 0 0 

* Indicates that no growth occurred. 

fractions ranging from 1 : 6 to 1 :40 were added 
0.5 ml of the antigens suspended in comple- 
ment. -4fter mixing and allowing to stand 
overnight in the refrigerator, the sensitized 
red blood cells were added. The tubes were 
read after 30 minutes incubation in a 37°C 
water bath. Hemolytic, red blood cell, anti- 
gen, and anticomplementary serum controls 
were also run. 

Results. The inhibitory effect, measured as 
decrease in mean colony diameters, of the 
various ammonium sulfate fractions of bovine 
serum on the four test strains is shown in 
Table I. It can be seen that the inhibiting 
component separates with the globulin frac- 
tions when precipitated with ammonium sul- 
fate. The inhibitor appears to be scattered 
throughout the globulin fractions. Dialysis 
does not remove the inhibitor. To further 
substantiate the protein nature of the inhibi- 
tory component in bovine serum the fraction 
separating upon 34% saturation with am- 
monium sulfate was subjected to heat, acid, 
alkali, and enzyme hydrolysis. Portions of 
this fraction containing a high concentration 
of growth inhibitor were heated in a boiling 
water bath for 10 minutes in N HC1, N 
XaQH, and a t  pH 7.0. The neutralized 
hydrolysates exhibited no inhibitory activity 
against the 4 strains of PPLO while the un- 
heated control remained inhibitory. Diges- 
tion with pepsin and papain under optimal 
conditions for two hours altered the inhibitor 
enough that only slight inhibition was noted 
for the 2 less susceptible strains. The 2 
highly susceptible strains were completely in- 
hibited bv the 2 enzvmatic digests. 

Further definition of the serum component 
inhibitory for PPLO was attempted with the 
ethanol fractions of bovine plasma containing 
as their major components the alpha-, beta-, 
and gamma-globulins, respectively. The ad- 
dition of amounts of these various globulins, 
equivalent to that found in a final concentra- 
tion in the basal medium of 30% whole 
serum, as described previously, failed to in- 
hibit the growth of PPLO. The higher degree 
of purification of the ethanol globulin frac- 
tions as compared with the crude ammonium 
sulfate fractions had apparently eliminated 
either the inhibitory component or some factor 
necessary for the inhibition. In  a further at- 
tempt to associate the inhibitory activity of 
whole bovine serum to one of its globulin 
fractions, guinea pig complement (Lyovac, 
Sharp and Dohme) was added to the basal 
medium as an adjuvant to the various globulin 
fractions. 

The effect of the addition of complement to, 
the various preparations is shown in Table 11. 
Inactivated bovine serum exhibited no inhibi- 
tory activity for strains 07 and 09 but partial- 
ly inhibited the growth of the 2 highly sus- 
ceptible strains, 48 and 60. The addition of 
complement to the inactivated serum restored 
the inhibitory activity to some extent. The 3 
globulin fractions alone do not inhibit growth 
but, in the presence of complement, alpha- 
globulin markedly inhibits growth of PPLO. 
The inhibitory component is concentrated in 

TABLE X I .  Inhibitory Effect ‘on Growth of Pleuro- 
pneumonia-Like Organisms of Various Fractions of 

Bovine Plasma in Presence of Gomplement. 

Mean colony diameters in ,U 
y- Strain -------> 

Plasma f raetion 07 09 48 60 

Normal serum 26.0 19.2 0” 0 
Inactivated serum 138.2 112.2 30.5 47.9 
Inaetivatedserum 80.7 46.6 17.8 0 + complement 

complement 

complement 

complement 

a-globulin + 28.8 20.6 0 0 

p-globulin + 64.4 58.8 57.5 47.91 

y-globulin + 64.4 58.8 56.2 39.T 

Complement 63.0 54.8 39.7 35.6. 
Fraction ,4 131.8 117.9 71.2 71.2 

~~~~ 

* Indicates that no growth occurred. 
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TABLE 111. Complement-Fixation Titers of Vaz- 
ious Components of Bovine Plasma in Presence of 

Humm Strains of PPLO. 

, PI3 sma component-, 
Antigen (1-34 a-globulin p-globulin y-globulin 

+ Titer reprrsmts 50% fixation of complement. 

the alpha-globulin fraction since the inhibition 
of growth caused by the beta- and gamma- 
globulins was not significantly different from 
that caused by complement alone. Comple- 
ment in the form of normal guinea pig serum 
is inhibitory. As was mentioned above, guinea 
pig serum is one of the mammalian sera which 
are known to inhibit the growth of PPLO. 

The presence of the growth inhibitor in the 
globulin fractions and its lability to heat, acid, 
alkali, and enzymes suggests an antibody-like 
nature. Esperiments were run to determine 
if the inhibitor would fix complement in the 
presence of the organisms. 

Table I11 lists the complement-fixation 
titers of the various bovine serum components 
in the presence of human strains of PPLO. 
The 3476 ammonium sulfate fraction and 
alpha-globulin fixed complement in the pres- 
ence of PPLO but the beta- and gamma-glo- 
bulins failed to do so. Titration of the frac- 
tions used as antibody failed to reveal any 
ant i-complemen t ary activity. Hemoly tic and 
antigen controls likewise exhibited complete 
hemolysis. 

Since the alpha-globulin in the presence of 
complement causes inhibition of growth and in 
the presence of cells of PPLO fixes comple- 
ment, it appears that the inhibitor found in 
whole serum is antibody-like in nature and 
is associated with the alpha-globulin fraction. 
That the ammonium sulfate fractions will in- 
hibit growth without the addition of comple- 
ment may be explained by the possibility that 
some complement or fraction of complement 
may be sedimented along with the other pro- 
teins during the crude fractionation. 

Discussion. The antibody-like nature of 
the growth inhibitor for PPLO found in cer- 
tain mammalian sera is evident from its pro- 
tein nature, the requirement of complement 
for the initiation of growth inhibition, and the 

. fixation of complement in low titer in the 

presence of the organisms. The partial de- 
struction of the inhibitory component by 
enzymatic digest is in accord with the action 
of proteolytic enzymes on antibody for short 
periods of time. The inhibition of growth 
by the alpha-globulin in the presence of com- 
plement is possibly brought about by lysis of 
many of the organisms in the inoculum as well 
as those being produced during colony forma- 
tion. There may possibly be a component of 
complement or of the guinea pig serum which 
is exerting an additive effect. 

Beveridge, Campbell, and Lind(6) found a 
high percentage of normal human sera fixed 
complement in the presence of human strains 
of PPLO. I t  appears that only the sera of 
species presently known to be susceptible to 
infections with PPLO are inhibitory. Increas- 
ing the amount of toxic serum in the medium 
brings about greater inhibition of growth. I t  
is probable then that a low antibody titer 
exists in most susceptible individuals and is 
indicative of previous exposure to PPLO. 
From the information obtained from these 
experiments, complement fixation would ap- 
pear to warrant further investigation as a 
method for the diagnosis of infections caused 
by PPLO. The detection of circulating anti- 
body-like substances in individuals might sup- 
ply important information on the prevalence 
of these organisms. 

Summary. Bovine alpha-globulin (bovine 
plasma fraction IV, Armour) in the presence 
of guinea pig complement inhibits the growth 
of the pleuropneumonia-like organisms. Heat- 
inactivated bovine serum is slightly inhibitory 
but the alpha-, beta-, and gamma-globulins are 
non-inhibitory in the absence of complement. 
Complement by itself does not inhibit growth 
as extensively as when in the presence of glo- 
bulin. Alpha-globulin in the presence of the 
organisms fixes complement in low titer. 
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(PTC) Potency of Plasma Fractions.* 
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In  plasma thromboplastin component TABLE 11. Zn VVitro Effect of Plasma FractionB 
011 Residual Serum Prothrombin in PTC Deficiency. (PTC) deficiency disease, little or no shorten- 

ing of the prolonged blood coagulation time 
or improvement in deficient prothrombin blood) tion, mg/cc* (units/cc) 
utilization follows the in vivo or in vitro ad- 
dition of fraction I of Cohn( 1,Z). Other dif- 

factor (AHF) and PTC are shown in Table I. Fraction I 3.80 105 
A purified preparation of PTC, free of AHF, 11 5.10 255 

I1 + I11 18.50 < l a  

Substance added Residual serum 
(0.1 cc t o  2. cc of Concentra- prothrombint 

O . ~ ~ . ~ ~ ~ ~ ~  

___-__ 
180 

ferential characteristics of the anti-hemophilic Normal plasma < 10 

TABLE I. Differential Charactwistica of Plasma 
Thromboplastin Ooaponent (PTO) and Anti- 

Hemophilic Factor (AHF) . 
Source of material PTC AHF 

Xormal serum P'k a* 
Hemophilic plasma P A  
PTlC deficient plasma A P  
4 5 5 0 %  saturated (NH,)&Q, fraetjon P A 

0-33% saturated (NH,),SO, fraction 9 P 

Pseudcoglobulin-albumin frackion of P A 

RalSO, adsorbed normal plasma A P  
Citrate eluate from BaSO, which was P A 

of normal plasma 

of normal plasma 

normal serumt 

mixed with normal plasma or serum 
-~ ~~ 

* P = Prwent ; A = Absent. 
t Supernate after removal of euglobulin by di;lu- 

tion and acidification. 

*This work was supported in part by a research 
grant from the National Cancer Institute, of the 
National Institutes of Health, Public Health Service, 
and by grants from the kddynn Herndon MemloTial 
Fund and the Henry Slchussler Memorial Fund. 
Opinions expressed are those solely of the authors 
and in no m y  reflect the official views of the U. S. 
Air Force. 

t Major, M. C., U. S. Air Force. 

I V  9.52 15 
IV-1 4.09 < l o  
IV-4 5.43 100 
V 29.8 200 

* Each fraction was reconstituted t o  its original 
plasma concentration and dialysed against 0.32 70 
slodium citsate in 0.9% NaCl o'vernight. The dial- 
ysis fluid was then changed and the fractions 
didyaed anofther 4 hr. 

t Two-sta?ge method of Ware and Seegers (4), 
after incubation 'of blood for 1 hr at 37°C. 

prothrombin and prothrombin conversion ac- 
celerators has been made by acidification of 
normal serum, adsorption of the serum with 
barium sulfate, and elution of the PTC from 
the barium sulfate with sodium &rate( 2 ) .  
This preparation is highly potent in vitro, but 
is unsuitable for intravenous administration 
in the human subject. The present investiga- 
tion was conducted in an effort to find a potent 
PTC preparation suitable for intravenous ad- 
ministration among the fractions precipitated 
from plasma by varying the alcohol concen- 
tration and pH at low temperatures according 
to Cohn's methods (3) .  

Results. The PTC potency of the various 
fractions was determined by testing their 


