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L-TI, and thyroprotein was 1.3 times as ac- 
tive (based on 1% L-T4 content) as L-T4. 

In  a cornpasitson of subcutaneous and oral 
administration of these hormones in the male 
and using the subcutaneous administration as 
loo%, in two trials, L-T4 orally was 96.2 and 
88.8% as active. L-T3 was 67.51% as active 
and thyroprotein, 58.2%. In the females, in 
two trials, L-T4 was 40.7 and 68.7% as ef- 
fective orally; L-T3 was 55.9% as effective 
orally; and thyroprotein was 62.1% as ef- 
fective. Since the oral effectiveness of thyro- 
protein in male and females is about 6096, 
it is suggested that this value be used in es- 
timating the amount of thyroprotein to add 
to a poultry ration to equal the thyroxine 
secretion rate. 
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Factors Influencing Growth Inhibition of Mycoplasma pneumoniae 
By Immune Sera." (32391) 

GERALD W. FERNALD,~ WALLACE A. 'CLYDE, J R . , ~  AND FLOYD W. DENNY 
Department of Pediatrics, University of North Carolina School of Medicine, Chapel Hill 

Recognition of the importance of Myco- 
plasma pneumonke as a cause of human res- 
piratory disease has stimulated the develop- 
ment of a variety of methods for detecting 
a serologic response to this agent( 1). Each 
technique reveals a characteristic response 
pattern depending on its ability to detect the 
different immunoglobulins (Ig) (2).  Of the 
biologic properties demonstrable in sera fol- 
lowing infection or immunization with M .  
pneumoniae, only growth inhibition appears 
to derive significantly from all 3 classes: IgM, 
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IgA and IgG. Gro'wth inhibition (GI) has 
been quantitated di'rectly by determining a 
decrease in numbers of viable organisms in 
the presence of homologous antiserum and 
indirectly by metablic-inhibition techniques 
(3,4,5,6). This phenomenon has ~rec%ived 
particular attention because of its specificity 
and its tendency to persist in serum for pro- 
longed periods. However, GI methods gener- 
ally have been technically difficult to per- 
form and standardize, and have been utilized 
infrequently. To provide insight into the 
mechanisms of immune inhibition, the dy- 
namics of the GI reaction and variables af- 
fecting its expression were studied. 

Materials and methods. All procedures ati- 
lized a broth medium(7) composed of 70% 
Difco PPLO broth, 20% unheated horse se- 
rum, 112% yeast extract, 1% dextrose, 0.004% 
phenol red and li000 units of penicillin GJml. 
The broth base was pretested for ability t~ 
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support optilmd growth of M .  pzeumoniae 
and a single lot was used for all experiments. 
Horse serum was pretested by the supplier for 
ability to promote optimal growth of myco- 
plasmas. 

Normal sera. Human, rabbit and hamster 
I b l d s  were allowed to clot overnight at room 
temperature before separation of sera. Horse 
and precolostrum calf sera (Robbin Labora- 
tories, Chapel Hill, N. C.) were obtained 
from single donors and kept at 4°C for 24 
to 48 hours until delivered to this laboratory; 
separate lots were divided into aliquots and 
frozen at -20°C until needed. Pooled ly- 
ophylized guinea pig complement (Baltimore 
Biological Laboratories) was reconstituted 
and stored at -70°C until used. 

Immune sera. Three-week and six-month 
convalescent sera were obtained from an 
aduIt patient with M .  pneumoniae pneumonia. 
Detailed studies of the antibody content of 
these sera are presented elsewhere( 2). Rabbit 
antisera to M .  pneumoniae and 7 other myco- 
plasma species (Table I )  were prepared by 

TABLE I. Specificity of M .  pneumoniae Growth 
Inhibition. 

M .  pneumoniae inhibited (log,) t 
antisera* Pre-immune sera Immune sera 

Mycoplasma 

~ 

M .  pneumoniae 
M .  fermentans 
M. salivarium 
M. hominis 
M .  pharyngis 
M .  gallisepticum 
M .  canis 
M .  pulmonis 

10 
0 
0 
0 
0 
0 
0 
0 

* Pre- and pwt-immunization sera of rabbits 

t Number of 2-fold dilutions inhibited by 1 : l O  
given listed Mycopldsma antigens. 

antisera compared to control without antisera. 

intravenous inoculation of broth-grown or- 
ganisms as described previously ( 2 ) . 

Organisms. M .  Meumoniae, strain Mac, 
was cultured at 35°C on a rotary shaker for 
4 days; aliquots were stored a t  -70°C. Rep- 
licated plate munits of this material averaged 
1 0 7 a 5  colony-forming units (CFU)/ml. 

Titration procedures. Microtiter “U” plates 
(Cooke Eng. Co. #220-24, supplied in sealed 
polyethylene bags) were used as received for 
all experiments. Equal volumes (0.05 ml) of 
antiserum and organism dilutions were added 

to the wells, followed by 0.05 ml of diluenlt. 
Plates were sealed with cellophane tape and 
incubated at  37°C. Fermentation of glucose 
in the medium, reflected ‘by a decrease in pH, 
served as an index of growth; the validity of 
this observation was easily checked by micro- 
scopic observation of mycoplasma “spherules” 
in the wells. End points were taken as the 
highest dilution showing at least 0.5 pH 
change from the control. The color dif- 
ferences were intensified by puncturing the 
tape over each well 1-2 hours before reading. 

Results. Dynamics of M. peumonia~ 
growth inhibition. Immune inhibition was 
presumed to be lthe result of the interaction 
of 3 major variables: number of organisms, 
concentration of antibody, and time. A fourth 
reactant, heatahbile accessory factor, gener- 
ally held constant by incorporating fresh se- 
rum in the culture medium, will (be con- 
sidered below. To evaluate the kinetics of the 
GI reaction a series of checkerboard titrations 
was prepared employing 2-fold dilutions of 
organisms and immune sera. Growth of the 
organism was observed over a 14 day period 
of incubation; representative experiments 
with rabbit antiserum and human conva- 
lescent serum are shown in Fig. 1. A linear 

RABBIT AWTISERVY 

2 - M Y I N  CONVALESCENT SFRIIY 

OUANTITY OF ORGANISMS. LOGlO COU)NY-FORMING UNlTSlWELL (O.lml) 
.DAYS IWM P C  

.*OIIOLI(IYI m * l R o L .  w u w  ImicAics mown. 

FIG. 1. Dynamic aspects of Mycoplasma pneu- 
moniue growth inhibition test. Successive figures show 
daily stages of checkerboard stitrations performed in 
microtiter plates. 

relationship between the organism and serum 
dilution endpoints was established by the 5th 
day and, although .further incubation ex- 
panded the range of endpoints, the slope of 
(this line remained constant. Both rabbit 
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and human serum experimenlts showed a 
similar temporal progression although the 
latter was marred lby an early growth break- 
through at the 1:40 and 1:80 serum di- 
lutions. By plotting Ithe logarithm of the 
number of organisms inhibited against the 
logarithm of the serum dilutions, the quan- 
titative Irelationship of these two variables was 
determined. Using data from day 7 (Fig. 1) 
the slope of the regression line was approxi- 
mately 2.0 for both sera, as demonstrated in 
Fig. 2. Thus the serum dilution endpoint, as 

. 

HUMAN SERUM 
A RABBIT SERUM 

O& 
1.0 2 .o 3.0 

SERUM DILUTlON,-LOG~~ 

FIG. 2.  Quantitative relationship between amount 
of M .  p n e u m o n b  inhibited and serum dilution. 
Cfoordinates derived from readings on 7th day of 
incubation (see Fig. 1). 

well as the time required fur full development, 
was inversely proportional to the initial dose 
of organisms in each well. 

The above data indicated that growth inhi- 
bition could be expressed in two ways: either 
as the highest dilution of serum inhibiting a 
constant number of organisms or as the maxi- 
mum number of organisms inhibited by a 
constant amount of antiserum. These al- 
ternative methods for measuring GI  antibody 
were compared by applying (both to a random 
group of 23 human and 9 rabbit anti-M. 
pneumoniae sera. Fig. 3 compares results ob- 
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HUMANSERA 
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RECIPROCAL OF SERUM DILUTION 
INHIBITING 104 cfu 

FiJG. 3. Correlation of results obtained by alter- 
native methods for measuring growth inhibition of 
M. pneummiae by immune sera. 

tained by titering 2-fold organism dilutions 
against a constant 1:10 serum (ordinate), 
and serial 2-fold dilutions of the same sera 
against a constant lo4 CFU inoculum 
(abscissa). The cwrdinates of these paired 
determinations describe a straight line, the 
slope of which is 1.5 .  Thus, within a limited 
range especially suited to human convalescent 
sera, dilution of antigen in the presence of a 
constant amount of antiserum provided an 
advantage in sensitivity. However, the ob- 
verse method, serum dilutionconstant anti- 
gen, was better suited to tibation of hyper- 
immune sera. 

Specificity. To determine if specificilty had 
been forfeited 'by the gain in sensitivity af- 
forded by the organism-dilution technique, 
M .  pneumoniae was titered against rabbit 
antisera to 5 human mycoplaslmas and 3 
additional fermentative species as listed in 
Table I. These data indicated that growth 
inhibition was produced by the homologous 
combination only. 

In another experiment 14 different strains 
of M .  pneumonia were titered against the 
same reference human antisera to determine 
if variations in serum inhibitory capacity 
could be detected. The history of these or- 
ganisms ranged from recenlt isolates to high 
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passage labratory strains. All strains were 
inhibited to the same degree when the antigen 
pools were adjusted to yield equivalent num- 
bers of viable organisms per unit volume. 

Heat labile serum factors. Growth inhi- 
bition of M .  pzeumoniae in broth media has 
been shown to require lthe presence of heat- 
labile serum factor. Both guinea pig and 
horse serum have been employed for this 
purpose(6). However, attempts in this labo- 
ratory to utilize commercial guinea pig “com- 
plement” even at  high dilutions revealed in- 
hibition of growth in control wells. Because 
of this observation, different animal sera were 
screened for natural inhibitors to M .  pteu- 
moniae. Fresh or heated (56” X 30 min) 
normal animal sera were serially diluted in 
heated or freshly prepared complete broth 
medium and each dilution was inoculated 
with 104 CFU of organisms. As shown in 
Table 11, fresh horse serum contained little 
or no inhibitory property, but other animal 
sera required heat-inactivation to permit 
optimal growth. In the case of guinea pig 
serum, heating of the broth medium was also 
required to reduce the inhibitory effect sig- 
nificantly. This suggested the presence of 
specific antibody ; the remaining heat-stable 
inhibitor was found to be sodium azide which 
is present in commercial complement. In 
view of the above findings, horse serum, pre- 
tested for its ability to support growth inhi- 
bition, has been used to prepare all media for 
the GI procedure. 

Since fresh sera from unimmunized animals 
may contain heat labile inhibitors for M .  
pneumoniae, these factors also would be ex- 
pected in immune sera. For this reason heat 

M yco plasma pneumoniae 

inactivation is necessary before testing serum 
for GI antibody. However, heating, as well 
as aging, was found to reduce the inhibitory 
activity of immune sera. The ability of 
fresh horse serum (accessory factor) to reac- 
tivate specific and nonspecific inhibition by 
human and rabbit sera was evaluated by 
studying the effect of heat on mbinat.ions of 
these components. As shown in Table 111, 

TABLE 111. Effect of Heat-Labile Serum Factors 
on Growth Inhibition of H. pneumoniae. 

CFU M. pneumoniae 
inhibited, logp 

Time Fresh Heated 
Serum” (wk) Heatedt medium$ medium+ 

Hyperim- 0 8 8 
mune rabbit 2 N O  10 6 

4 >11 > l o  
0 0 0 
2 Yes 7 0 
4 9 1 

Convalescent 3 NO 8 5 
human 24 >11 >11 

3 Yea 2 0 
24 8 0 

1 : l O  dilution in heated broth medium. 
t 56” X 30 min. 
t Prepared with 20% fresh horse serum. 

the presence of accessory factor restored the 
specific inhibitory acltivity of immune sera 
but did not reactivate non-specific inhibitors. 

Reproducibility. Definition and control of 
the variables outlined above made it possible 
to assess the reproducibility of the GI assay. 
For these experiments replicate titrations were 
performed using a single antigen pool, a hu- 
man convalescent serum and a rabbit anti- 
serum. (Test sera were heat inactivated and 

TABLE 11. Effect of Fresh Normal Sera on Growth of M. pneuntoniae. 

Reciprocal of serum dilution inhibiting 
lo’ CFU organisms 

Fresh serum in Heatedt serum Heated serum in 
Serum Source fresh medium* in fresh niedium heated medium 

Horse 3 donors 2’t <2 <2 
Pre-colostrum calf 2 ” 16 ‘t <z  <2 
Rabbit Pool of 6 32 4 <2  
Haaster ” ” 6 8 2 2 
Guinea pig TJpophilized pool$ 128 64 16 

~~~~~~~ ~ 

* Complete PPLO broth culture medium containing 20% fresh horse serum. 
t 56” X 30min. 
t Mean of determinations on each donor. 
$ Commercial product contains 0.1% sodium azide. 
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titrations were performed in broth supple- 
mented with fresh-frozen horse serum). 
Fifteen tiltrations of each of the two immune 
sera against a constant quantity of organisms 
revealed a standard deviation of 0.8 tube ( < 1 
log2 serum dilution). Using the same human 
serum at 1 : 10, 30 titrations of the organism 
pool were performed to evaluate the constant 
serum-varying organism technique. The ca- 
pacity of this serum to inhibit growth also 
had a standard devhtion of 0.8 tube ( < 1  
log, CFU). Thus, under the conditions de- 
fined, a random variation in results exceeding 
a 4-fold difference in endpoints by either 
method would occur less than once in 20 
tests. 

Discussion. Eaton has suggested that the 
inhibition of M .  pneumoniae by specific anti- 
serum is andogous to virus neutralization. 
However, unlike many viruses, neutralization 
of M .  pneumoniae inlfectivity requires com- 
plement-like factors which are available in 
vivo, but must be added [to in vitro tests(8). 
The kinetics of virus neutralization have been 
studied by Tyrell and Hvrsfall, and others, 
who found a linear relationship btween the 
logarithm of the quantity of virus neutralized 
and logarithm of the serum dilution endpoint. 
The slope of the regression line ranged be- 
tween 1.0 and 4.0, depending on the virus and 
the methodology employed (9). Observations 
on the quantibtive aspects of M .  pzeumoniae 
growth inhibition have not lbeen reported 
previously. In  the present study a linear 
relationship between log CFU M .  pzeumoniae 
inhibited and log antiserum dilution was 
demonstrated, the regression ratio being 2.0. 
Thus, a Mold change in serum dilultions af- 
fmted the final expression of the test to the 
same degree as a 4-fold change in amount of 
antigen. 

These findings imply that a GI assay based 
on titration of antigen against constant se- 
rum would be twice as sensitive as the more 
conventional serum titration methods for ex- 
pression of antilbody activity. Indeed, a com- 
parison of resullts by both methods per- 
formed on randomly selected sera showed this 
advantage to hold in practice. This increase in 
sensitivity, gained without sacrificing speci- 
ficity, has facilitated detectiun of GI antibody 
in human and hamster sera and in dilute 

fractions from chromatographic columns ( 2 ) . 
The enhancing effect of fresh serum on im- 

mune inhibition of M .  pneumoniae was first 
demonstrated in tissue culture( 10). Sub- 
sequently, i t  has been observed that inhibition 
of growth in artificial media is also dependent 
on heat labile serum factors(6). In  the 
present study the fresh h m e  serum used 
to supplement growth medium was found to 
serve as an ideal source of these factm. 
Most other animal sera, including guinea pig, 
required heat-inactivation (to mmve n m -  
specific inhibitory activity, thus making them 
useless as a source of accessory factor. These 
observations provide an explanation for (the 
failure of rabbit serum to support growth of 
M .  pneumoniae as reported by others( 6 , l l )  . 
In fact, i t  has been ‘possible to gruw M .  Feu-  
moniae in Medium 199 supplemented with 
heat inactivated rabbit serum and dialyzed 
yeast. This material has been used to im- 
munize rabbiits without producing antibodies 
to heterologous proteins. 

Summary. Studies on growth inhibition of 
M .  Feumoniae revealed three interdependent 
major variables: number of organisms used in 
titrations, amount of antiserum, and time of 
test incubation. A linear relationship between 
the logarithms of the number of organisms 
inhibited and the antiserum dilution was ob- 
served in which the regresslion ratio was 2.0. 
Heat-labile factors in normal sera, required 
for inhibition of M .  pneumoniae, were readily 
provided by incorprating fresh frozen horse 
serum into the growth medium. Other ani- 
mal sera could not ‘be used because of the 
presence of heat-labile inhibiltors; commercial 
guinea pig “complement” additionally con- 
tained 2 heat-stable inhibitors, specific anti- 
Ibdy and sodium azide. Control of the fac- 
tors indicated provided means of producing 
immune inhibition measurements af varying 
sensiltivity which were reproducible within a 
4-fold range a t  the 95% confidence level. 
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Two components of insulin-like activity 
(ILA) have been described in serum. One is 
that fraction readily identifiable by immuno- 
assay( 1) ; the other is that fraction of se- 
rum, nonreactive with insulin specific antise- 
rum and, hence, “nonsuppressible” on bioas- 
say( 2,3,4). This latter component has ;been 
studied extensively by investigators using 
widely differing methods of preparation and 
assay(2,3,4). This fraction has been called 
“bound” insulin (4) , “atypical” insulin (3) 
and nonsuppressiible insulin-like activity 
(NSILA) ( 2 3 ) .  Recent investigations in our 
labratory(6,7,8) support the initial postulate 
of Kipnis and Stein(9) that these forms of 
TLA are probably identical. Because of the 
lack of indisputable evidence readily iden- 
tifying this component as insulin or one of its 
metabolites, we prefer the terminology of 
Froesch et a2( 2,5) , nonsuppressible insulin- 
like activity (NSILA) . 

Studies of the quantitation of NSILA in 
diabetes melli tus and following oral glucose 
administration have yielded inconsistent and 
confusing results ( 2,3,10). In  most instances, 
major changes in NSILA have not been dem- 
onstrated in humans. Previous work has 
failed to establish whether or not NSILA is 
cleared in the circulation ( 1 1 ) . Therefore, 
these investigations were undertaken to deter- 
mine whether the liver removes NSILA from 

* This work was supported by USPHS Grants AM 
02456, 5 TO1 AM 5020, AM 07339, 5 R 0  1 A M  10215, 
a Grant from the United Health Foundations, and 
USPHS Fellowship 5 F2 AM-30, 112-02. 

the circulation and to compare its removal 
rate with that of crystalline insulin. 

Methods. NSILA was prepared from pork 
plasma beca.use of the lack of availability ot 
sufficient human or rat plasma. When dia- 
lyzed and assayed directly a t  2.5% concen- 
tration in the isolated fat cell bioassay( 12, 
13), pork plasma. contained 60 pU NSILA/ 
mll. After preparative chromatography on 
Duwex 50 (4,8,13 ) , the lyophilized NSILA 
preparation contained 2 50-300 pU/mg. 

Intact livers weighinig 14-15 g from 
male !$rague-Dawley rats (450 g), fed ad 
libitum, were perfused cyclically according to 
the method of Miller et d(14) .  Heparinid 
rat blood, diluted 1:3 with Ringer’s solution 
(Hematocrit = 17%) , was used; the total 
perfusate volume was 80 ml. Blood flolw 
through the liver was maintained at 25-30 
mI/minutes, and the perfusions terminated 
after 4 hours. Viability of the preparation was 
assessed by the appearance of the liver and 
bile output. Sampling was done from the 
hepatic effluent and not more than 10 ml 
( 12%) were removed during any single per- 
f usion. 

After a one-hour control period, crystalline 
pork insulin (Lilly 25 UJmg) was added to 
the perfusate to give an initial concentration 
of 2000 pU/ml. Serial wmples were taken 
throughout three hours. In  additional ex- 
periments, 100 mg porcine NSILA (300 pU/ 
mg) were introduced into the perfusion (bath 
and serial sampling performed as above. 

Samples from the 2 insulin perfusions and 


