
host antibodies on repeated immunization of 
guinea pigs, these were present in such low 
titers that on simple dilution the antisera 
would show specific activity only. The prac- 
tical value of some of the antisera prepared 
for this study has been proved by using them 
in CF typing of enterovirus isolates (8). 

On the other hand, the data presented show 
that, besides the host activity, the specific ac- 
tivity of fluorocarbon-treated antigens should 
be tested before using them for immunization. 
From ECHO types 15-19 no antisera were 
available during time of immunization. Hence, 
the lack of specific virus antibodies in ECHO 
type 19 antiserum may be caused by lack of 
specific virus activity in fluorocarbon-treated 
immunization antigen, which could not be 
tested. 

Since each virus group differs in suscepti- 
bility to fluorocarbon treatment (4),  the 
fluorocarbon technic can not be adapted di- 
rectly to preparation of antisera of other vi- 
ruses, but if adaptable it might be of value. 

Tt was found that ECHO and 
poliomyelitis virus antisera without host CF 
antibodies could be prepared in guinea pigs by 
immunizing the animals with fluorocarbon- 
treated cell culture grown virus. Although in 
repeated immunization of guinea pigs 3 out 

Surnmcry. 

of 12 fluurocarbon-treated antigens with no 
host CF activity produced host antibodies in 
titers of 1:32 and 1:64, specific virus titers 
were 16 and 32 times higher. It was also 
found that, besides the host activity, the spe- 
cific virus activity of fluorocarblon-tre,ated an- 
tigens should be tested before using them for 
immunization. 

The authors are indebted to Mr. Hernon Fox and 
Mr. Horace Turner for technical assistance. 
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Concentrated Culture of Gonococci in Clear Liquid Medium.* (26009 

PHILIPP GEKHARDT AND C . 4 .  H E I ~ N  (lntroduced by W. J. Nungester) 
Department o f  Bacteriology, liniversit y of Michigan Medical School, Ann Arbor, and 

Bakteviologiska Itistit ictionen, Knroliiiska lnst i t  z i t e f ,  Stockholm,  Sweden 

The ccjmmon practise is to grow Xeisseria 
gonorrhoeae on solid media, although the or- 
ganism can be cultivated successfully on li- 
quid semi-defined ( 1,2 ) and undefined media 
( 3 ) .  These must usually be enriched with 
blood, starch, charcoal and similar material, 
however, and the resulting cloudiness compli- 
cates the observation of growth. An impor- 
tant growth-limiting characteristic of the 
gonococcus is its sensitivity to certain amino 

* Supported in part b!. research qrant fr ,  m Sxt. 

Inst. Health, I’.S.P.H.S. 

acids, fatty acids and possibly other toxic ma- 
terials that are carried with ordinary medium 
constituents(4) , including agar ( 5 ) .  Adsorp- 
tive removal of such inhibitory fact-ors appar- 
ently accounts for the necessity of adding vari- 
ous enrichment materials. These might be 
spatially separated from the actual growth 
environment and still function, provided that 
diffusional access to the enrichment material 
is provided, A simple biphasic flask system 
( 6 )  was SO employed and allowed attainment 
of gwnococcal growth in  a water-clear men- 
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struum and to a population density several 
times higher than usual. 

i1Iethud.s. The biphasic flask system ( 6 )  
consisted simply of a thick layer of medium 
solidified with 2 %  agar and overlaid with a 
thin layer of liquid medium. Xos t  of the ex- 
periments were done with 100 in1 of agar and 
2 5  ml of supernatant broth in a 250-ml Er- 
lenmeyer ilask. This method superficially 
resembles h i t  in principle differs from the 
double-medium technic of Castaneda ( 7 ) . 
which facilitates transfer and detection of 
colonies on an agar surface. 

The medium used was Difco’s dextrose- 
starch formulation consisting of 1.5% pro- 
teose peptone KO. 3,  .2$& dextrose, l ?  sol- 
uble starch. .5% NaCl. .3c/c S a 2 H P 0 ,  * 

2H20, and 2% gelatin. The final pH was 
7.3. The broth w s  clarified by adding Celite 
#5 12 (Johns-Nansville Co.) and filtering 
while hot through a pad of the same material. 
-4gar was added a t  a concentration of 1% for 
direct use and 2c/c for use as the underlay i n  
the biphasic system. 

Seven freshly-isolated strains of culturallq. 
1) r oven S e iss e r iu ,q u n o wh u 4 a c were obtained 
from the State Bacteriological Laboratory in 
Stockholm and were maintained by serial 
transfer on agar medium. Experimental cul- 
tures were inoculated with approximately l ”/. 
by volume from a 48- or 72-hour broth cul- 
ture, but the number of viable cells inoculated 
was found difficult to standardize. C‘onse- 
quently, the time course of growth could not 
be compared directly between experiments. 
Humidified air containing 10.2 carbon di- 
oxide by volume was maintained over the cul- 
tures by connecting them with a reservoir. 
Since little change in volume of the gas phase 
was observed, it also was possible simply to 
stopper tightly the flasks after flushing with 
the C02-air mixture. Incubation was a t  37°C 
on a rotary shaker, which was operated a t  
100-150 rpm in a radius of 13; inches. C u l -  
tural purity was checked by Gram staining 
and streaking on peptone agar. 

Growth was measured in nephelometer with 
a linear decimal scale to 100. Direct counts 
cf formalinized and diluted samples were 
made hy phase microscopy using a conven- 
tional counting chambcr. Estimates wvrrfi 

made of numbers of cells in clumps, and the 
assumption was made that half of the appar- 
ent single cells were doubles. However, degree 
c;f multiplicity varied between different meth- 
ods of cultivation so that a t  best the method 
only provided estimates of actual numbers of 
single cells. The data given represent mini- 
mum estimates. 

The results of growth in the biphasic system 
were compared to results in a control flask 
containing the same total volume of medium. 
(’oncentration index expresses how many 
times more concentrated the organisms are 
per milliliter in the liquid layer of the biphasic 
culture than in the control broth culture. 
J’ield index represents the ratio of total num- 
ber of cells per flask in the biphasic system to 
total number in the broth control. 

Rcszil fs .  A qualitative comparison od growth 
of 7 strains of S. gonorrhoeae first was made 
i n  shaken broth flasks, shaken biphasic flasks, 
static broth tubes, static biphasic tubes, and 
static agar-slant tubes. Complete dextrose- 
starch medium with appropriate addition of 
a:gar was used in each case. Some growth oc- 
curred under all of the conditioas, but it was 
readily apparent that the most rapid, dense 
and homogeneous liquid growth occurred in 
the shaken biphasic flasks. Growth of the 
strains varied from light to very heavy final 
populations. Typical quantitative result; 
with a representative strain grown in shaken 
biphasic flasks are given in the first line of 
data in Table I. Somewhat higher cell density 
but lower efficiency were obtained using 50 
in1 of agar overlaid with 12.5 ml of broth; 
r . ~ .  82 nephelos units, 5.1 x lo9 single cells 
per ml, a concentration index of 2.2, and a 
yield index of 0.44 were obtained after 72 hr 
incubation. 

Since the large molecular weight materials 
in dextrose-starch broth probably function as 
adsorptive and neutralizing materials rather 
than as nutrients, i t  seemed likely that incor- 
porating them in the agar layer of the biphasic 
system should provide the same function and 
that the broth overlay consequently could be 
sinzplified. Accordingly, a series of biphasic 
flasks was made in which components of dex- 
trose-starch broth were omitted from thc 
1)rnth ~ v e r l a y  and the layers were allo~rerl t o  




