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METHOD OF SCREENING FOR ANTICAPSULAR 
SUBSTANCES 

This is a continuation, of application Ser. No. 8,736, 
filed Feb. 4, 1970, now abandoned. 

BACKGROUND OF THE lNVENTION 

Virulence may be de?ned as the degree of pathoge~ 
nicity within a group of microorganisms. In some in 
stances, the ability of a pathogenic microorganism to 
cause a disease or infection can be partially related to 
the production of speci?c cellular structures or prod 
ucts, hereinafter referred to as “virulence factors.” Ex 
amples of such virulence factors are capsules, certain 
enzymes, toxins, and antigens. Any treatment of such 
a pathogenic microorganism, which would in some way 
alter either the biosynthesis or biological function of a 
virulence factor, may in fact have therapeutic utility. 

Streptococcus zooepidemicus and Streptococcus pyog 
enes, members of the Pyogenic group of Streptococci, 
both produce a capsular structure composed of hyal 
uronic acid at the outer surface of their cell walls. This 
capsule has been implicated in the virulence of the lat 
ter microorganism by rendering it less susceptible to 
phagocytosis and destruction when phagocytized: 
(Falcy et al., “Studics on the Pathogenicity of Group A 
Strcptocci," J. Exp. Med., 1 i0: 603-605 (I959); Roth 
bard, J. Exp. Med. 88: 325 (i948); Kass and Seastone, 
“The Role of Mucoid Polysaccaride (hyaluronic acid) 
in the Virulence of Group A Hemolytic Streptococci,” 
J. Exp. Med., 79: 3l9-329 (1944). Such encapsulated 
cells are also resistant to infection and lysis by bacterio 
phage, hereinafter referred to as “phage.” 

It has been found that a strain of S. pyogenes which 
produces a hyaluronic acid capsule, a phage speci?c 
for this strain, and an appropriate positive control, 
which in this case is the enzyme hyaluronidase, can be 
employed to detect the activity of, and hence screen 
for, substances which inhibit the synthesis of said cap 
sule. Such substances, hereinafter referred to as an 
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ticapsular compounds, do not usually exhibit classical . 
antibacterial activity, and thus are not detected in con 
ventional antibiotic screens currently employed by 
those skilled in the art. 
The anticapsular compounds detected in the screen 

ing process of this invention inhibit the synthesis of the 
hyaluronic acid capsule of S. pyogenes. Cells of S. pyog 
enes thus treated are signi?cantly more susceptible 
than encapulated cells to in vitro phagocytosis by 
human leukocytes. Administering anticapsular com 
pounds to a suitable host may allow the host’s phago 
cytic system to more readily destroy the infecting S. py 
ogenes, as well as enhance the activity of conventional 
antibiotics against such organisms. Such compounds 
may also be useful in treating conditions in man 
wherein an increased production of hyaluronic acid is 
implicated. Such conditions include 
syndrome, l-lurler’s syndrome, myxedema, osteroar 
thritis, arthro'acteoonychodysplasia, and neuropathy. 

SUMMARY OF THE ‘INVENTION 
This invention relates to a method of screening for 

anticapsular compounds. As used herein,>an anticapsu 
lar compound is one which inhibits the formation of hy 
aluronic acid capsules of pathogenic microorganisms 
wherein the capsule is implicated in the virulence of the 
microorganisms. The screen process of this invention 
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2 
utilizes a capsule-forming, pathogenic microrganism or 
bacterium, a bacteriophage to which the organism is 
susceptible only when non-encapsulated, and a suitable 
positive control which removes the hyaluronic acid 
capsule but does not inhibit either the bacterium or the 
bacteriophage, to screen for anticapsular compounds. 

Generally speaking, ?ltered fermentation broths or 
solutions of organic compounds are screened for an 
ticapsular activity as follows. Assay plates are prepared 
containing a culture of the hyaluronic acid capsule 
forming Streptococcus, and a stock solution of the par 
ticular bacteriophage which will infect and lyse the or~ 
ganism only when the organism is not encapsulated. 
Control plates contain no bacteriophage. Filter paper 
discs, dipped in the sample to be screened, are applied 
to the plates, and zones of lysis of bacterial growth are 
observed and recorded after a suitable incubation pe 
riod. Samples producing zones of inhibition on the con- _ 
trol plates are considered to exhibit classical antibiotic 
activity and are discarded. Samples producing zones of 
lysis on test plates, but no zones of growth inhibition on 
control plates are considered to have anticapsular ac 
tivity. - 

As will be apparent to those skilled in the art, by ap 
propriate modi?cation, the method of this invention 
can be used as a means of assaying such compounds 
during production, isolation, purification, and like pro 
cedures. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The screening method of this invention can be more 
fully understood by the following example, which shall 
be considered the preferred-embodiment of this inven 
tion. According to the preferred embodiment of this 
invention, ?ltered fermentation broths and solutions of 
organic compounds are screened for anticapsular activ 
ity as follows. 
A single-colony isolate from Streptococcus pyogenes 

ATCC 12384 is used as the test organism. The organ 
ism is a Group A Streptococcus, which, under appro 
priate conditions, produces a hyaluronic acid capsule. 

The test organism is cultured and maintained by rou 
tine procedures well known in the art in a culture me 
dium of Difco Brain Heart Infusion (Bl-ll) broth con 
taining 5 percent by volume sterile horse serum. Maxi 
mum capsule formation is usually observed after the 
cultures have been incubated for approximately 2.5 to 
3.5 and preferably 3 hours at from 35° to 39° c. ‘and 
preferably 37° C. After the incubation period, the cul 
tures are adjusted to an CD. of 0.2 to 0.3, preferably , 

> 0.25 at 540 mu for use in plating. 
A phage was isolated, hereinafter referred to as 

phage X240, ATCC No. 123848, by methods well 
known in the art, which was capable of infecting and 
lysing only the non-encapsulated Streptococcus pyog 
enes host cells. Sewage samples were plated on double 
layered agar plates prepared according to the method 
described by Adams, Bacteriophage, p. 450, lntersci 
encePublishers, Inc., New York (1959), containing 
from 0.2 to 0.4 ml. of the above cell suspension of the 
bacterial host and from 110-135 international units of 
hyaluronidase in the soft agar layer. Plaque picks were 

_ made according to methods well known in the art, and 
a phage stock having a titer of 1 X 10“ plaque-forming 
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units/ml. was prepared by repeated propagation as 
hereinbelow described. 
The bacteriophage so selected was progated on dou 

ble-layered agar plates containing preferably 0.3 ml. of 
the above-prepared culture of Streptococcus pyogenes 
ATCC 12384, 125 international units of hyaluronidase, 
(commercially available from Nutritional Biochemi 
cals), in physiological saline and 0.1 ml. of phage stock 
having a titer of at least 1 X 109 plaque-forming units 
per ml. in the soft agar layer. The above concentrations 
gave con?uent lysis after incubation overnight at 37° C. 
The soft agar layers were then harvested in 2.5 
ml./plate of 81-11 broth, centrifuged, and the superna 
tant ?ltered through a sterile, membrane ?lter having 
a pore size of 045g. The resulting phage stock has a 
titer of approximately 1 X 109 plaque~forming units per 
ml. as determined by titration of several dilutions of the 
phage’ stock on plates prepared as above for propaga~ 
tion of the bacteriophage. 
Test and control plates are then prepared for screen 

ing. The test plates contain approximately 1.0 ml. of 
the above-prepared Streptococcus pyogenes cell suspen 
sion, having an CD. of 0.25 at 540 my., 0.2 ml. of 
above-prepared phage stock having a titer of approxi 
mately 1 X 109 plaque-forming units per ml., and from 
10 to 14 and preferably 12 ml. of BHI agar containing 
0.8 percent by weight of agar and 5 percent by volume 
of sterile horse serum in a 100 mm. square phage plate. 
Control plates, prepared as above, contain no bacterio 
phage. 
After the agar had solidi?ed, small (approximately 

I 6.35 mm. diameter) ?lter pads are dipped into the sam 
ples-to be screened for anticapsular activity and applied 
to each plate. 1f the compounds to be tested are organic 
solutions, rather than ?ltered fermentation broths, the 
discs are dipped into the organic solutions and air-dried 
before they are applied to the test and control plates to 
minimize the solvent effects. As a positive control, ad 
ditional pads dipped in a hyaluronidase solution, pre 
pared as above, are also applied to each plate. The test 
and control plates are then incubated at temperatures 
of from 28° to 37° C., preferably 30° C., for from 15 to 
18 hours, preferably for about 16 hours. The plates are 
then observed for zones of inhibition. 
After the test and control plates have been incubated 

for an appropriate period of time, the plates are .ob 
served, and the results from corresponding samples on 
tests and control plates are compared. Samples produc 
ing zones of inhibition on the control plates are consid 
ered to be antibiotic in nature and are discarded. Sam 
ples producing zones of inhibition on the test plate but 
no zones of inhibition in the control plates are consid 
ered to be anticapsular in nature, and are subjected to 
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4 
a con?rming screening procedure using larger ?lter 
pads on control and test plates for greater ease and ac 
curacy in reading the zones. The pads dipped in hyalu 
ronidase, which serve as a positive control, will give 
zones of inhibition on the test plate and no zones of in 
hibition on the control plates. Such results provide evi 
dence that only the non-encapsulated bacteria are sus 
ceptible to infection and lysis by the bacteriophage. 
Such positive control readings are essential to the inter 
pretation of the zones of lysis observed on test plates. 

I claim: 
1. A method of screening for compounds which in 

hibit the formation of hyaluronic acid capsules on 
pathogenic microorganisms comprising: 

a. selecting a hyaluronic acid capsule-forming micro 
organism, a bacteriophage which will infect and 
lyse the microoraganism only when said microor 
ganism is non-encapsulated, and a positive control 
which is an amount of hyaluronidase which will re 
move the hyaluronic acid capsule formed by said 
microorganism without destroying the microorgan 
ism, or bacteriophage; ' 

b. plating the hyaluronic acid capsule-forming micro 
organism and a bacteriophage on the agar test 
plate; 1 

c. plating said hyaluronic acid capsule~forming mi 
croorganism on an agar control plate; 

d. applying a compound to be tested to an area of 
said test and control plates; 

e. applying said positive control to a separate area of 
said test and control plates; 

f. reading the zones of lysis or inhibition of bacterial 
growth on said test and control plate. 

2. A method in accord with claim 1 wherein the‘ hyal 
uronic acid capsule-forming microorganism is 
Streptococcus pyogenes. , ' 

3. A method in accord with claim 2 wherein the hyal 
uronic acid capsule-forming microorganism is 
Streptococcus pyogenes ATCC 12384 and the bacterio 
phage is phage Ox240, ATCC 123848. 

‘ 4. A method in accord with claim 2 wherein said test 
plate contains from 0.5 to 1.5 ml. of a cell suspension 
of Streptococcus pyogenes having an CD. of 0.3 at 540 
mu. . 

5. A method in accord with‘ claim 3 wherein said test 
plate contains from '110 to 135 international units of 
hyaluronidase. - . 

6. Av method in accord with claim. 5 wherein the 
phage stock has a titer ' of at least l X 109 
plaque-forming units. ' I v 


