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It has been demonstrated that some strains of
Aerobacter aerogenes and Achromobacter fischeri
synthesized relatively large amounts of a muco-
polysaccharide which was depolymerized by
hyaluronidase (Warren, 1950, 1951). This syn-
thesis is of special interest because the bacterial
mucopolysaccharide (hyaluronic acid) depoly-
merized by hyaluronidase has been generally
assumed to be limited to the capsular structure
of mucoid strains of Groups A and C streptococci.
It was thought of interest to study other bac-
teria as to their ability to produce polysaccharides
which are depolymerized by hyaluronidase, and
the relation of the synthesis of the polysac-
charides to some environmental factors.

EXPERIMENTAL METHODS AND RESULTS

Cultures. In screening 60 cultures of various
species of bacteria for hyaluronidase substrates
the following organisms were found to produce
polysaccharides which were depolymerized by the
enzyme: Escherichia coli, Pseudomonas aeruginosa,
Proteus vulgaris, Vibrio comma, Serratia mar-
cescens, and Sarcina lutea. All cultures studied
were strains that had been maintained in a labora-
tory stock culture collection for several years on
nutrient agar slants.

Isolation of crude polysaccharide material. The
procedure used in following the polysaccharide
concentration of cultures during growth was as
follows: The organisms were grown on the surface
of agar in Roux bottles. Each bottle contained
200 ml of 0.5 per cent NaCl nutrient agar with
1.0 per cent glycerol, and the reaction was ad-
justed to pH 7.4. Following sterilization the
bottles were seeded heavily with a 24 hour cul-
ture of each species of organisms and incubated
at 37 C for 1 to 5 days. The cells were harvested
carefully with 25 ml of 0.1 M acetate buffer,
pH 6.0, centrifuged, and resuspended in 25 ml
of buffer. The bacterial suspensions then were
placed in a boiling water bath for 30 minutes,
and after removing bacterial debris by centrifu-

gation or filtration, the supernatant fluid con-
taining the crude polysaccharide was collected
and stored at 4 C.

Since it was found that the isolated bacterial
polysaccharides which were attacked by hy-
aluronidase gave a fairly stable colloidal sus-
pension with dilute acidified horse serum (pH
3.1) sirnilar to that produced by hyaluronic acid,
a turbidimetric procedure (Meyer and Palmer,
1936) was employed in titrating the polysac-
charide. The optimum incubation period for the
synthesis of the polysaccharides was usually be-
tween 72 and 96 hours. For standardization pur-
poses it was found convenient to dilute the poly-
saccharide with acetate buffer so that a turbidity
value of 100 scale divisions on the colorimeter
(red filter no. 66) was produced by the interaction
of 1.0 ml of polysaccharide, 0.5 ml of acetate
buffer, and 4.0 ml of a 1:40 dilution of acidified
horse serum. In general a 1:2 to 1:4 dilution of
polysaccharide was necessary to obtain this
turbidity.

The depolymerization of crude polysaccharides
by hyaluronidase. Bovine testicular hyaluronidase
possessing 1,400 turbidity reducing units per
mg (TRU/mg) as evaluated by the assay
method of Kass and Seastone (1944) was used
in the depolymerization studies. Each standard-
ized polysaccharide was combined with 0.2
mg per ml of active and heat inactivated hyalu-
ronidase (100 C-30 minutes) and tested for
depolymerization by a turbidimetric method
described previously (Warren et al., 1948).

In the first experiment, standardized bacterial
polysaccharides were depolymerized by active
and heat inactivated hyaluronidase (table 1). A
significant reduction in turbidity of the various
polysaccharides was produced by the enzyme,
but heat inactivated hyaluronidase was still
capable of attacking the polysaccharide substrates
to a certain extent. These results are in agree-
ment with those obtained in a previous study
with Achromobacter fischeri polysaccharide (WVar-
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TABLE 1
The depolymerization of crude bacterial

polysaccharides by hyaluronidase
PER CENT TURBID-
ITY REDUCTION

INCU-
ORGANISM RATION Active Heat in-MPERIOD hyalu- activated

roni- hyaluron-
dase idase

hours

Escherichia coli............. 96 51 40
Pseudomonas aeruginosa 72 49 33
Proteus vulgaris ............ 96 43 20
Vibrio comma .............. 96 55 44
Serratia marcescens 72 40 29
Sarcina lutea............... 96 25 20

ren, 1951) and may be attributed to enzymatic
factors or nonenzymatic components of the
testicular "hyaluronidase" complex not usually
associated with the depolymerization of hyalu-
ronic acid.

Polysaccharide production by bacteria in media
containing various carbohydrates. The stock cul-
ture medium without added carbohydrate was
prepared and dispensed by methods previously
described. Twenty-five per cent solutions of
galactose, sucrose, and glucose were sterilized by
Seitz filtration and aseptically added to the
sterilized liquefied medium so that a final con-
centration of one per cent was obtained. The
bottles were seeded heavily with 24 hour cul-
tures of the various bacteria and incubated at
37 C for 72 to 96 hours. Growth was measured
turbidimetrically with the Klett colorimeter.
The cells were harvested, extracted, and assayed
for substrate activity as described.
The effect of the carbohydrates on the pro-

duction of the polysaccharides can be seen in
table 2. The values were obtained from several
experiments. With the possible exception of
E. coli and V. comma, no relationship appears
to exist between the growth of the organisms
and their ability to produce the polysaccharides.
The addition of one per cent glycerol had a
stimulating effect on the growth and substrate
production of both of these organisms. It is
interesting to note that media to which no carbo-
hydrate was added did not support the synthesis
of polysaccharide by E. coli, P. vulgaris, or
V. comma. The remaining 3 organisms showed a
small but definite polysaccharide production.
The results would indicate that the polysac-

TABLE 2

Effect of carbohydrates on the production of bacterial
polysaccharides

PER CENT TURBID-
ITY REDUCTION

GROWTHI CARBOHYDRATE-
ORGANISM (KLETT ADE ct Heain

READlNGihActir- activatedhyadr hvaluron-oiae
idase

Escherichia 60 none 0 0
coli 63 glucose 14 10

130 glycerol 44 34
76 galactose 14 9
33 sucrose 0 0

Pseudomonas 30 none 17 10
aerutginosa 91 glucose 48 42

72 glycerol 44 32
68 galactose 34 23
36 sucrose 23 14

Proteus vul- 70 none 0 0
garis 56 glucose 34 21

59 glycerol 41 23
56 galactose 27 17
120 sucrose 36 30

Vibrio comma 65 none 0 0
85 glucose 12 10
136 glycerol 59 46
83 galactose 24 13
68 sucrose 12 10

Serratia mar- 47 none 29 16
cescens 48 glucose 25 23

35 glycerol 37 28
124 galactose 39 23
122 sucrose 48 35

Sarcina lutea 105 none 22 17
136 glucose 28 19
113 glycerol 22 22
112 galactose 19 13
130 sucrose 22 17

charide factors can be increased in the presence
of carbohydrates. Of particular interest is the
fact that the majority of organisms produced
consistently high yields of polysaccharide when
glycerol was added to the medium.
A comparison of the per cent turbidity reduc-

tion of standardized polysaccharides by active
and "inactive" hyaluronidase showed a pre-
dominance of lower reduction values for the
"inactive" enzyme. Furthermore, the per cent
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difference in turbidity reduction between active
and "inactive" hyaluronidases varied with the
organism and the carbohydrate present.

Partial purification of polysaccharides. The bac-
terial cells, grown in the presence of 1.0 per cent
glycerol, were harvested and extracted for crude
polysaccharide by the procedure previously
described. The crude polysaccharide was treated
with two volumes of acetone. A white stringy
to flocculent precipitate formed immediately
which remained when kept in the ice box over-
night. The precipitate was separated by centri-
fugation and the supernatant fluid discarded.
The polysaccharide was dissolved in distilled
water and reprecipitated by the addition of 10
per cent potassium acetate and 1.5 volumes of
95 per cent ethyl alcohol. A total of 3 reprecipita-
tions was performed in this manner. The final
precipitate was washed repeatedly with ether
and absolute alcohol, dissolved in distilled water,
dialyzed at 4 C against frequent changes of dis-
tilled water for 72 to 96 hours, and then freeze-
dried. Between 60 and 170 milligrams of a cream
white, amorphous substance were obtained from
one liter of culture medium.

Chemical analyses. All the polysaccharide
preparations were readily soluble in distilled
water and gave a strongly positive Molisch
reaction. A negative protein test was obtained
with the biuret reagent. Reducing substances
weere not present as shown by negative Fehling
and Benedict tests. Quantitative estimation of
nitrogen by the micro-Kjeldahl technique gave
values ranging from 6.5 per cent to 8.4 per cent
for the various polysaccharide preparations.
Total phosphorous determinations using sulfuric
acid for digestion and molybdate reagent and
aminonaphtholsulfonic acid for development of
color yielded values ranging from 1.4 per cent
to 3.9 per cent depending upon the sample. The
polysaccharides gave a negative test for sulfur.1

Effect of hyaluronidases of different purity on
the depolymerization of partially purified poly-
saccharides. It was considered of interest to
determine whether a quantitative rielationship
existed between the activitv of the hyaluronidase
prepaiation and the rate of depolymerization of
the bacterial polysaccharides. Three testicular
hyaluronidase preparations ranging in potency
from 195 turbidity reducing units per mg to

1 I am indebted to Mr. Thomas R. McCrea for
these data.

TABLE 3

Depolymerization of partially purified bacterial
polysaccharides by hyaluronidase preparations

PER CENT
TURBIDITY
REDUCT1ON

HYALU-
RON1- Heat
DASE Active inacti-

SOURCE OF POLYSACCHARIDE PREPA- hyalu- vated
RATION roni- hyalu-
TRU/MI dase roni-

dase

0.2 0.2
mg/ml mg/ml

Escherichia coli 195 59 29
760 68 46

1,400 68 63

Pseudomonas aeruginosa 195 50 0
760 70 6

1,400 65 25

Proteus vulgaris 195 87 49
760 97 69

1,400 95 83

Vibrio comma 195 80 36
76 80 41

1,400 74 60

Serratia marcescens 195 44 21
760 49 29

1,400 44 42

Sarcina lutea 195 37 11
760 36 23

1,400 37 31

1,400 turbidity reducing units per mg and in
concentrations of 0.2 mg per ml were used in the
depolymerization studies. The polysaccharides
were standardized and used as substrates in the
turbidimetric assay procedure in accordance with
the methods previously described. The results
are shown in table 3.

It can be seen from table 3 that the rate of
depolymerization of the polysaccharides by the
three active hyaluronidase preparations was rela-
tively independent of enzyme concentration.
However, the inactivation of the same enzymes
by heat resulted in turbidity reduction values
which were a function of enzymatic activity.
Although no entirely satisfactory explanation is
available for these results, the observations ap-
pear to indicate that testicular hyaluronidases
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possess both heat stable and heat labile factors
which attack the polysaccharides.

SUMMARY AND CONCLUSIONS

Polysaccharides which are depolymerized by
testicular hyaluronidase have been extracted
from strains of Escherichia coli, Pseudomonas
aeruginosa, Proteus vulgaris, Vibrio comma,
Serratia marcescens, and Sarcina lutea.
Although glucose, galactose, and in most cases

sucrose were suitable carbohydrate sources for
the polysaccharides, consistently good results
were obtained with glycerol. The bacteria syn-
thesized little or no polysaccharide in the absence
of carbohydrate.

Since the isolated polysaccharides are attacked
by a heat labile and heat stable component of
hyaluronidase preparations, a significant differ-
ence is evident between the hyaluronidase fac-
tors which attack hyaluronic acid and those

which are concerned with the breakdown of the
polysaccharides.
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