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while the chalky blue spots are very moist. The growth and hydro-

lysis as described, and as shown in figure 2, were found to be the

such slower type, and appeared in only a Tory few Instances. If

such plates were incubated for seven to fourteen days the red col-

or of the fat globules disappeared, showing complete hydrolysis.

In the plates showing this second type of hydrolysis, the

loss of color in the nutrient agar around the globules which hare

been overgrown by the organisms can be seen, as it is In the first

and more common type of lipolysis shown in figure 1.

Gelatin Liquefaction and Hydrogen Sulahlde Production

as Indicators of Proteolysis.

Studies of gelatin liquefaction and hydrogen sulphide produc-

tion by all of the organisms employed were made in nutrient gelatin

and in basic lead acetate agar. The nutrient gelatin was prepared

according to the seventh edition of "Standard Methods of Water

Analysis^. The basic lead acetate agar was prepared as follows*

I. Nutrient agar.

Beef extract 5.0 gas.

Peptone .* 5.0 "

Agar • 10.0 *

Distilled water 900.0 ml.

II. Lead acetate solution.

Basic lead acetate •• 0.5 gm.

Distilled water 100.0 ml.

The beef extract, peptone, and distilled water were heated to

dissolve the solids, and the reaction of this solution was adjusted

to pH 7.2. the agar was then added and dissolved. Lost weight was
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made up by the addition of hot distilled water. The lead acetate

solution was then added to the nutrient agar and the resulting

mixture was tubed in 10 ml. quantities and sterilised at IS pounds

steam pressure for 20 minutes.

Both the nutrient gelatin and the basic lead acetate agar

were inoculated by the stab method. The nutrient gelatin wes in-

cubated at roes temperature for seven days and then read for lique-

faction. Liquefaction of gelatin is an indication of possible pro-

teolytic activity on the part of the organisms. Son-liquefaction

of gelatin definitely indicates the lack of proteolytic power of

the organisms* The basic lead acetate agar was incubated at 37.5° C.

for five days and then read for blackening along the line of inocu-

lation. The blackening in this medium is due to the production of

hydrogen sulphide and its subsequent linkage with the lead acetate

to form lead sulphide, fihile the production of hydrogen sulphide in

the lead acetate medium does not result from proteolytic activity,

it does act as an indicator of the possible ability of the organism

to attack proteins, in that the production of hydrogen sulphide is

a characteristic of proteolytic organisms, negative results la the

lead acetate agar may be considered as indicative of the lack of

proteolytic power because the bacterial digestion of protein is

characterised by the evolution of hydrogen sulphide.
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Carbohydrate Utilisation.

The various carbohydrate media were made using nutrient

broth prepared according to the seventh edition of "Standard

Methods of Water Analysis^) as a base. The reaction was adjusted

to pH 6.9, and 5 ml. of a 0.5 per cent alcoholic solution of broa

thymol blue Indicator vere added to a liter of medium. The carbo-

hydrates were added In amounts that mould yield 0.5 per cent con-

centrations. The media vere tubed in Durham fermentation tubes

and sterilised at 15 pounds for 15 minutes. They were Inoculated

in the usual manner. After incubation for 48 hours, the tubes

were read for fomentation and change in reaction. The carbohy-

drates employed In this study veret

Monosaccharide - dextrose, lewulose

Disaccharide - lactose, sucrose

Trisaccharide - rafflnose

Polysaccharide - starch

Pentose - xylose

Glueoslde - salicln, aesculin

Alcohol - mannltol, glycerol
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DISCUSSION.

The results of the study of the preliminary series ore

shorn In table 1, This series served as a means of studying the

ethod of detecting fat digestion by bacteria. Lipolysis was

evident with certain strains of the Pseudomelia8 and with the

Proteus genera. Hone of the other organisms la the series, in-

cluding some Gram-positive organisms, shoved lipolysis. Since

this series was included for the purpose of studying the method,

it will not be considered further in the discussion.

In table 2 can be seen the results derived with the stock

laboratory strains of the Eeeherlehia-Aerobaoter group. Bone of

the organisms In this series shoved lipolysis.

Table 5 shovs the results with the freshly isolated strains

of the Escherichia-Aerobacter group. This series includes strains

of the Escherichia, Aerobacter, and Cltrobacter genera, and strains

of Intermediates of the group. These organisms were isolated from

feces, water, and fish fillets. Fifty-one strains were included

in this series. Their distribution according to classification,

and the prevalence of lipolytic activity among them, are shown in

the following tabulated formt

Escherichia 12 2

Aerobacter 11 2

Cltrobacter 2 1

Intermediate 26 13
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Among these strains, there was no apparent correlation

between lipolysis and the reactions employed for classification!

namely, the Voges-Proakauer, the methyl-red, and the sodium ci-

trate teats.

It will be noted that fifty per cent of the intermediates

gave positive lipolysis, while less than ten per cent of either

the Escherichia or Aerobacter genera were positive. This suggests

that with the study of many more intermediate strains, lipolysis

might be employed as an aid in their classification. Lipolysis

did not appear to be sufficiently prevalent among the Escherichia

and Aerobaeter genera to be of any great significance, while the

number of the Citrobaeter genus studied was not sufficiently large

to justify an opinion.

In table 4 are given the results of the studies of the org-

anisms which are pathogenic in the alimentary tract of man and of

animals. Ho lipolysis was evident in this series of organisms.

This series included strains of the Salmonella, Kberthella, and

Shigella genera.

In considering any possible correlation of lipolysis with

hydrogen sulphide production and with gelatin liquefaction, only

the eighteen strains showing lipolysis were considered. The re-

sults may be found in table 5. A summary follows!

Strains producing hydrogen sulphide, 10

Strains liquefying gelatin, 15

Strains giving both reactions, 8
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It will be seen that one or the other of the reaction* occurred

with more then half of the strains, end that slightly lees than

half g*re both reaction*. Only three of the strains give neither

of the reaction*. So definite relationship is apparent between

these reactions and lipolysi*. However, the results suggest the

possibility of a significant correlation of these types of en-

symatic action among the intermediate strains of the coli-aerog-

enes group. If such a correlation should be proven to exist, it

could also be of assistance in the systematic study of these org-

anises.

In correlating carbohydrate utilisation with lipolytic act-

ivity the eighteen lipolytic strains were again employed a* shown

in table 6. Qf these organisms two produced acid and gas in all

of the eleven carbohydrates employed, nine produced acid and gas

in all but one of the carbohydrates, and one produced acid and

gas in all but two of the carbohydrates. Two organisms produced

no gas in any of the carbohydrates, and one produced gas in only

one of the carbohydrates. Fifteen of the positively lipolytic org-

anisms were found to be actively fermentative for most of the car-

bohydrates. Bote should be taken of the fact that only five org-

anisms produced both acid and gas in starch, the percentage of gas

in each instance being very low. The ability of these lipolytic

organisms to utilise carbohydrates was found to be quite marked,

and may possibly be correlated in their ensymatic activities

previously considered. It appears that these eighteen lipolytic

strains possess widely distributed ensymatic power.



- 22 -

Bacterial lipolyals in nature nay be an important factor

in the natural decomposition of plant and animal tissues. An in-

teresting fact is that all llpolytio organisms were isolated froa

feces, eater, and fish fillets. All but one of the eight cultures

isolated froa the fish fillets shoved indications of proteolytic

actirity, and also actively broke down both of the fats used in this

investigation. This fact suggests that the proteolytic decay of

fish tissue may be accompanied by the lipolytic decomposition of

fish oils in some, or all, cases of spoilage of fish.



Preliminary Study of frlpoljm at 48. %ure of InoubattQB.

Organism

Cul-
ture
MO.

52°
Si 57.5® C.

Butter Sutter

Staph* aureus 51 m» - - -

Staph, albus 59 *

Staph, citreus 62 - -

Ser. marcescans 88 - - - -

Ps. aeruginosa 94 +

Pe. fluereacens 97 •

Ps. syncyanee 98 f +

Aero, cloacae 146 «a»

Prot. vulgaris 155 *

S. schottaulleri 166

B. subtills 245

B. mycoidea 245

B. cereuo 246

The + sign denotes lipolysis.

Notei Readings at seren days were identical with those in

the table, except that growth was sore advanced and

lipolysis of the fat globules was wore complete.



M£2ijai£ bx jjtocjt I.abmtoa St£*iM of the Escherichia-*,^,^ r.^

Cul- 52* C. 57.5* C.

Organism
ture

• Buiter Olive Oy. Hutter Olive Oii

Each, communior 128 -
«e>

n n 129 -

n » ISO <e> mm mm

K 151

" aoldl-lactlci 154 -

155 _

n n 156

» n 157 - — -

" aeapolitaaa 159

140

Aero, cloacae 147

B II 146

» « 149

N l» 150 — «e>

" 03L~f t3 CUES 151 —

»

Motgi Readings at seven days vera identical with those in the table.



Table 8.

IflpQlyM £££ghlZ IM&ted Bacteria, of :the Escherichia-^mwt.,.

GrouP M ii Hours of Incubation .

Cul-
ture

520 *, 57.5© C.

Organism So. Butter Olive Oil Butter Olive Oil

Eech. coli 1 m» •

« h 2 #»

a a 5 • **

ii « 4 —

a h 5

n a 6 an* ~

a n 7 *>

B B 8

« n 9 «* «•»

n a 10 «> **

Aero, aerogenes 101 MP «* «•

n n 102 •»

a » 10S mm «n

a a 104 *» •

a a 105 at

a « 106 Ml

a a 107 f + +

a a 108 mm

n a 109 •

a a 110 «a»



IfifclO. (Coating

Organism

Cul-
ture
No.

2? C. 57 .5° C.

Butter Olive Oil Butter Olive Qil

Interaediate 201 mm

• 202 mm

205 mm

205
mm

i 206 mm mm

• 207 mm

208 + +

• 209 mm mm

i 210 mm

212

• 218

• 214 +

215 + + +

» 216 + f

• 217 +

• 218

> 219 mm

• 220 +

• 221 mm

• 222 - - mm mm

225 *

224

225



(Continue

Organlaw

Cul-
ture
No.

2£0 C. »f50 C.

Sutter Olive Oil
. Butter Olive Oil

f

Intermediate 46
•f

n 47* 1 f f

Citrobaetsr Be

60 -

Intermediate ISO + + +

Aero* aerogsnee 135

Eech. coll 134

fell l* Readings at seven day* were identical with those in
the table, except that growth was more advanced and
lipolyeis of the fat globules was more complete.

SoJ&j^ The Escherichia strains were isolated from feces, and
the Aerobaeter, Intermediate, and Citrobacter strains
were isolated from eater and fish fillets.



Table 4.

LloQlyala by Strains of Qeawa Ugually. PatfaPUfflale tg. the Intestinal Tract-

of Man or Aalaal .

Organism

Cul-
ture
NO.

n 57.5° C.

Ota OUT* Olive Oil

—

« enteritidis 156 » -

« m 157 • • -

« n 158 - •

" suipestifer 159 *» IP *

» « 160 «•> «*

" paratyphi 162 *

11 R 165 **

11 * 164 •Mt
•*

" sohottmullarl 167 «»

«t « 168 ** •

« enteritldia 169 «»

" BchottBulleri 170 -

" pullortui 176 - til

R » 179

« M 180

Bber. typhosa 189 m»

m * 190 «• •»

n « 191 9



Table 4 . (Continued)

Cul- 32° C. 1 Of .0 > r

Organism
ture
Ho. Butter Oil 4* + AT*mi^er uuve un

Shig. dysenteries 192 4V «»

« *

" p&radyaenteriae
(ar. Flex.)

n *

194

195

<• 4»

M

* n 195a «p>

" paradysenterlae
(var. Hiss)

m a

196

197

mm

—

Notfei Readings at seven days were Identical with those in the table.



HUM*
Correlation of Llpolyaia idth Indlcatora of Poeaible Proteolytic Activity.

The Vogee-Proskauer, methyl-red and bodium citrate reactions
are given for reference.

Organism

Cul-
ture

,

Lipolysls Gel. Llq. 7.-P. H.-R. s.c.

Aero, aerogenes 107 est - + +

Each, coli 44 ¥ + • em

Intermediate 46 + + -

1 47 •f - -

Citrobaeter 60 + - -

Intermediate ISO +

Aero, aerogenes 155 + -

Each, coli 154 + + + -

Intermediate 206 - 4- -

215 + +

• 214 - - -

• as - - • -

216 - «•» -

cXl w T T

218 * f

220 •f 0

£25 +

n £24 +

Hote l Gel. Llq. * gelatin liquefaction.
HgS hydrogen sulphide production.

7.-P. = Vogee-Proskauer.
M.-R. = methyl-red.
S.C. 3 sodium citrate.



Table 6 .

qarbohydrate OtilUatloa apofrMs Bacteria Hnaloved in the stady ,

Organ!mh
Dext-
rose

I»evu-

ulose
Lac-
tose

Sue-
rose

Raff-
iaose Starch

Xvl—

066 tela
Esc—
alia

IfWftr

itol
Glyc-
erol

III 107 A.G. A.G. A.G. A.G. K.R. A.G. A.G. A.G. A.G. A.G. A.G.

n 208 A* A. K.R. A. K.R. K.R. K.R. A. A. A. A.

n 215 a. a. A.G, A.G. A.G. K. A.G. A.G. K. A. A.G. A.G.

t> £14 A«Q. A.G. A.G. A.G. A.G. A. A.G. A.G. A.G. A.G. A.G.

M 215 A,0. A.G. A.G. A.G. A.G. A. A.G, A.G. A.G. A.G. A.G.

i £16 A.G, A.G. A.G. A.G. A.G. A. A.G. A.G, A.G. A.G. A.G.

i 217 A. A. K.R. A, K.R. K.R. A. A. A. A. A.

0 £18 A.Q. A.G. A.G. K.R. A.G. K.R. A.G. K.R. K.R. A.G. A.G.

n £20 A.G. A.G. A.G. A.G. A.G. A. A.G. A.G. A.G. A.G. A.G.

1 ££5 A.G. A.G. A.G. A.G. A.G. A. A.G. A. G. A.G. A.G. A.G.

n A.G. A.G. A.G. A.G. A.G. A.G. A.G. A.G. A.G. A.G. A.G.

n 44 A.Q. A.G. A.G. A.G. A.G. K.R* A.G. A.G. A.G. A.G. A.G.

48 A.G. A.G. A.G. A.G. A.G. K.R. A.G. A.G. A.G. A.G. A.G.

I 47 A.U. A.U. A ftA.U. ft MA.U. a r*A.U. K.R. A ft
A.G. A.G. A.G. A.G. A.G.

n 60 A.G. A.G. A.G. A.G. K. A.G. A.G. A.G. A. A.G. A.G.

1 130 A.G. A.G. A.G, A.G. A.G. A.G. A.G. A.G. A.G. A.G. A.G.

1 135 A.G, S.A. 8.A. S.A. K. S.A. A. S.A. S.A. S.A. S.A.

1 154 A.G. A.G. A.G. A.G. A. K.R* A.G. A.G. S.A. A.G. A.G.

A. = Add Incubatioai
G. « Gas 48 hr«. - 52° C.

S. Slight 48 hrs. - 37.5° C.

K. Alkaline

R. Probable rarersloa
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BBKUB

l« The lipolytic activity of several genera of bacteria

was studied, using Hile-blue sulphate as an indicator. The work

of previously reported investigations was verified, and original

studies were made with various strains of the Eseheriehia-Aero-

bacter group of bacteria, and with other Gram-negative intestinal

bacteria.

2, Twenty per cent of all organisms studied were found

to be lipolytic. Lipolysis was slightly prevalent in the Escher-

ichia ooll and Aerobactsr aerogenes strains, while fifty per cent

of the intermediate strains of this group were lipolytic. Hone

of the closely allied intestinal organisms were found to produce

lipolysis.

5, Eight-three per cent of the lipolytic organisms showed

Indications of possible proteolytic activity.

4. Eighty-three per cent of the lipolytic organisms fer-

mented carbohydrate substances to a marked degree.

5. The possibility of using lipolytic activity as a means

of classification is indicated. It is suggested that further work

along this line be pursued.
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