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INTRODUCTION

Some species of bacteria are known to hydrolyze fatty sub-

stances, yet coatparatirely little study of lipolytic organisms has

been made. Lipolysis produced by bacteria may be important in na-

ture as an aid in the destruction of organic waste materials) ran-

cidity produced in butter, lard, and other fatty substances, may be

caused by bacterial digestion) lipolysis may also be employed as an

aid in classifying bacteria, just as are carbohydrate fermentative

powers and indications of proteolytic activity.

The purpose of this investigation was to study the lipolytic

activity of Gram-negative bacteria, commonly found in the alimentary

tract of man and animals In health and in disease. In order to make

comparisons of enaymatic activities, tests for indications of pro-

teolytic activity and carbohydrate utilisation were made.



HISTORICAL.

SommarugaU5) In 1894 studied the lipolytic ability of org-

•Aim by groising them on solid media in which 2.0 per cent olive

oil or other fat was dispensed. He used no indicator, end determined

lipolysis by the disappearance of the fat globules from the region

surrounding the bacterial growth. In 1901 Eijknan<8) inoculated

melted agar and poured it over a thin layer of tallow in a Petri

dish. Lipolytic activity produced by the organisms was indicated

by zones of clearing in the tallow beneath the colonies.

In 1907 Thorpe demonstrated the general action of Hilc-

blue sulphate in the staining of fata. He found that the red color,

ing fraction of the dye was apparently formed only when the dye was

dissolved in water. His Investigation was followed by that of Smith

and WhiteU*) la 1908 who showed that blue coloring portions of the

dyes of the oxasine series, when used as a stain for tissue sections

containing neutral fat, possessed the property of coloring the fat red.

Sayer, Rahn, and Farrand(ls) in 1908 used a litmus agar for

the detection of lipolysis produced by bacteria. These workers used

a sugar-free broth in which a small amount of butter fat was dispersed

la the preparation of the agar. A change in the color of the Indica-

tor indicated lipolysis.

In 1920 Boeoinghaus( 5) studied the color reactions of Nile-blue

sulphate with palmitin, stearin, and olein, their corresponding adds,

and certain other derivatives. His work demonstrated that intense

colors were secured with oleic add and its ester combinations, the



free add being colored blue and the combinations red. palmitic

and stearic acids, and palnitin and stearin were only slightly col-

ored. In comparing the intensity of the colors in his work, he

noted that oleic acid is an unsaturated acid.

In 1921 Buchanan(4) pointed out that lipolytic organisms,

when groin on a solid medium in which a fat was dispersed, produced

a lipase which caused the disappearance of the fat from the immed-

iate vicinity of the growth.

In 1926 Waksman and Davison*19) demonstrated the use of the

changes produced by freed fatty acids in certain indicators to de-

tect lipolysia, or fat hydrolysis, brought about by bacterial action.

Kaufman and Lehman^11) in 1926 studied the action of various stains,

including Hile-blue sulphate, on various organic acids, esters, and

other materials. They noted the marked effect produced by Hile-blue

sulphate on unsaturated fatty acids and unsaturated tri-glycerides,

but found that certain compounds without double bonds were also

stained.

In 1927 Turner^18) investigated the hydrolysis of fat by

bacteria. The medium he used was composed of 1000 ml. of sugar-free

meat digest fluid, 5 gas. of di-basic sodium phosphate, and 30 gas.

of agar, the final reaction being adjusted to pH 7.6. After dissolv-

ing the ingredients in the autoclave, Sile-blue sulphate was added

and the medium was then tubed and heated in an Arnold steriliser.

A sterile fat emulsion was added to the melted and cooled medium.

In 1929 this investigator made a comparison of the relative merits



of various methods for the determination of fat hydrolysis by

bacteria, and concluded that tha Nile-blue eulphate mediua pn
remarkable sharpness of differentiation with reference to tha

•WMiat of lipolyeis produced, aile-blue sulphate, la a concentra-

tion of 1-8,000, was found to inhibit the growth of a number of

organise*. The flooding of plates after incubation with a Sile-

blue sulphate solution was also suggested.

In 1931 RetfcieC12) concluded that Bile-blue sulphate contains

two coloring fractions. The blue portion is considered soluble in

fatty acids and the pink portion soluble in the fat.

ifttssong*10) in 1952 modified Turner's Method. He used beef

infusion agar with a pK of 6.8 to 7.0. He added an alcoholic solu-

tion of Hile-blue sulphate in the proportion of 1-10,000 of the

mediua, and the fat in the proportion of 1-200. in emulsion of the

fat was made in 0.5 per cent agar, which was sterilized bsfore it

was added to the mediua. Cultures were streaked on the surface of

the solidified medium. Lipolysie was demonstrated by a change in

the color of the fat globules.

In 1955 Berry (*) worked with the test originated by Csrnot

and Mauban (5) in 1916 for the detection of microbial lipase. The

organisms ware grown on a solid medium in which a fat was dispersed,

flhen good growth appeared on the plates, they were flooded with a

saturated copper sulphate solution. If hydrolysis had taken plaoe,

the freed fatty acids reacted with the copper sulphate to give an

insoluble blue soap.

Collins and Hamaer( 6)in 1985, in studying the action of



bacteria on tri-glyceridas, observed that butter-fat or olive

oil when dispersed la agar containing Mile-blue sulphate were

colored bright red. The olive oil did not appear as red as the

butter-fat, presumably because of the small else of the globules.

These workers noted that with natural fats the disappearance of

the globules was not clearly evident In all cases, so they deter-

mined hydrolysis by color changes In the globule. They observed

also that bacterial hydrolysis of natural fats was not appreciably

affected either by the Banner in which the materials were dis-

persed or by the pH of the medium within the limits 6.8 to 7,0.

again in 1955 Collins and HammerC 7), studying types of lip-

olysis on this medium, observed that uniform and non-uniform lip-

olysis were demonstrable with different organisms. They also found

that cultures within a species might show considerable variation.

Of the 159 lipolytic cultures which they studied, 115 (71 per cent)

produced proteolytic changes in milk, end 60 produced rancidity in

butter,

Horowits-Wlassowa and Livschita^in 196S reported the abil-

ity of certain fungi and bacteria to produce lipolysis. The marked

increase of the fatty acids was considered evidence of lipolytic

activity. They employed both a sodium hydroxide and the Nile-blue

sulphate tests on fat-agar plates. In addition to lipolytic activ-

ity, these authors discovered the ability of various organisms to

destroy fats and oils by oxidation, by means of an ensyme desig-

nated as "lipoxydase", in a manner analogous to the effect of light

and some acids. This ability to oxidise fatty substances appeared



to be lass widespread than lipolytic activity in the alcrobio

realm. The oxidation of fata and oils was recognised by the foll-

owing changes! formation of peroxide, increase in the acid radi-

cal count, hydregenatlon, and increase of refractive index. Two

tests for the detection of oxidation of fatty substances were

used, these tests were the pyrogallie acid test and the so-called

•biological test", which consisted in growing the organist on

Kado's agar which was without lactose and in which soy oil was

emulsified. This "lipoxydase" is not detectable when a nutrient

medium is employed.

Stark and Scheib^16) in 1955 worked extensively on fat-

splitting bacteria isolated from butter. Of 486 cultures Isolated,

they found 77 per cent (575 cultures) to be capable of hydrolysing

butter-fat. The organisms, present in large enough numbers to be

of importance in the spoilage of butter, were Gram-negative rods,

Gram-negative micrococci, Gram-positive saroina, and Gram-positive

non-spore-producing rods. Of these groups which occurred in large

numbers, only the Gram-negative rods were regularly present in all

of the butters tested. Hydrolysis of butter-fat was produced by

97 per cent of these organisms.

These same investigators used the indicator, Nile-blue sul-

phate, in their medium in a slightly different manner than that of

Collins and Bummer' 6). The butter-fat was treated with a hot

aqueous 5 per cent solution of the Sile-blue sulphate in the pro-

portion of one part of the solution to nine parts of fat. The fat



waB allo*«d t0 on the red color, and then was washed frae

of excess stain with hot water. The stained fat was then added

to the nutrient agar, and the plates were ready to be Inoculated,

Results comparable to those derived by the Collins and Hanmer

method were obtained on this nedina. The change of the red col-

or to the dark blue of the stain, as the fats were hydrolysed

and the resulting fatty acids were liberated, indicated lipolysis.



EXPERIMENTAL.

ftrirrjff.nm TmliTfff-

A preliminary aeries of arganiams was studied in dupli-

cate on the special medium, in order to perfect the method and to

verify the result* reported by Collins and Hammer(7) . This series

consisted of the following!

aOf *

51 Stapnylococcub aureus

CO39 pwpnyjLococcus axons

62 Staphylococcus citrous

88 Serratla marceseens

94 Pseudoaonas aeruginosa

97 Pseudoaonas fluorescens

98 Pseudoaonas syneyanea

148 Asrobaoter cloacae

18S Proteus vulgaris

166 Salmonella schottaulleri

248 Bacillus subtilis

245 Bacillus myeoides

246 Bacillus cereus

* Sotet The numbers refer to the laboratory numbers of the

cultures in the Marshall Hall collection*

This series of organisms was chosen to provide a varied sel-

ection for preliminary study. According to Collins and Hammer the

species of the genus Pseudomonas were lipolytic in varying degrees.



In this aeries both Qraa-poeitiva and Greua-negativ* organisms were

included.

i second series was composed of Gram-negative, laotose fer-

menting organises of types commonly associated with the intestinal

tract of nan and animals. It consisted of stock laboratory strains

of the Escherichia and Aerobaoter genera, as follows*

Escherichia coamunior 4 strains

Escherichia aeidi-lactlci 4 strains

Escherichia neapolitana 2 strains

aerobaoter cloacae 4 strains

Aerobaoter oxytocia 1 strain

This series was chosen to compare tee reactions of stock

strains, which had been carried in the laboratory for some time,

with tee reactions of freshly isolated strains of known origin.

A third series of organisms studied was composed of the

freshly Isolated strains of the coli-aerogsnea group referred to

abowe. This series consisted of the following!

Escherichia 12 strains

Aerobacter H strains

Cltrobacter 8 strains

Intermediates 26 strains

The strains of Escherichia were isolated from feces, while

those of Aerobaoter and of the intermediates were isolated from

water and from market fish. All of these strains were Gram-negn-

tiTe, lactose fermenting organisms, and were classified according
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to their reactions to the Vogee-Proskeuer, methyl-red, and sod-

ium citrate tests* The reactions of these strains are given

t

yogos-Proakauor MeW-re^ Sodium qlfr-afo

Escherichia +

Aerobaoter + - +

Citrobacter *•

Organisms giving results different froa those in this table

were designated as intermediates.

A fourth series of organisms consisted of stock laboratory

strains of the Salmonella. Eberthella, and Shigella genera. These

genera sere Gram-negative, non-lactose-feraenting organisms of

types which are associated with infections of the intestinal tracts

of man and animals. This series included!

Salmonella abortivo-equina 1 strain

Salmonella enter!tidis 4 strains

Salmonella sulpeatifer £ strains

Salmonella paratyphi 5 strains

Salmonella eehottnullerl 5 strains

Salmonella pullorum 3 strains

Eberthella typhosa S strains

Shigella dyeenteriae 5 strains

Shigella paradyaesteriae
(var. Flexner)

Shigella paradysenteriae
(var. Hiss)

5 strains

£ strains
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MflflM 9H Procedure.

The special medium used In this investigation was that

employed by Collins and Hammer^) . This medium was prepared in

two parts* as follows

i

Part I. - nutrient Agar.

Beef extract 5.0 gas.

Peptone 5.0 *

Agar 15.0 "

Distilled water 1000.0 ml.

After the solids were dissolved the reaction of this portion of the

medium was adjusted to pR 6.9.

Mile-blue sulphate solution.

Bile-blue sulphate ... 0.1 gm.

Distilled water 100.0 ml.

The aqueous solution of Hile-bluo sulphate was added to the nutrient

agar in the proportion of 10 ml. to 100 ml. of the agar. This dilu-

tion was found to be beyond the bacteriostatic range, yet sufficiently

concentrated to produce well stained fat globules. This mixture was

tubed in 20 ml. quantities and then sterilised at 15 pounds steam

pressure for 20 minutes.

Part II* - Tat solution.

Agar ••.••..»«•..... 0.5 gm.

Distilled water 90.0 ml.

Fat (butter or olive
oil) .. 10.0 ml.

The fat, either butter-fat (salt-free) or ©live oil, was f11tared

to a heated funnel and added to the melted 0.5 per cent agar solution

to the proportion of 10 ml. of fat to 90 ml. of the agar. This mix-
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ture was sterilised at 15 pounds for Y.o minutee and cooled to

the point of solidification. It was then vigorously shaken to

obtain an equal dispersion of the fat globules. The percentage

Of agar employed gave a seal-solid consistency which permitted

the nixing of the fat and the agar at the point of solidifica-

tion. When this eaulslon was to be used it was slowly heated

to a soft jelly-like consistency so that it night be transferred

by means of a pipette.

When the plates were to be poured the nutrient agar

(part I) containing the Mile-blue sulphate was Belted in the

Arnold steriliser. While this part of the sediua was still hot

the fat eaulslon (Part II) , which had been slowly heated, was

added with a sterile pipette la the proportion of 1.0 al. of the

eaulslon to 20.0 al, of the nutrient agar. The plates thus

poured were allowed to solidify and were then ready to be inocu-

lated.

The inoculations were aade from a suspension of a 48-hour

agar slant culture of the desired organism in 10 al. of sterile

physiological saline. Part of the saline solution was added

aseptieally to the slant and the growth was removed with a ster-

ile needle. The remainder of the saline was added to this sus-

pension and 0.1 al. of this latter suspension was used as the in-

oculum. The inoculum was dropped onto the surface of the poured

plate and spread over the agar and fat by means of an especially

bant sterile glass rod. All organisms, with the exception of
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ftffittitl aarcosccng, Pseudononae syncyanoa, and Bacmu? mycoidee

in the preliminary work, were Incubated at two temperatures, 32° C.

and 57.5° C.

AH of the organisas studied were obeerred for their ability

to produce lipolyeis after two-day and seven-day periods. The

plates employing butter-fat and ollwe oil were made in duplicate,

and in all eases where positive results were observed they were

found on all plates. Two temperatures of incubation were used In

studying all organisms. One set of plates was incubated at 52° C.

and another parallel set was incubated at 57.5° C.

XhS. Reactions on j&g, ffijjttM S^phate Med;ua«

The ability of various genera of bacteria to effect lipol-

ysis on the special Nile-blue sulphate medium was shown by their

ability to produce hydrolysis of the fat globules. The organisms

usually attacked a globule of fat first around the margin, and then

hydrolysed from there toward the center. The hydrolysis was mani-

fested by color changes In the fat globule. The red color gradu-

ally disappeared and in Its place appeared a dark chalky blue.

When the Incubation was allowed to continue, the red color was

entirely lost, end the dark blue color progressed toward the center

of the globule. In some instances after seven daye of incubation,

a dull grey-white color was observed on the Inner edge of the growth

or throughout the globule. The nutrient agar remained unchanged,

retaining its characteristic dull dark blue color. Colonies appear-
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lng 011 this portion of the medium took up a portion of the blue

color, because the dye la soluble in water, and were slow in dev-

eloping, possibly because of a alight bacteriostatic effect pro-

duced by the dye. the organisms hydrolyaing the fat globules grew

rather rapidly in the presence of the fat, vhile their growth on

the nutrient agar alone was slow. The growth thus described was

the type most commonly found.

Photographs were taken with infra-red leases so that the

red color would be absorbed and the resulting photograph could be

more easily interpreted. In figure 1, at the top, is seen an un-

inoculated plate as a control* The fat globules appear aa silver

spots of various sizes dispersed over the surface of the plate.

On the lower left aide of this same figure can be seen a plate

containing globules of butter-fat which have been hydrolyaed in

varying degrees* The jet-black spots indicate the growth of org-

anisms which have completely hydrolyaed the butter-fat. In the

upper left portion of this plate there can be seen a globule which

has not been entirely hydrolyaed. The unhydrolyaed fat appears aa

a small white dot in the center of the growth. In this plate,

slightly below the center and toward the left, can be seen the

growth in which the grey-white color appeared, surrounded by the

dark chalky blue.

The plate on the lower right side of figure 1 was poured

with an olive oil emulsion. The results were comparable with those

of the butter emulsion, varying amounts of hydrolysis appearing in



Control

Butter-f&t e*ulsioa Olive oil emulsion

Figure 1, Shoeing the more predominant type of lipolysla.
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different globule*. In this plate there can be seen the lose of

the blue color of the dye In the nutrient agar around many of the

hydrolysed globules. To a smaller degree this loss of color can

be aeen In the butter emulsion plate. This loss is thought to be

due to a reduction of the Bilw-blue sulphate. However, this action

upon the dye wee unimportant in comparison with the hydrolysis of

the fats, and was not significant in this investigation.

The plates in figure 1 show the more prevalent type of

hydrolysis as it was found in the experiments. In figure 2, how-

ewer, can be seen plates showing a different type of hydrolysis*

the Upper plate served as a control, the lower two plates having

been poured with an emulsion of butter-fat and an emulsion of olive

oil respectively* The action of the growth and the resulting hydro-

lysis are comparable on these two plates. However, the growth and

subsequent hydrolysis appearing on the lower right plate is more

clearly defined and can easily be described. The globules are sur-

rounded by the growth of the organism. This growth is spread from

the margin of the globule onto the nutrient agar, and in toward the

center of the globule. The color changes, being slower, do not

appear in the same state of development as they do in the previously

described instance in figure 1. I diffusion of the grey-white col-

or with the red is the main characteristic of this second type of

hydrolysis. Throughout this growth small spots of the dark chalky

blue color appear in concentric rings as shown on the plates in

figure 2* The diffusion of the grey-white and red colors is dry



Control

Butt«r-fat eaulaion Olive oil aaulaioa

Figure £• Showing the lees predominant type of lipolyai*.
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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.
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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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