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INTRODUCTION

Proteins are complex compounds composed of amino acids cone
Jugated through the peptide linke~e. On hydrolysis, proteins yleld
metaproteins, proteoses, peptones, polypeptides, peptides and amino
uci&;. These intermediate compounds are not sharply differentiated,
but change gradually from one into eanother, Commercial peptones,
thorefore, are not made up entirely of any one of these intermediate
compounds, but of a mixture of them, The amount of each component
will vary acoording to the original protein digested, the method of
hydrolysis, and the length of time the hydrolysis is carried out,
Conmeroial peptones, therefore, will vary from lot to lot and from
brand to brand,

In this investipation an attempt was made to study these
variations as they influence the growth of organism and the end
products produced by thess organisms from different lots and brands
of commeroial peptones,

REVIEW QF LITERATURE

Preparation and Chemical Analysis 2£.Peptoﬂest

A nunber of investigators have analyrzed various peptones,
Redfield and Fuokle (1915) determnined total sulfur in peptone by a
modified Liebig-Koch methods Colwell (1915) analyzed four brands of
peptones and found that those free from lactoss were best suited for
culture media. The leck of uniformity of local peptones made identi-
fication of the typhold dacillus and other pathogenic organisms very

difficult acocording to Gorini (1916),



Penau and Sirmonet (1922) and Yaol (1926) studied the oystine
content of severgllpeptones. The former found that a peptone prepared
by pancreatic digestion of beef and extracted by ethyl ether was defi-
oient in ocystine, The addition of pure casein rade i:p this deficienocy.
Of the group of peptones analyzed for oystine, Yaol reported that Witte's
contained the most and May=Boherts the least,

MoAlpine and Brigham (1928) studied and compared Bacto peptone,
Bacto proteose, Fairchild and Witte's peptones., The total nitrogen in
the four peptones sppeared to be equal, but different nitrogen fractions
of the various peptones varied greatly., The non-protein nitrogen content
of Witto's peptone was comparatively small, consisting of equal amounts
of polypeptides and amino acids. A large portion of the total nitrogen
was proteose nifrogon. In Bacto proteocse-peptone the total nitrogen was
divided equally between protein and non-protein types., Only Fairchild's
peptone was found to ocontain appreciable amounts of a.monia, Bacto=
peptone was found to be low in proteose-peptone which is the protein
necessary for toxin production.

Blanchetiere (1927), Pepin (1932), Topshtein (1941), and Clook
and Tanner (1938) all have reported on the composition of comneroial
peptones, The Difco Manual (1939) contains a tadble of typical analysis
of eisht of the peptones marketed by the Digestive Ferments Company.
O'Meara and Macsween (1937) found that the copper present in commercial
peptones affected the growth of certain pathogens. They reported that
all the organisms used by them, except Gram negative bacilli, were

adversely affected by the copper present in comneroial peptones,



Minimum Concentration of Peptones:

There has been few studies to determine the minimun concenw
tration of peptomss permitting dacterial growth,

Penfold and Norris (1912) studied the relation of concentra-
tion of food supply to the generation time of bacteria, Usinz Edberthella
typhosa ae the test organism, they varied the peptone from 0.0125 to 1.05
per oent in 0,5 per cent sodium chloride broth, The generation time of

Eberthella typhosa in 1 per cent peptone was 40 minutes. The rate of

goneration time was greatly influenced by the oconcentration of peptone
where the psptons was less than O.4 per cent. Below 0.2 per cent the
generation time was inversely proportioned to the concentration of the
peptone used., By the addition of 0,175 por cent glucose to a media
containing only O.1 por cent peptone, the generation time was lowered
by about 50 per cent, With 1 per cent peptone this effect was less
marked, |

Day and Valker (1913) measured the effect of varying the amount
of peptone in a sugar-free broth on the proteolytio activity of certain
organisms, taking the amount of ammonia produced as a measure of the

activity, Escheriohia coll produced the same amount of ammonia in }

and 2 per oent peptone while Ebsrthella typhosa produced more ammonia

in the 2 per cent peptone. This, they reasoned, indloated a selective

eotion by Eberthella typhosa for some constituent of the peptons,

According to lLevine (1921) the conocentration of peptones has
a marked influence on the inhibitory effect of dyes ir culture media,

Escherichia coli would not grow in 0,5 per ocent peptone with crystal
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violet in a dilution of 132C0,000 or brilliant green in a dilution of

111,000,000, Bile salts stimulated the growth of Escherichia coli

when the concentration of the peptone was less than 0,5 per cent, but
were inhibitory when the concentration was raised to 0,7 per cent to
1,0 per cent.

Williams (1930) found that ratio counts of spores of Bacillus
subtilis to vegetative cells in peptone water of various concentrations
showed that the per cent of spores in the more dilute broth was greater
than in the more concentrated., Direot microscopic counts showed that
the absolute number of spores in the more concentrated medium was greater
than in the dilute,

Regnier and Lambin (1938) observed that in media containing
0,001 to 20,0 grams peptone per liter, the maximum baocterial count

reached was roughly proportional to the peptone concentration,

Extraction of Peptoness

Redfield and Huckle (1915) and Chamot and Redfield (1915)
extracted Witte's peptone with aloohol, Kooch and Carr lad previously
observed that lipvoid sulfur compounds were soludble in alcohol and that
protein sulfur compounds were not. The aloohol.uolublo portion contained
0,80 per cent of the total sulfur, while the inscluble portion ocontained
1,08 per cent of the total sulfur, Redfield et al reported that only
one half as much hydrogen sulfide was produced from aleoholeinsoludle
peptone as from the unextracted peptone. Much less hydrogen sulfide was
produced from the alecoholesoluble fraction of the peptone than from the

aloohol=insoluble rrgotion.



Able and Geiling (1924) fraotionated Witte's peptone by
répéated salting out in ecid and ulkniino media with ammonium aulfato
and precipitation with ethyl aloohols They odtained primary and
seccndary albuminses by this method. Claccio and Trimarohi (1927) also
fractionated Witte's peptone, They obtained three fractions by the
following methodss (1) By the addition of nine volumes of absolute
ethyl alcohol to a conocentrated peptone solution. (2) By extraction
of the peptone with acid ethyl aleohol, adding sodium hydrceide to
pH 5-6, filtering, concentrating under reduced pressure, adding 95 per
cent ethyl alochol, and drying in vacuo. (3) By treating the peptone
by the Doisy, Somogyi, Shaffer method,

According to Dubos (1930), there were substances present in
’cémmoroiul bcptonoo which were baocteriostatioc for certain organisms,
These substances were bacteriostatio in the oxidised but not in the
reduced form, He removed the bacteriostatic fraction of a certain pep-
tone solution by precipitation with acid and acetone,

Robbins (1941) found a growth-promoting faotor for Phyoomyoes
in neopeptone, He conoluded that the peptone was rioch in faotor "2,
and less rioh in "Z,", The "Z" faotor had previously been found by him
in ager, It could be extracted with methyl alcohol or aqueous pyridine.
Factor "Z1" seemed to delong fo the vitamin B complex, It was not iden-
tical with biotin panthothenio acid, vitﬁmin B2, or thiamin, It was

goluble in water and in aqueous alcochol or acetone,

Peptones and Fydrogen Sulfide Production;

Tilley (1923) analyzed peptonos for unoxidired, partially oxidized



and oxiQized sulfur. Using lead acetate media, he found hydrogen sule
fide was not prodﬁcod when oxidized sulfur is the only source of sulfur,
but w;s prodwed from partially oxidized or unoxidized sulfur compounds,
The production of hydrogen sulfide veried according to the peptone used
md, because of variations in their composition, he advocated the addition
of known quantities of an unoxidized sulfur in the form of sodium thio-
sulfate to media containing lead acetate as an indicator, His results
also indicated that there were differences in hydrogen sulfide production
related to variation in bacterial strains.

Fellers, Shostrom, and Clark (1924) advocated the use of lead
acetate impregrated on papers placed at the mouth of the test tudbe
instead of in the medium because of the toxiocity of lead, This method
gave quantitative as well as qualitative results, Difco-peptone gave
good results, but Armour and Witte's peptones were not satisfactory dy
this method,

Using lead acetate paper as an indicator, MNyers (1920) compared
several peptones. As & result of his investigations, he found Witte's
peptone to be the best, Fairchild next, and Difco-peptone the poorest,

Ee also observed that glucose and sucrose did not influcnce the rate or
amount of hydrogen sulfide produced.

Kahn (1925) studied hydrogen sulfide production by sporeforming
anserobes using lead acetate as an indicator and added sodium thiosulfate,
TWhen various peptones without added thiosulfate were employed, the results
were not as clear cut and there were more variations,

ZoBell and Feltham (1934) ocompared lead, biscuth, and iron as
indicators of hydrogen sulfide production. From experiments they cone

oluded 0.1 mille mole of ferrous iron, 0.2 mille mole lead, and 0,5



mille mole bismuth were nceded to:give @npositive test in peptone
medium, Twice these amounts gave better tests. Lead, iron and bdbis-
muth were more toxis to recently isolated strains than to old cultures,
but most culturee would develop in the presence of 0,2 mille mole of
lead, 4.0 mille moles of ferric or 2,0 mille moles ferrous iron and 1.0
mille mole of blsmuth., It was recommended that either 0,05 per cent
ferric ammonium citrate or 0.03 per cent ferrous acetate be employed as
an indicator for hydrogen sulfide in solid media ocontaining at least 3.0
per cent Bacto-tryptone (Difeo). For highly pigmented organisms or for
recoently isolated ocultures they advised the use of lead acetate papers
and 1liquid peptone medium,

Levine, Vaughn, Epstein, and Anderson (1932) determined hydroe
gen sulfide produoction employing ferric chloride, nickel, lead, and
manganese &s indiocators. Their results indicated that a medium containe
irg 2.0 per cent proteose-peptone, 0,1 per cent dipotassium phosphate,
arar, and 0,05 per cent ferric oitrate was very sensitive. Vaughn and
Levine (1936) using 2.0, 5.0, and 6.0 per cent proteose-peptone found
no difference 1# hydrogen sulfide production by Escherichia, dut after
long incudbations at high concentrations some Asrosoq:: gave positive
tests, It was pointed out by Vaughn and Levine that the amount of
igar present had a marked influence on hydrogen sulfide préduotion.

Tho lower the concentration of agar the higher the per cent positive
hydrogen sulfide tests,

Bismuth sulfite medium was found by Hunter and Crecelius

(1938) to be far superior to any medium which employed lead or iron



es deteotors of hydrogen sulfide in bact:rial cultures., The peptone
recommonded was tfyptone with 6.0 pcr cent skimmed milk sdded to
prevent precipitation of certain fraotions of the tryptone,

Alny and James (1928) used five peptones (unnamed), and
ccmparaed the amounts o¢f hydrogen sulfits produced in liquid medium,
A1l wers eatisfactory except one labled "C",

Utormohlen and Georgi (1940) usiny cobalt and nickel as
indicators, found Bacto-protecse-pentone superior to tryptone,

According to Tarr (1938-34), the formation of hydrogen sule
fide from organic sulfur compounds avpears to require the presence of
& specifioc engymes Cysteilne added to the medium stimulated the formation

of the entyme, He was able to extraot the latter from Proteus wvulgaris,

The enzymo wag most aotive at pH 7.9 « 9,0, and required the presence of
an emino acid before it beocame active,

Andrews (1937-38) found hydrogen sulfide produced by mioro=
organism of the mucosa of the small intestine of the dog from l=oystins,
i-oystine, dibensoyleystine, oystine hydantoin, taurine, methionine,

sodium sulfate, sodium sulfite, sodium thiosulfate and free sulfur.

Peptones and Indol Productions

Norton and Sawyer (1921) ooﬁparod Dunham's peptone solution,
River's trypsinised peptone, and Cannon's casein medium as to suitability
a8 media for the produoction of indol by bacteria, The final results were
the same but quicker results were obtained in the trypsinized casein or

peptons than in Dunham's solution,
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Armour, Witte, and Difco proteose-peptones were found to de
best for indol production according to Chamot and Georgia (1925),

Kulp (1925), because of the difference in tryptophane content
of various peptones, adviscd the use of a unifornm medium, Fe found that
peptone plus tryptophane casein digest (or any medium ccntaining free
tryptophene w:lch will support growth of the organism) can be usad for
indol formation,

Pierce (1931) found viable yeast, autolyzed yeast, and vitamin

B increased indol and ammonia production by Escherichia coli,

Peptones and Acetyl Methyl Cardbinol Productiony

The reaction of acetyl msthyl cardbinol, peptone and alecholie
solution to give a red ocolor was first observed by Voges and Proskauer
in 1398,

Bedford (1929) found a medium of protecse-peptons, glucose,
and dipotassiua phosphate satisfactory for production of acetyl methyl
carbinol,

Barritt (1936) used Bacto-peptone with good results whon he
tested for acetyl methyl carbinol production with alﬁha naphthol and
potassium hydroxide.

Standard Kethods for Water Analysis (1936) recommends proteose.

peptone Difco or ¥itte's to be used as the peptore in the medium,
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| MTTHODS AND MATIRIALS

Culturess

Tho organismes used in these exporiments were obtained fron
tho stoock culture colloction of the Department of Dacteriolozy at the
TUniversity of Iebraska. A list of the organisnms and strains. used will
be found in Table I, The erganiszs in Seotion I ropresent a typical
group) of aerobes and include pathogenic and nonepathogenic bacteria,

Those 1istod in Jootion II ars various strains of Salzonella pullorum,

Seotion 1IT i¢ made up of hy'rozen sulfide producing bascteria, Section
IV 1s composed of various speoles of the oolifora group which are identi-
fled partly by the production, or lasck of production, of indol ard scetyl
nethyl oardincl, The cultures were oarried on nutriert azar slants and

transferred at frequent intervals to maintain their viadility,

Pentoness

The peptones, with the sources, which were utilized in these
experimostl are listed in Table Ilea, Bacto=peptone was extracted with
several solventss These extracts and extracted residues are included in

Table Il=b,

Inooulations

A suspension, in physiolozioal salt solution, was made from a
24 hour culture of ¢ach organisme All inosulations were them made fron
tho suspensions employing a straight needle for stabbing into solid and

seni~s0lid media, and a loop when seeding 1liquid media,



Code Number, Species and Strain of Organisrs Used
- in These Experiments

Table 1

11

Group Code Yo, _Specles train
I Pv-l Proteus vulgaris Novy

Pv=2 'Proteua vulsaris McCoy
Et-R Eberthella typhosa Rowlins
Bt-H Eﬁe;tholla typhosa Hopkins
Ap Aorébactg;‘o;yfoﬁ;m
Aa-l Aeroﬁgotgr aerogenes MeCoy
Aa-2 Aergﬁacté;:aQ}ogone; I.5.Co
An-$ Ao?obactor aerbgono; KoSiCols
Sa sttphyibqbcouqluu¥oua ﬁQdaish g
s1 strept§ng§ua)1uotic
Sa-a Salmonella tyﬁhimurium 855-70
P-L Salmonoli; pﬁilorum L‘4
Spt‘ Salmonslla parstyhpi Xossol-3
Ss - Salmonella schottriilleri Ames - 37
8g-1 Shigella pallinorum K.S.C.
8d-B Shigella dysenteriae 558
Shs Shigella sonnei 701
Pf Pseudomonas fluoresocens
Pd Paradysenteriae Flexner
Ec-1 ‘Escherichia coli I1.34Ce type
Bs-L Bacillue sudbtilis L
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Table I (cortinued)

Group Code Ko. Species Strains
Bs-}{ Bacillus subtilis Harburg
Bm Bacillus mesentericus
Be Bacillus cereus

I1 P=1, Salmonella pullorum L
Pl Salmonella pullorum 1.S.Ce 71
P3 Salmonella pullorum 1.8.C. 43
P4 Salmonella pullorum 1.8.C. 4
P22 Salmonella pullorum K.3.Ce $292
P32l Salmonella pullorun E.S.C. {521
P336 Salmonslla pullorum K.3.C. §336
P706 Salmonella pullorum KeSeCe §706
P723 Salmonella pullorum ‘Ko8.Ce $723
I11 Pr=1 Proteus vulzaris Névy

Pvs2 Proteus vulgaris MoCoy
Et-R Eberthella typhosa Rawlins
Et-H Eberthella typhosa Hopkins
Ao Aerobaoter oxytooum
Aa-1 Aerobacter aerogones MoCoy
An=2 Aerobaocter aerogenes I.8.Ce
Sa-a Salmonella typhimurium 355«T0
Saal Salmonella typhimurium



Table I (continued)

13

Group Code Fo. Species Strains
Ss Salmonella schottmulleri Ares - 37
Ss-1 Salmonella schottmulleri Yale
Sg-1 Shigella gallinarunm K.S.C.
5g=-2 Shigella gallinarum FE=25
Shs Shigella sonnei 701
Sd-Y Shigella dysenteriae Yale
8d-B Shigella dysenteriae 658
81 8treptocoocus lactis
Cs Citrobacter sulfidogenes
Pl Salmonella pullorum I.8.C. #1
P292 Salmonella pullorum X.5.Ce #292

v Aa-l Aerobacter aerogenes X¥eCoy
Aae2 Asrobacter serogenes I.,5.Cs
An-$ Aerobacter aerogenes HeSuCo I
Aned © Aerodacter aerogenes
Aa=5 Aerobacter aerogenes DL
Aa~6 Aerobacter aerogenes L
Aa=7 , Aerobacter aerogenes M,S.Ce II
Ao Acrobacter cloacae
Ao Aerobacter oxytooum
Av Aerobacter viscosunm
Ec=l Escherichia coli I.8.Ce typ,
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Table I (continued)

Group Code Yo. Species tralns
Eo=2 Egcherichia ocoll I.,5.C,
Eo=3 Escherichia coli Edfs
Eo=4 Escherichia coll horse
Co=5 Escherichia coli L
Ec=6 Escherichia coll 733

Ec=7 Escherichia coll Yale (o01d)
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Table II-a

Names and Sources of Peptones Used

Code Name Source Serial Yo,
P | Peptone Pfeanstiehl Chem, Co, 2303

w Nutri Peptone Wilson laboratories 38996

PD Bacter lologic Peptone Parke Davis & Co, 3128288

8 Peptonum Sioccunm Frederiock Stearns & Co. 3474 K
AS Peptonum Sicoun Armour & Co. 10C858
AP Peptic Digest of Pork lusole Armour & Co.

AB Pancreatic Digest of Beef Mussle Armour & Co.
AC Pancreatic Dizest Casein Armour & Co,
Al Infusion Peptone Armour & Co.

PL Baoteriological Peptone (Sicoum) Paul Lewis Ladb, Ino, .

CHP Hoz Protein Peptone Cudahy Packing Co.

CH Hog peptone Cudahy Packing Co.

CB Beef Peptone Cudahy Packing Co,

DT Bacto=-tryptose Difoo laboratories 312137
Dl Proteose~Peptone Difco Laboratories 35056399
D2 Proteose ~ Peptono #2 Difco Laboratories 312978
D3 Proteocse-Peptone £3 Difco laboratories 312977
DP Bacto=Peptone Difco Laboratories. 312823
DY Baoto- Tryptone Difco laboratories 313128
DN Neopeptone Difco ladoratories 300280
Cpr Protone Difco Laboratories

T Peptonum Sioccum Friedr, Witte, Rostook

DPP Proteose-Peptone #3 | Difco Laboratories 38758



Table II=b

Extracted Baoto-Peptone

16

Yo, Solvent Hours Extracted Fraction

M-l Methyl aloohol 10 Extracted residue
U2 Kethyl alcohol 10 Extract

He3 Methyl aleohol €0 Extract

K~-4 Methyl alcohol €0 Extraocted residue
B-l Benzene 60 Extracted residue
E=1 Diethyl ether 10 Extracted residue
Etel Ethyl alcohol 10 Extracted residue
Et=2 Ethyl alsohol 10 Extract

A-1 Aostone 10 Extraoted residue
X=1 Xylol 10 Extraoted residue
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Incubations
All tubes were incubated at 37° C,, exocept those inoculated

with Salmaiwl la pullorum in the hydrogen sulfide experiment, which were,

in turn, inocubated at 30° C. According to Tittsler (1931), the optimm

temporature for the production of hydrogen sulfide by Salmonella pullorum

was between 30° - 34° ¢,

Cleaning of Glassware:

All glassware used in the experiments on the minimum concentra-
tion of peptone necessary for baoterial growth, and the studies on the
extracts and residvues of Bactoepeptone were cleaned in dichromate-sulfurio

acid oleaning solution, '
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EXPERIMENTAL

I The Yinimum Concentratlon of Peptone Necessary for Bacterial
Growth

An ettempt was made fo determino the minimum concentration of
the different peptones whioh are necessary to support the growth of a
group of eaerobic microorganisms, The medium for this experiment was
semi-solid glucose poptone azar, with the peptone being varied in
amount and kind, The formula for the basic medium is as followss
Yedium I
Dextrose, Ce Pe seescee 5.0 g

KpHPO4, Anal. Reagent,, 5.0 g,
Agar, Baoto sececccccee 3436 go

Peptone in Concentrations of 0.1, 001, and 0,001 per cents

The amounts of peptone added to Medium I were varied so that
each peptone was made up in 0.1, 0,01, and 0,001 per cent, The media
were tubed in 10 co, portions and atorilizod:st 15 pounds pressure for
15 ninutes, These seml-solid media were inoculated with organisms of
Group I by tue stad method as near to the center of the tube as possible,
The media wefo olear and growth was readily detectadle along the line of
incculations The tubes were incudated at 370 C., and observations were
made at 24, 48, 72, and 120 hours,

Tadbles 3, 4, and § indicate the growth of the organisms in the
twenty~one peptones in oorcentrations of'O.l, 0,01, and 0,001 per cent
respectively, They show that the minimum conocentration of peptone
necessary for a partioular organism Qtriol 8 great deal depending upon
the peptone used, The minirum concertration of most of the peptones

tested necessary for the growth of Shirella dysenterise was somewhere
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between 0,1 and 0,01 per cent, The minimum concentration of most of the

peptones for Proteus wvulsaris, Streptocoocus lactis, and Salmonella

pullorum was somewhere between 0,01 and 0,001 per cent, Nany of the
remaininz organisms showed at least traces of growth in most of the

peptones in 0.001 per cent concentration.

Peptone in Concentration of 0,0005, 0,0001 and 0.00005 per cent:

Several of the organisms showed good growth in media containing
but 0.001 per cent peptone, These organisms and the five peptones in
which they grew ospeoially well were used in another set of experiments,
in which the peptone Qontent of the media was 00,0005, 0,0001, and 0,00005
per cent

The results summariged in Tadbles 6, 7, and 8 show that the mini-
mum ooncentration of most of the five peptones for the organisms used was
below 0,00005 per cent,

Il Salmonella pullorunm Studies

Kinimum Concentration of Peptoness

Table 4 shows that Salmonella pullorum generally grew very

poorly in media containing 0.0l per oent peptons, In order to determine
whethor this was due to the partiocular strain of the organism or wes
gonerally true of the different strains, eight additional strains were

used, The peptones employed were those in which Salmonella pullorum "L"

had shown particulary poor growth, The medis werec made up with 0,1, 0,01,
and 0,001 per cant peptone., The nedia were inoculated and after 72 hours
of incubation at 37° C,, transfers were made to duplicate tubes of the

same media. Trmsfars were made azain after another 72 hours,



Growth of Organisms in Modiabontnining 0.,0005% Peptone

Tadle 6

after Inoubation at 37° C, for 5 days
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Organism Peptones
P DP D3 PL W
Pv-2 tr, tr, tre tre tr.
Ao + + +ie +*+ +
As-l + . . +  Ae
| An-2 i+ + A+ 3+ -
An-3 + 34 . + 1
Sa-a tr. tre - 3+ tr,
Sha 2+ tre 0 R -
Pt tre tr, tr, 3+ tr.
Bs-L + 1+ A A
Bs-U -2 -2 B 3
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Table 7

Growth of Organisms in Media Containing 0.0001% Peptone
efter Incubation at 37° C, for § days

Orpanisn Peptones
P DP D3 PL w

Py=2 - i+ 3 tr, tr,

- Ao + + i+ + +
Aa-l + + + + +
Aa=2 - + - Ze .
A8-3 + + + + +
Sa-a e tr, tr, tr, tr,
Shs A tre tr. tr.  tr,
Pr tr. tr. tr. tre tr,
Bs=L + g 3 +

T

Bs=M - e 3+ % 34




Table 8

Growth of Organisms in ¥Xedia Containing 0.00005% Peptore
after Incubation at 37° C. for 5 days

Orgzanism Peptones

P DP D3 PL W
Pv-2 - - tr. tr. -
Ao + + " + e
Aa«l + + + + i+
Ad=2 - + - 3+ -
Aa-3 + - + * i+
Sa-a Y ++ 3+ tr. tr.
Shes : * tr. tre tr. tr.
PL tr. tr. tr. tr. tr.
Ba-L + g e A

¥
¥
-
e
1

Bs=U
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Table 9 shows the results after the third transfer in 0.1l

per cent peptone. All the strains of Salmonella pullorum used failed

to grow in media contalning 0,01 per cent peptone, From these results
it was concluded that it lacked an essential substance or contained a

toxio substance,

Effect of Nicotinie Acidy

The nreceding results indicate, the presence of & toxic sub=
stance in the wedia, the abaence of an essential growth substance, or
the lack of a specific growth promoting factor. Acocording to Eoser et al
(1938) niocotinic mcid (or its amide) is an essential growth substance for
the d&sentery bacilli,

To basio Medium I ocontaining 0.1~and 0.1 per cent Basto-peptone,
nicotinic acid was added at the rate of 0.1 miorogram per oc, of medium,

There wore no differences in growth of Salmonella pullorum in

" media which orizirally failed to support growth end that to which nicotinies

acid had been added, Therefore nicotinio acid is not a factor in the

failure of Salmonella pullorum to grow well in 0.01 per cent peptone media,

III The Effeot of Extraotion on Peptone

One peptone, Bactow-peptone, was extracted with sevoral solvents,
It was hoped that & growth stimlating, e toxio substance, or certain
anino aocids might be extreoted and the extraoct and the extracted residue
would exhibit different growth producing properties than the unextracted
peptone,

The peptons was extracted in a Soxhlet extractor. About 30,0

grams of peptone were added in the thimble and the extraction with a



Table 9

Growth of 9 Strains of Salmonella pullorum in 0,17 Peptore
Kedia after 6 days Incubution at 379 C.

Strain Peptone

S AB - AS DN CHP DP
Pl - - ++ + - ++
P3 4 ++ +*+ + - ++
P4 - +*+ ** + - ++
P292 ++ +e + + - +*
p321 ++ ++ 4; ++4 + ++
P336 - - - - - *he
P706 - ++ + + - .
pP723 * ++ ++ * - +

Pel, +4 - 25 ++ - +44
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given solvent was carried on. At the end of the extraction period the
peptone was removed from the extract (under reduced pressuro_if tﬁo
boilins point of the solvent was above 100° C.)s A new'portion of peptore
was then extraoted with another solvent,

A list of the solvents used and time of extraction is foﬁnd in
Table 2<b, Absolute methyl alochol and absolute ethyl alcohol were the
only solvents which extracted any appreciable amounts of substance from
the peptone.

Each extract and extraoted residue was added to Medium I 4in
concontration of 0,1, 0.01 and 0,001 per cent, The media were inoculated
with organisms in Groups I and II,

Observations at the end of five days falled to show any differ-
enoces in growth between the urextracted peptone used as a control, the
extracts, o the qxtractod residues,

It was suzgested that the extraction time was not long enough,
Bactoepeptone was extracted for €60 hours with absolute methyl aloohol
ard benzene. These extracts end extracted residues also failed to show
any differences in growth from the control, ‘

The extraots and residues were also used in the following ex-
periments, The results being tadbulated with.tho other peptones, (See
Tables 10, 11, 12, 13, 14, and 15).

IV The Effeot of Peptones on EndeProducts of
Baoterial Xetadbolism

Effeot on Acetyl Methyl Carbinol Production:

In order to test the effect of peptones on the production of

acetyl methyl carbinol, 5.0 grams of the peptone to be tested were
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addcd to one liter of Medium II.
Medium II
Dextrose, Cs Pu seseceseee 540 8o
KoHPO4, Anal, Reazentesesse 5.0 go
Distilled Vatereseseseess 1000,0 oo,

The media was tubed in § co, portions and inoculated with the
coliform bacteria, Group IV, One co, was romoved and tested for acetyl
methyl cardbinol after inocubation of 24 hours, Barritt's reagents
(Barritt=1936) were used to make the test, Acetyl methyl carbinol was
erain tested for after 72 hours because, according to Palne (1927),
¥Williams and Marrow (1928), Tittslor (1938) and Segal (1940), some or-
ganisms utilise the acetyl methyl carbinol produced,

There wore very little difference in acetyl methyl carbinol
production in the different media as can be seen in Table 10, Stearns,
Armour, Armour peptio digest of pork musole, Armour pancreatic digest of
beef muscle, Armour panoreatic digzest of casein, Cudahy beef peptone,
Bacto-tryptose, protecse-peptone, and protone peptones gave good clear,
easily read tests, Paml Lewis''poptone gave poor results, The results

-after 72 hours were very little different, and were omitted from the

table., None of the strains of Escherichia used produced acetyl methyl

carbinol, and were also omitted,

Effect on Indol Produotiong

It has been shown by Herzfeldt and Klinger, Tilley (1921),
Woods (1935) and .othars that bacteria produce indol entirely from the
breakdown of tryptophane, Whether a peptone ocan be used to show indol

production depends primarily on the content of this partiocular amino acid,
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The medium for this experiment was 10 grams of the peptone
dissolved in one liter of distilled water. Tho media was tudbe in § oo,
portions and inooulated with organism in Group IV.

Observationa were made after incudbation at 379 C, for 24 hours
socordinz to the procedure in Standard Methods of Water Anaiytia (1936).
Kovao's reagent made up socording to Levine (1937) was the test solution.

To § co. of the media to be tested 0.2 to 0.4 co. of the resgent
wag added., A deeop red oolor on the surface indicated a positive test.

Acoording to the results swmmsriged in Tadble II, there are
several peptcnes whish oan be utilized as well as tryptone to demonstrate
indol production, Armour panoreatisc digest of ocasein gave the olearest
positive tests. Wilson, Paul lewis, Baoto-tryptose, ard Bactoetryptore
geve good results. The bensens, methyl alechol and ether extracted
residues also gave good results, Stearns, Cudahy hog protein and Bactoe
protone-peptones did not contain enocugh tryptophaﬁs to give any positive
tests with the organisms used, The strains of Aerobacter which did not

produce indol were omitted from Table 12,

Effect on Hydrogen Sulfide Produstion:

Lead Acetate Xothod
The formula of the basic mcdium used in this experiment is as
follows:
Kedium IIZX

Dextrose, Co Pe veveee 1.0 g
Lead Acetate ,ece.c000 042 g,

Agar, Baoto scescecees 10,0 2
Di.till‘d Yatoreeeo 1000,0 (1
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To this Medium III, 20.0 grams of the peptone to be tested
wore added, The pH was a.djus‘ted, and tho media tubed, pluzged, arnd
sterilized at 15 pounds pressure for 15 minutes, Armour infusion, neo-
peptone and Witte's peptones gave dark colored and cloudy medie which
made observation difficult,

Duplicate tudes wore inoculated with the organisms in Group III,
The puncture was made oclose to the side of the tube so if blackening of

the modia ocourred it could oaai»ly be seen, All the tubes were incudbated

at 37° except those of Salmonella pullorum which were incubated at 30° C,

Obscrvations were made at 2, 4, and 7 days,

The results are sumariged in Table 12, ¥ilson, Parke Davis,
Paul Lewis, and Stearns peptones gave very satisfactory results when
employed in lead acetate media, None of the organisms grew in Bactoe-
protone or Witte's peptone or produced hydrogen sulfide from Armour

infusion peptone go these pentones were omitted from the tadle,

Biemuth Sulfite Method
The basic medium was preparcd according to the method of
Hunt.r and Crecelius (1933),
Modiun IV
KoHPO4, Anal, Reagent .o 0.3 go
Ag", Baoto esesncscncees 540 G
Distilled Water seeeee 94040 0O,
Dissolve and filtoer, then adds
N‘zso » (20% colution) eeseescssesss 10,0 co.
Bismuth and Ammonia citrate, Merck .. 0,16 g.

Mannitol, Ce Pe sesesecccccscescenses 5.0 Be
l‘!ilk, sXimnod ceescccesececocscncnseessS0.0 cO,
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To ¥ediwm IV, 20.0 grams of peptone were added. The pH was
adjusted to 7.1 and the medium was tubed, plugzed and sterilized at
15 pounds for 15 minutes,

The addition of skimmed milk was ‘aup.poccd to prevent precipita-
“tion tut in all media t}xe:;o was a precipitate in the bo‘btoﬁ of the tube,
A1l the peptones pgave clear, light ocolored media except Armour's infusion
peptone, proteose-peptone {3 (DPP), Witte'c, and protone, These were
dark colored and oloudy making readings very difficult,

After irlioouhtic;n with organisms of Group III the tubes were
observed at 2, 4, and 7 da{yn. A sunmary of the rosults after 7 days is
given in Table 13. It .was impossible to make any observations on the
med_ium containing Witta's nentone hecause of its dark color. Wilson,
Armour peptie digoat_ of‘ casein, Bacto-tryptose and Baoto-tryptone pepfonu

gave good resilts in bilsmuth sulfite media,

Ferrio Citrate Method:
The basic mediim, made up scoording to Levine (1937), is as
follows:
Mediunm V
K2HP0 o Anal, Reagent ,4e0e0 1.0 Be
Forrio oltratescecssceessces 0o Be
Doextrose, Co Po seeecccncoee 1.0 8o
A.‘:’,”' BaotOoesssesssessecacoe 10,0 go
Distilled Watereeeceeseeeesl000.,0 oo,
Twerty grams of peptone were added to Medium V. After tudbing
and pluzging it was sterilized at 15 pounds pressure for 15 minutes.
Protone, tryptone, and Cudahy hog protein peptone gave good

growth, but the organisms produced no hydrogen sulfide in these media so
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I3

they were omitted from Table 14, Wilson, Armour infusion, eand ?ﬁtto'l
p2vtones were derk colored and sloudy which made observations very
difficult. Parke Davis and Cudahy beef peptones gave the best hydrogen
sulfide pro uotion when ferric citrate was used as en indicator. Pro-
teose-peptone gave a number of traces of hydrogen sulfide, tut the
results were not /oasily interpreteds Stearns, Armcur, Arumour ﬁa.ncreatic
dizest of casein, Cudahy protein, Bacto~tryptone and Bacto=protone

peptones gave no positive tests, and were omitted from Table 14,

Comparison of Methods:

| In Table 15 the peptones are compared as to the number of
hydrogen sulfide positive tests which were obtained by each of the
three methods, From the results it can be seen that the indicator used
for the detection of hydrogen sulfide must be taken into acoount when
a suitable peptonse is beinz chosen., Some peptones such as Cudahy hog
protein peptoneo, protone, and Witte's peptone are not suited to demon-

strate the presence of hydrogen sulfide with any of the three indicators,
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Table 16 44

Comparison of the Number of Positive Hydrogen Sulfide Tests
Using Lead, Bismuth, and Iron as Indicators

Pentones Indicators
Lead Acetate Bismuth Sulfide Ferric Citrate

P 10 8 ’ 8
w 19 20 s
PD 18 | 13 14
s 14 15 0
AS 15 11 0
AP 12 16 1
AD 12 17 3
AC 3 19 0
AT ' 0 20 1
PL 20 14 10
CHP o 3 s o
CH 14 15 8
CB o - 5 14
DT ‘ 12 19 9
D1 15 18 14
DP 13 12 3
DY . 5 20 0
DN 1 19 3
DPr o 6 0
T 0 0 4
DPP 9 13 9
U=t 14 19 5

B-l 17 20 6
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DISCUSSION
The various peptones differed considerably in their ability
to support growth of bacteria at low concentrations. Likewlise, the
organisms also vary emons thomselves in their abllity to grow in the
presence of low concentrations of peptones. The minimn coucentration
of most of the peptones for the majority of the organisxzs was somewhere
below 0,001 per cent. The minimum ooncentration of most of the peptones

tosted, necessary for the growth of Shigella dysenterise, was somewhere

between 0.1 and 0,01 per cent. The minimum concentration of most of

the peptonres for Proteus vulrarls, Stroptocoscus lactis, end Salmonella

pullorum was gomewhore between 0,01 and 0,001 per cont. Of the ten
orcanisms which showed food growth in 0,001 per cent peptone medla, most
were still exhibiting some growth when the peptone content was lowered

to 0.,00005 per cent,
It 1s difficult to account for the zrowth of the organismnsg in

concentrat ions of peptonos as low as 0,00005 per cent, Possibly there
were enough nutrients carried over with the inooulum to initate growth,
but this hardly seems possible since all tubes were inoculated froa
suspensions in physlological ealt soluticnss Kost of the orgarisms
which grew in trese low ccncentrations are proteolytlic end possibly are
able to utilize more of the molecule and thus require less peptone,
Another possibility 1s the presenoce of a growth promoting factor which
would permit the growth of these crgaunisms in low concentrations of
peptone,

It wes found that of the nine stralns of Salmonella.pullorum

. tested, all failed to grow in 0,01 per cent corocentration with the six
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poptones, Koser et al (1938) listed either nicotinic acid or nico-
tinamide as growth promoting fac:tcrs of the dysentery organisms. It
was thought that perleps these peptones were low in, or laocking in this
factor, but the addition of niscctinic acid did rot improve growth,.

Bacto-peptone was extrascted with varicus solvents in the hope
that a toxio substance, a growth promotins factor, or an essential amino
ecid might be removed. As far as growth supporting prepertics were cone
ourned all extraots and extracted residues gave ths samne amount of growth
a8 the unextraoted Baocto=peptone, The methyl alocohol extracted residue
gave less hydrogoen silfide producticn by the lead acotate mothod, This
would oorrelate well with the report of Redfield (1915) who stated that
much less hydrogen sulfide was prcduced from the aloochol insolible pepe
tone than from the unextracted peptons. Eowever, in media ocontaining
bismuth sulfite or ferric citrate, both the methyl alcohol extract and
oxtracted residue aﬁd the bensene extracted residue geve better hydrogen
sulfide production than media containins the unextracted peptore,

Acetyl methyl carbinol is produced by scme bacteria as a result
of the fermentation of glucose, It 1s probably fcrmed by the condensation
of two molecules of scstaldehyde, In the Voges-Proskauer test, the acetyl
methyl carbinol is oxidized to diacetyl by the alkmli, This ocondenses
with oonstituents of the peptone containing the guanidine ruoleus to give
a red color which indioates e poaitive test. The pentone is important
in this test only as it promotes growth of the orzanism and furnishes
compounds containing the guanidine nucleus. The tests for acetyl methyl

carbinol were good in all the poptones.
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Horzfeldt arnd Klinger proved there was a stcichiometric re-
lationship betwsen the indol formed by bacteria and the tryptophane
disappearing from the media, Woods (1935) using thick washed suspension

of Escherichia ooli, showod that 1(=-) trybtophane is oonverted

quantitatively to indol, and that the rates of disappearance of trypto-
phane is identical with the rate cf production of indol.

A peptone, then, must contain enough of the amino ecid for the
organism to produce indol., Armour pancresatic dizest of casein gave the
olearest positive tests., Eight other peptones gave very good results.

Oydrogen sulfide production by baocteria is influenced by
soveral factors. Media containing the same peptcne ray procduce entirely
different results when different indicators are used, For example, of
the twenty crganisms tested none pgave positive tests for hydrogen sulfide
when iron was added as an indiloator with Stearns peptone, but fourteen
organlsms gave positive tests when bismuth and lead w§ro inoorporated es
indicators. An explaination for this might be that the enzyme system
which causes the production of hydrogen sulfide waa inactivated by the
indicator in some manper, or the indicator combined with the sulfur
compounds to meke them unavailable, Very few organisms produced hydrogen
sulfide when Cudahy hop protein, Bacto-protone or Witte's peptones were
used, no matter which indiiocator was ewployed. They obviously do not
contain sulfur compounds availadble for the produstion of hydrogen sulfide.

From thess studies it would appear that on the whole all pep-
tones employed in these studies gave better hydrogen sulfide production

when bisrmuth sulfite was used as an indicator than when lead ucetpto or
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forric oltrate were vsed, The production of hydroges sulfide depends

upon the peptone used as well aa the detector ion,
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The'growth supporting propsrties of the peptones under lnvestigation
varied a great deal,
The minimum oonoentration of peptone necessary for the growth of

Shirella dysenteriae, Proteus vulsaris, Strentococcus lactis, and

Salmonella pullorum was determined,

Peptones appear to contaln & substance which is toxis to Salmonella
pullorum or else they lack a growth stimulating substance necessary
for the propagation of this organisme The absence of nicotinio acid
from the peptones does not seem to be the factor involved.

Extraotion of Bacto-peptone with several organio eolvents did not
offect its growth supporting properties,

All the peptones tested contained enough compounds possessing the
guenidine nucleus to give good tests for acetyl methyl carbinol

vhen the latter was produced by bacteria,

Severel peptones were found which ylelded superior tests for the de-
monstret ion of indol production,

The production of hydrozen sulfide in the various peptones was compared
employing three different media. A4ll the peptones under investigation
produced better results whon biscuth sulfite was the indicator than

when ferric oitrate was employed.
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