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Introduction

The interest in choline and its derivatives has
'grOWn in recent years because of the unique role as_hdrmone
and as essential dietary and lipotropic factor, That 1little
~Qr no quantitative data can be found on the free choline
' r¢pntent of the varioué bilological fluids isg due to the fact
; ;'that the tissues contain appréximately 1 mg, per cent free
choline to 40-325 mgs, per cent total choline,(l) and good
  'qﬁan£1tafive methods are not available for the analysis of
amall_quantities in tissues,
The chemicel methods used for the determination A
S   ?Qf»cho11ne (2-12) are for the most part based on the formation
‘ ; ‘;1   ] Qf}an insoluble precipitate with iodine, platinie chloridé,
P ’f”ﬁercuricvchloride, or Relnecke's acid, The resulting

f pr3cipitates are purified snd weighed as such, checked

azﬁybmelting point determinations, anslyzed for‘nitrogen,
;,:7[j f  fr;méthy1am1ne, chromium, 1odide, mercury or estimated
:,kcolofimetrically. In most of the methods the final deter-
minatlion 1s made not on the choline‘part of the molecule
" but upon the added reagent, In micro-determinations this
"Ll‘leads to errors through comtamination with excess resgent
vér,through loss of the material by numerous washings.
35 ;fr8amp1es containing & minimum of 15 micrograms of choline

 _can be determined by the most sensitive chemicsl methods.
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SBome bilologlcal methods for choline determination
depend on the conversion of the choline to its much more

 i’phyé1olog1ca1ly active acetic ester, and the subsequent assay

of the latter on the frogts rectus abdominis muscle or the
’14IQngitud1na1 muscle of the leech by comparison with standard
}‘ f&ceth1cho11ne solutions, (13) ‘More recently developed 1is
  ‘§‘b1o1ogica1 assay which consists in comparing the amount
7,lof7proteetion afforded by a food materlal and by pure
. choline chloride in preventing kidney hemorrhages which
~oceur in rats receiving a choline-deficient diet. (11)
i The recent development of microbiological assay
 zhethods for the determlnatlion of vitsmins in blological
n \;w:fiu1ds and tissues has galned rapld approval., The micro-
;w ; A '[gbio1ogica1 agsays, 1l.e., vitamin assays in which the test
- ' qagént used 1s some microorganism, are not only extremely
k‘Sensitive to minute amounts of teét material but are aqcuratg
rapld and inexpensive. The minimum concentration of the
| ”fvitamins determined by these microgiological methode is as
.  £611033: blotin L.migro microgram (14), folie acid 0.0001
 f‘m1crogram‘(l5), inositol 0.1 microgram (16), nicotinic acid
“  'Q_oQ1 microgram (17), pantothenic acid 0.0001 microgram (18)
’i]'ﬁfaminobenzoic acld 0.0l microgram (19), pyridoxine 0.0001
2‘>'m1~<‘3rogram (20), riboflavin 0.001 microgram (21) and thiamine
- 0.0001 microgranm (22,23)

The role of choline aslan essential dietary

constituent for fowls and memmaels has been demonstrated
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fepeatedly in recent 1nvestigationé end 1t has been inecluded
VLgby gsome as & member of the vitemin-B complex; The possibility
f\ﬁﬁbf developing a microblological assay for choline seemed
wdbthy of investigation.
It was first necessary to find a microorganism
' ~ which required choline for growth, A survey of the literature
;va'the nutritional requirements of miceroorganisms revealed
ionly one organism which had been shown to reqgulre choline,
~Rane and Subbarow (2U4) had reported that choline, pantothenic
- acld and nicotinic acid are essential for the growth of
. éértain types of Pneumococcus,
In order to determine the limitatlons end advant-
}fages aceruing to the use of the Pneumococcus as a test agent,
j {-: t  ;  it was neceséary to eiplore the nutritionel reguirements of
o the particular strain chosen for the investigation. A Type i
- III (CHA) Pneumococcus was found to require pantothenio,aéid,
niéotinic acld, blotin, choline as well as amino acids from
' ;,:a\casein hydrolysate, cystine, certain inorganiec sslts,
 fdextrose and & reducing agent. Within -certain concentrations
‘ the growth was proportional to'the amount of each of the
?itamins present, The addition of choline in quéntities

a8 1little as 0.1 microgram per ml, produced measurable

"}n grthh. This organism therefore offered possibilities for

:ffthg agsay of choline as well as pantothenic scid, nicotinic

o : acid and blotin.
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| To determine the specificity of choline as a growth
féctor for this Pneumococcus, many compounds which embodied
. part of the structural configuration of the choline molecule

“”ifﬁere investigated., It was found that the growth activity was

contained in the N-C-C-OH part of the molecule. Only one

‘k;naturally occurring substance, ethanolamine, was found to
stimulate growth in the absence of choline. Ten molecules
 0£ ethanolamine were required to produce growth equal to that
" obtained with one molecule of choline. In the presence of
suboptimal quantities of choline, ethanolamine added in amounts
r,equivalent to five times the choline, produced no additional
_growth. These <findings indicate that the growth of this
"'Qfganism offers definite possibilities for the determination of
Z;micro-quantities of free choline in biological materials.
| In addition to the possible use as an assay procedure
,  the study of the choline derivatives'also contributed to the

  know1edge of the metabolic processes of the Pneumococcus, In

this organism it was shown that choline does not function as
"a‘source of labile methyl groups, nor as a precursor of acetyl-
ghéline, glycine, serine or ethylamine but is probably
required to form phospholipids. ‘
The nutritional study of this Type III (CHA)
k»k"Pnéumococcus resulted in the devélopment of a medium of

‘ '* éssentia11y known constituents which not only supportéd growth

. equal to that in veal phosphate broth, but also maintained the
‘wirulence and type specificity of the organism after repeated
’~éuboultures. This is the first report of the growth require-

meﬁts of a Type III Pneumococcus.
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Historvy of the Cultivation ofkthe Pneumococecus .

; The Pneumococcus Was Tirst cultured in egg albumln
| "{ﬁxlebs 1875), veal and beef broth (Pasteur 18%l), then broth
;  i;’with the addition of gelatin or agar (Friedlander 1883), and
 1éter of blood, (Nissen 191 and &ilbert and Fournier 1896),
gserum or other body fluids. (25) Since that time not much
;ehange has been made in the ﬁundamental constituents of the
 fméd1a used for the cultivation of Pneumococcus. Detailed
- s8tudles of the effect of the concentration and constituents
’; offthe cultural medium on the growth, viabillty and virulence
bf the Pneumococcus have resulted in the accumulation of

v~€,~certain facts about the nutritionel requirements of this

" highly parasitic organism,
. The essentlal ingredients of pneumococcal culture
 medla hsve been shown to be meat extractives prepared from

:5~fresh muscle tissue, peptone, sugar, mineral salts and s

sultable concentration of hydrogen ions, f
| Fresh beef, veal or horse muscle, freed from fat
,furnished a better base than the commercisl meat extracts.(26)
Vtiﬁ The addition of peptone to meat infusion broth resulted in
  ;tw0 effects - inhibition or acceleration of growth, depending
upon the kind of peptone and the method of preparation of
" the broth. Both Wright (26) and Dubos '27) studied this

' Bacteriostat1c actlion of peptone and found it could be
 neutra1ized by the addition of reduced thio compounds or by
the addition of the peptone to the broth before it was heated,
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Wright (28) also determined the necessity of a
gmall amount of NaCl, Concentrations of salt, whether as

 a”iﬁg;ch1oride or phosphate higher than 0,1 M, prevented growth

”wéfiPneumococcus (Dernby and.Avery (29). Robertson, 8ia and
ﬁgb (30) showed that 0.1 per cent gelatin in an electrolyte
solution shielded the Pneumococéus from the toxie action of

' the,e1ectro1ytes. Experiments of Hewitt (31) have shown
‘ﬂ~$hat the presence of inorganic phosphate accelerated growth
:  ahd breakdown of>gluoése by Pneumococecus, but his experiments
ff;were carried out in infusion broth sterilized by filtration
'"};;;father than autoclaving; so as he indicates, the action may
  ;be'different upon heating. | _
The addition of glucose'to the medium stimulated
‘"? :f‘and enhanced initial growth but because of the resulting
{ " :v 'aaé1d production, resulted in eventual retardation or complete
 inhibition of growth, (Avery and Cullen(32) The acid formed
~eould be neutralized either by the addition of sterile,

;-jpbwdered calcium carbonate (Wurtz and Mosny, snd Hiss )
: ofiof small pleces of marble, washed and placed in the
ﬂ4tést tubes before filling and sterilization, (Bolduan)(25)
";That production of acld was also accompanied by a production
4[f,6£'t0xic peroxides was recognizefi by McLeod and Glovenlock, (33)
’” The initial hydrogen lon concentration of the
: ;;;i;ﬁbdium and the changes occuring during growth were sfudied

Vf by Dernby and Ayery.(29)_ They established the initizsl optimum

'?”pH.at 7.8, Lord and Nye(3k) have shown that as the medium
~ becomes more acid (pH 7.% to 6.8) the organism may live many

°   ‘days, between 6,8 to 5.1 death begins to take places the greder
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the acidity the more rapid the death, while at 5.1 the
cocci die within a few hours. Kelly(35) has shown that in
the presence of animal fluids or their protein constituents
_the renge in which the Pneumococeus will grow and survive
is widened, |
More nearly optimsl growth conditions cen be
k‘iyprovided.by the additlon of a variety of substances, The
"‘faﬁorable action of blood of man, rabbit, horse, or sheep
was recognized by the ear;ier workers, In addition to
6ontribut1ng some nutritive substances, the blood acts as
a buffer in controlling the reaction, Blood because of 1ts
{'oxidation-reduction system, tends to maintain a prbper
1 ,oxygen balance, while the iron in the hemoglobin seems to
% ” §§t as a catalase., Dubos(36) attempted to simulate the
‘actlion of blood by the addition of certain iron compounds
 stsBss1ng catalase, peroiidase and oxldase activity in the
‘pfesence or absence of yeast extract, but obtained favorable
~resu1ts only in prolonged viability of an avirulent Type II
Pnéumococcus.
‘ Avery and Morgan(37) found that the addition to
broth of sterile, unheated plant tissue, such as yellow and

- white turnip, carrot, beet, parsnip, white and sweet potatoe

and green banana, not only caused acceleration of pneumococcal

- growth, but induced growth even when the inoculum was too
':Q'smgll to initiate growth in the medium. The lag period

~a;5wasuabolished and the gtationary period ektended and cell
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Hrdeath delayed. The prolonged stationary pe:iod and delayed
death wes due %o the presence of the enzymes catalase and
‘f !§éfoxidase present in the vegetables which destroyed the
af perox1des formed by the Pneumococcus, Perhaps the acceleration
 '~‘;veffeet was related to the production of carbon dioxide,
”V f;Rcvy(38) has shown that raw potatoes when immersed in plain
" hroth absoibs oxygen and produces carbon dioxide and the RQ
may rise as high as 20, Kemper and Schlayer(39) have shown
recently that the growth rate of Types I,I1 and III
7Pneumacoccus is msrkedly dependent upon varistions in carbon
dioxide concentrations, This csarbondioxide effect on the
fgrowth rate of Pneumococcus could be demonstrated even
{,though the culture medis contained peptone, blood and glucose.
Considering the complex nature of the pneumococcal
\cultivation, the development of s synthetic medium appesred
"311 the more difficult. But with the progress of bacterial
'> nutr1t1on and the isolation of certain growth factors came
;ﬁhe defined growth requirements of the Pneumococcus by Rsne
 1§§& Subbarow, (24) They obtained growth of highly virulent
5 ‘sfrains of Type I,II,V and VIII on & medium consisting of
“  *ge1&t1n hydrolysate, certain additionsl emino acids,
a»inbrganic salts, glucose, choline, nicotinic acid, pantothenic
’    ~a¢1d and thioglycolic acid. A mixture of known amino scids
}::\}céuld_replace_the gelatin hydrolysate for Type II,V and VIII.
*f}fRéhe(uO) hes since found biotin to be a growth essential
- for all Pneumococci tested. Thils blotin requirement was

‘it*also confirmed by Landy et al.(l#1) with the use of avidin.
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That the pneumococcal nutrition 1s far from being
& complete story has been indicated by the difference

encountered in the essentisl factore for each type This

“' var1at1on of growth requirements of the different types

 ané strains of Pneumococcus has also been noted by Anderson. (42)
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Materisls and Methbgg

In the study of bhacterial nutritlon the possibility

3j6§;1nhibition‘or stimilation of growth by traces of impurities
.'”@?iﬁ the chemicale or glassware must slways be congidered, To
vvminimize this danger all glassware used in the preparation of
‘7the medium and in the growth tests was reserved for this pur-
'?n{ :pose only and was kept scrupulously clean, Chemicals of the
 1  highest purity were used whereever possible., A list of the
checmicals-and.their gources is given below

‘ Agcorggg acid (SMACO) Weighed amounts were added to medium
: Just before autoclaving

Blotin (1) Lederle Biotin Concentrate contained 21 micrograms
o blotin per ml, 0,1 ml, of this concentrate was
diluted to 50 ml, with distilled water and
stored under toluene in the refrigerator,
(2) SMACO Biotin Concentrate #5000 contained 200 micro-
gramsg blotin pef ml, 0,05 ml, was diluted to

50 ml, with distllled water and stored in the
refrigerator,

(3) Crystalline Biotin (8MACO) Contents of a sterile
ampoule contalning 25 mlcrograms were trans-
ferred quantitatively to 50 ml, with distilled
water and autoclaved 15 minutes at 10 1lbs,

e pressure before storing in the refrigerator,

”ﬂﬁfff; alc;um Pantothenate (SMACO) A stock solution was prepared

containing 100 micrograms of calclium panto-

thenate per ml, dissolved in distilled water

and stored in the refrigerator,
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11

» 'Chgl;ge Chloride (8MACO) A stock solution was prepared contain-
= ing 1 mg. of choline chloride per ml, dissolved
in diétilled water and stored in the refrigera-
: tor, ,
’; fgg§at1ge (Coleman and Bell) A stock solution was prepared

- contalining 1 mg. creatine per ml, dissolved

in distlilled water and stored in the refriger-
ator,

Lygzgtige (SMACO) Added to basal medium in welghed amounts,

'f‘ Giucose (M2llinckrodt Anhydrous Dextrose) 2.5 gms, were

diluted to 10 ml, with distilled water and

autoclaved for 15 minutes at 10 1bs, pressure,

W ,:L (+) Glutamic Acid (Amino Acid Mfg,) Added to basal medium

it in weighed amounts, _

~V.<}1utamige (SMACO) Specific quantities weighed and added to

. the medium Just before autoclaving, Due to a
limited supply of this compound it was omitted
from the medium used in the study of the choline

derivatives

"’ ;;§;cet;g1c Acid (Eastman) A stock solution was prepared contain-

ing 1 mg, of nicotinic acld per ml, dissolved
in distilled water and stored in the refrigera-

tor,

ﬁi]ijghgamine Hydrochloride (SMACO) A stock solution was prepared
B containing 100 micrograms of thlamine hydro-
chloride per ml, dissolved in dilstilled water
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12

plus one drop of HOi and stored in the
‘ refrigerator,
~~U2acil (Eestmen) A stock,éolution was prepared containing
1 mg, uracil.per ml, dlssolved in a few dfops
 of HOl by heating, diluted with distilled
water and stored in the refrigerator,
?The emines and choline derivatives were gathered together from
:various sources, The calcium salt of phosphorylcholine chloride
was kindly supplied by Dr, Halvar Christensen, The diethyl-
~methyl-g,y -dlhydroxypropylammonium chloride, o, oa-dimethyl-
’v_chbline chloride, triethylcholine chloride and dimethylethyl-
'hydroxyethylammonium chloride were kindly supplied by
fDr. Vincent du Vigneaud, The tetraethanolammoniumhydroxide,
 , 2Qam1no-2-ethylf1,B-propanediol, phenylethanolamine, dlethyl-
aminoethanol, dimethylethanolamine, methyldiethanelamine, and
‘Glethanolamine were generously contributed by the Carbide and
Gérbon Chemicaels Co, I wish to express my thanké for these
'1 j¢ompounds. The remalning compounds were obtalned from the
’?ollowing companies: Ethanolamine, N-acetylethanolamine,
~ p-methoxyethylamine, triethanolamine, and -diethylamino-
fvprppaﬁol from the Eastman Kodek Co, 2-Amino-2-methyl-l,3-pro-

4 p_ﬁnediol, 2-amino-2-methylol-1, 3-propanediol, and 2-amino-2-

 ”;.methy1-1-propano1 from the Commercial Solvents Corporation.
| Acetylcholine chloride, acetyl-p-methylcholine chloride,
"?*xcarbamylcholine chloride, urethane of p-methylcholine chloride,

kfggand glyeine from the Merck Chemical Company, Sarcosine

 (Pfanstiehl) methionine (SMACO) betaine (Hoffman 1a Roche)
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13

" and dl-serine (Amino Acid Mfg.)
' Solutions of the amines and choline’derivatives

were mede by dissolving a weighed amount in distllled water,

fgéggureggnt of Growth

' Turbldity - A turbldity comparator described by Krebs
et al, (43) was used throughout this work;/
With this instrument light scattered by the
particles passes tQ a photoelectric cell
and the current from the photoelectric cell
18 amplified and read on a mieroammeter;
thus the greater the turbidity, the 1arger
the reading in microamperes, Tubes‘were
chosen which gave a reading within 3,0
microamperés with a 0.2 per cent bentonlte
suspenslion, The ggowth tests were run 1in
these matched tubes so that the*tuﬁbidity
could be measured directly at any time during
the growth of the éultﬁre, Before the growth
tubes were read, the instrument was set at
10 microamperes with a matched tube contain-
ing distilled water,

Acid Titration - The acid produced in a particular culture

was megsured by adding 0.1 N NaOH from a 5 ml,

burette until the culture was Just faintly
alkaline to phenolpthalein, A small glass

atirring rod with one end flattened was used

to facilitate thorough mixing,
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Bacterlal Nitrogen - Bacterlal nitrogen provides one

of the most accurate methods for measurement
of growth (U4l), but in this preliminary
nutritional study a more rapid method of
comparing growth waé more practical, In a
few experiments the turbldity measurements
were.checked with nitrogen determinationé.-
8ince the method used was a combination of
‘several different methods (%5; 16), the

| details arerrepprted4here. The 10 ml,
culture w@szpoured_intq 8 pyrex centrifuge
tube and céntrifuged at high speed (8000
R.,P.M,) until the supernatant liquid was
clear, This took about 30 minutes., As

much of the supernatant liquid as possible

was siphoned off with a capillary, the
sediment wasghed with § ml.,of’distilled
water and centrifuged a second time until
the supernatant liquid was elear; The clear
1liquid was agaln siphoned off, Concentrated
sulfuric acid (1 ml,) was added directly to
the centrifuge tubes and the resulting solu-
tion transferred quantitati#ely‘with,at
least 6 one ml, washings to a 100 ml.

Kjeldshl digestion flask., After the addition

of 0.5 gm. K580), two drops of a 5 per cent
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CuSOy solution and a quartz pebble, the
mixture was diges%ed over a micro burner
for ten minutes aftgr the mixture became
clear, The digested‘mixture was cooled and
diluted to ebout 50 ml, with distlilled water,
A pinch of talcum, a drop of phenolpthalein
end 4 ml, of a saturated solution of NaOH
were added, The flask was immediately
attached to a condenger and the NH; distilled
directly into a flask cbntaining 5 ml, of a
5 per cent solutionﬂof‘boric acid, 2 drops
of methyl red and enough water to cover the
end of the condenser. The boric acld solu-
tlion was titrated with 0.01 N HCl to match
& blank containing the same quantlties of
boric aéid,,iudicator and water (46), Re-
agent blanks were run with each set of
determingtions. Young cultures were qﬁite
difficult to centrifuge clear and the results
j;;i 1 J‘fg | were quite inconsistent; but the values ob-

tained on duplicate tubes of older cuitures

checked exceedingly well,
FPlate counts - The number of viable organisms in a given
culture was determined by msking serial dilu-

tions and plating, 8erlal dilutions were

made by successlve transfers of 1 ml, of the
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culture in 9 ml, portions of sterile bassl
medium, A fresh sterile Kahn pipette was
~used for each transfer and was rinsedllo
times before and after the transfer was made,
Inoculations froﬁ these dilutions into the‘
medlum were always made in 0,1 ml, quantities.
Plate counts were made by transferring 1 ml,
of the 1072 to 1077 dilutions to sterile
petrl plétes. The synthetlc medium contain-
ing 1.2 per cent agar and cooled to about
45°C, was poured over the inoculum and mixed,
Four plates for each dilution were made,

The colonies on the plates were counted at
the end of 18 and 24 houré incubation, The
number of vieble organisms present in the
culture was estimated from fhe.dilutions and

the'&verage nunber of colonies counted,

' "~;HvB§9terio1og1ca1 Methodg

e Cultures - Strains of Type I and Type II Pneumococcus
were kindly supplied by Dr, Leo Rane at the
Lederle Laboratories, The Type III Pneumo-
coccus obtained from Dr, L, H, Schmidt at
the Ghriét Hosgpital Institute for Medical

Research was a strain known as Type III CHA,

The stock cultures were passed through micé 

three times a week and the heart blood sub-
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cultured in a veal phosphate infusion broth,

prepared according to the method in Park
and Williems (h7) for heef heart phoSphate
broth but with two exceptions, Lean veal
wag used. in place of the beef heart and
Difeco proteose peptone in place of Parke-
Davis peptone, The purity of the cultures
was checked frequently by stained smears
end the type specificity by the Neufeld re-
action, _ .

Inocula, To provide the inoculum for an experiment,
0.2 ml, of thé stock culture was,subcultured‘
in 10 ml, of veal"pheéphate broth enriched

- with 0,25 per cent glucosge and incubated for
5-6 hours at 34°C.* Five ml, of this young

repidly growing culture were transferred to
a sterile centrifuge tube and centrifuged
for 15 minutes. The supernatantfliquié‘was
plpetted off and the cells washed with 5 ml,
of stérile baéal medium, After centrifuging
again for 15 minutes, the supernatant liquid

was removed and the cells resuspended in 5 ml.

sterlle basal medium, Thehéxperimental tubes

* Incubation at 34°C, wag not chosen because it wes optimum for
~the growth of this strain but because it was more convenient,
The rete of growth at this temperature and at 37°C. did not
_differ greatly. The turbidimeter readings differed by 5 after
- 11 hours, by 13 after 16 hours, and by 0 after 18 hours incu-
- bation, '
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were immediately 1noculated with 0,1 ml, o;
this éuépension. The inoculations were made
with a 1 ml, pipette and care was taken to
prevent the contact of the pipette with the
- medium, This inoculum averaged around one
million organisms per ml, of medium, Thié
large inoculum was used for several reasons,
(1) The development of growth was quite slow
in the semlisynthetlc media and much time was
gaved by using an inoculum which would give
rige to an earlier development of visible
turbidity, (2) The results were more con-
sistent. (3) The turbidity obtained without
added choline was very slight, Experiments
with smaller inocula have been reported in
the section on bacteriologileal studies, A
control tube of veél phosphate broth enriched
with 0.25 per cent glucose was run with each
experiment to check the inoculum and to serve

also as a comparative'standard of growth,

v Qgem;gal Methods

~ Preparation of Hydrolysates: :
A modification of the method of Pappenheimer

and Johnson (48) for the preparation of a

gélatin hydrolysate has been used successfully

in this work, 500 gme, of Eastman deashed

gelatin or 8MACO vitamin free caesein was added
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slowly to 2500 ml, of 8 N HCl and hydrolyzed
18 hours over a flame, The dark brown hydrol-
ysate was evaporated in vacuo to a gummy maés
and redissolved in two 1it;rs of hot distilled
water, This was again reduced to a gummy

meegs under reduced pressure, The black syrup
was again dlssolved in about 2 liters of hot
distilled water and decolorized with Darco
vegetable charcoal, Thie was accomplished by
adding about K0 gms, charcoal to the hydrol-
ysate and heating on & steam bath for about
ten minutes. After standing about an hour

the mixture was filtered by suction and if

the filtrateiwas not a clear straw colored
liguid more chafcoal was added, During the
course of this work, caseln hydrolysates

were prepared by this &ethod three different
times and there was no observable difference
in their growth promoting qualitites, The
nitrogen and chloride content of each prepara-
tion was determined. The nitrogen content

of these hydrolysates, as determined by direct
Nesslerization (49) after digestion with the
Folin KJeldahl digestlion mixture (50), ran
about 15;20 mgs,
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percent N per ml, of hydrolysate. The
chloride content, as determined by the
Volhard titration method (51), ran about

80-10Qﬁmgs. NaCl per ml, of hydrolysate,
ihe hydrolysates were stored under toluene
in the refrigerator.

A casein hydrolysate by both Pappenheimer's
and Mueller's (52) methods with the removal
of iron from portibns of each 1é dexcribed
below.

About 400 gms, of SMACO vitemine free casein

was hydrolysed over & flame for 20 hrs., with
g N HC1, The hydrolysate was evaporated to
a gummy mass in vacuo and redissolved in

about two liters of hot distilled water,

Half of this mixture was evaporated again
and decolorized with charcoal as described
above, The other half was made up to two
liters with distilled water and a paste of
litharge (PbO) added until the hyarolysate
was neutral to bromeresol green (pH 4), This
suspension was then filtered by suction and
the filtrate treated with about 50 ml, of a
saturated solution of Ba8 (pure-yellow).

A solution of 10 N H,80) was added until the

 clear supernatant'gave a - g¥4sh% precipltate
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with barium acetate., The addition of the
Ba8 and Hp30)y was adjusted so that there was

an excess of sulfide and a slight excess of

sulfate;» This sugpension was filtered and

the filtrate aerated for about two hours to

remove excess HES. Iron was removed from
100 ml, portions of the two hydrolysates by
absorption on,(Ga)z(POQ)é,iéne gram of
KH2P0u wa.s added; the pH of the hydrolysate
adjusted to 7.6-7.8, 2 ml. of a 10 per cent
solution of CaCly, then added and the result-

ing solution heated to boil%gg?and filtered
while hot. . The precipitation of (Ca)3(POy),

was repeated three times,

éy;;  <fnet§rm1nat1on of pH of the basal medium wes made first with phenol

. red, and then checkedvelectroﬁetrically. With
practlce 1t was possible to adlust the pH
wlthin 0.2 using the phenol red,

§3;7‘ 1~~Pig¢edure for Growth Tests,
e Different ‘amounts of the substance to be
tested were added to matched pyrex tubes in duplicate

concentrations. The growth factqrs”wére added from stock

solutions to a calculated portion of the basal medium

and the weighed amounts of ascorblec acld and glutamine
added, Aliquote portions of this mixture were added %o
the tubes and thorouéhly mixed, The total volume of each
tube was made up to 9.7 ml., with distilled water, the
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tubes plugged with non—absofbent cotton and autoclaved
for 15 minutes at 10 1bs, pressure, They were cooled
slightly in water and while the sterile glucose golution
was belng added the inoculum was centrifuged the first
time, While the inoculum was being eentrifuged the
second time the tubes were thoroughly shaken to insure
complete mixing of the glucose, The inoculum was added
and the tubes incubated, After 12, 18 and 24 hrs, 1ﬁcﬁ-
batlion the tubes were removed from the incubator, shaken
and the turbidities compared, |

In the experimental data preseﬁted the
turbidimeter values are the average values of duplicate
tubes, Velues differing by four microamperes or less

are within experimental error,
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Experimental Obgervations

4';’ ngelopmgnt of the medium,
i Several attempts were made to grow strains of Type I

and Type II Pneumococcus on the medium describéd'by'Rane and

- Subbarow (24), The medium was prepared as follows:
Medium I ‘
Bagal Medilum

Acid-hydrolyzed Eastman
de~aghed gelatin®*,...., 18 ml, (=1 gm, N)

1 (+) Glutemic acid......... 0,1 Grams
1 Oystine..........ooun.... 0.025 "
KHoPOp. o vvvveeineiinnnnn.. . 5.0 "
Distilled water to make,.... &00 ml,

pH adjusted to 7.8

To & ml, portions of the basal medium were added the
following growth factors,
Calcium pantothenate ....... 1 micrograms/ml, mediup
Nicotinic acid............. . 10 " o "
Choline chloride............ -5 " B " "
After autoclaving, the sterile solutione listed below
were added, o .
Mg80y, THoO. . o.veuevetvus... 1,0 nge, /ml, medium
Glucose, . ..o.uunen.... ceeee. 5,0 % W :"
RiboflaV1n..,....;.......‘..,Q.l micrograms/ml,medium

Sodium Thioglycolate........50 " " "
(10% soln.autoclaved)

¥ Hydrolysate prepared according to a modification of Pappen-
heimer's method,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



ol

The inoculum at this time Wag prepared as follows:
?Gultures of Type I and II Pneumococci obtained ‘directly from
| !the mousge were subcultured in a meat infusion peptone broth
-ééntaining 0.1 per cent glucose, and incubated for 12 hours,
0,1 ml, of this culture was subcﬁltured in the meat infusion
  pfoth with 0.1 per cent glucose and 1ncubated‘6~7‘hours at
 137°6., centrifuged, washed with sterile distilled water and
fesuspended in sterile distilled water. 0.1 ml, of thie |
sﬁspension was used to inoculate 10 mi, of medium,
' ‘With this medium and inoculum, the turbidity at thé
. end of 60 hrs, incubation was very slight, The addition of
7v b1of1n concentrate or the sterilization of the thioglycolate

'1 £hrough a 8eltz filter 414 not improve the growth,

Growth of the same orgenisms wag next tried on a
medium suggested by Dr, A, A, Anderson (42) and prepared as
iinollows. L
| Medium II
Mg80y.7THO .........i ... O gmas,
CaCly 2H0 .....eveunn..... 0,02 ¥

MnSOy. MHO ................ 0.005 "
Fe80).7THO0 ........... cees.. 0,005 "
Blotin (methyl ester)....... 2.5 micrograms
Ca pantothenate...... e 4OQ,O .
Choline chloride........... 10,0 mgs,

d (+) Glutamic acid........ 20,0 "
GlueoBe ...vieivennenneanae &,9 gms,

KQHPOI_L ..‘4...‘_00|Q00'.’..O".' 1.O ”
Distilled water to make ... 800 ml,
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The pH was adjusted to 7,8 and the mixture heated

. and flltered. After sutoclaving, 0.1 ml. each of sterile
solutions of Coenzyme I* and thioglycolic acid ** were added
quévé ml. portions of the above med ium,
, Thé inoculum was the same as that used with Medium I;
“5 ;bnt there was s8till no turbidity at the end of U2 hours,
 Failure to obtain growth at this time was probsbly due more
L to inexperience in handling this organism than to the media.
| The CHA strain of a Type III Pneumococcus wes then
: i;;tried in both medium I end II and in a combination of the two
. media, Measurable turbidity was obtalned at the end of 42

t    hpurs with this organism in s medium prepared according to
o Rgne but supplemented with bilotin concentrate and the thio-

g . glycolic acid prepared according to Anderson's method,

~® Coenzyme I solution: 5.0 mgs, Coenzyme I (50% pure) was
. Gissolved 1in 25 ml, of distilled water, This solution was
~ filtered through a Seitz filter and 2 ml, added to & ml,
~ of sterile distilled water, 0,1 ml, of this dilution was
. added to 10 ml, medium,
#% Thioglycolic acid solution was prepared by adding 0.2 ml
’encd thioglycolic acid to 100 ml. sterile distilled watex
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~ The constituents per ml, of medium are shown in Medium III,

Medium III

Acid Hydrolysate of Eastman ‘
de-ashed gelatin..... . 1 mg, N

d (+) glutamic acid............. . 100 micrograums

1 Cystine.....ceevneoeneeessceasss 25 mlcerograms

‘mgpou.dooocvcnooocoto-oo..oooco-o 5mgs ‘

Ca pentothenate,................. 1 microgram
Nicotinic @cld,......e000vesee.es 10 micrograms
' Bilotin concentrate (Lederle)..... 0.002 microgram
o Choline chloride,....c.coveveennes 5 micrograms
e Added after autoclaving: Y
L BlUCOBE, ... cctcerrcscsnssacanses D IES,
Mg80)y.7H;0. ........ RS .. 1 mg,

Thioglycolic acid................ & micrograms
RibOfl&Vin...¢......-.o...-_-‘.__._..‘q . 0.1 micmgrams

The inoculum was also prepared in a different way.
i'The stock culture was carried,on veal phosphate infusion
| S broth without any enridhment For the inoculum 0,2 ml, of

the stock culture was subcultured in veal phosphate medium

enriched with 0.25 per cent glucose and incubated 6 hours.
Five mls, of this subculture were centrifuged, washed and

- resuspended in the same volume of gterile basal medlum,
‘, 0,1 ml, of this suspension was used to inoculate 10 ml, of
 mediunm, | o | | _
| With Medium III and this inoculum & turbidimeter

reading of around 65 was obtained after 48 hours 1ncubation

"~ with choline and a reading of 10 (the same as that given with

distilled water) without choline,

Growth in this semi-synthetlc medium was far inferior

fﬁf,tgsgrowth.iﬂ the veal phosggate infusion broth. Consequently,
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‘& detailed qualitative and quantitative study of the con-

stituents of this medlium was undertaken,

Qualitative studies of Medium III,
The protein hydrolysate was the first constituent

'-\_ sanected to analysis, In these .experiments the methods

were essentially the\same. A bagal mixture consisting of

1 cystine,.............. 25 mgs,
d (+) glutamic acid......l00 mgs.
mepou_o--~;.ooucoo-occoo 5 gmso
Digtd, water to make.... 800 ml.

pH anusted to 7.8
"was prepared and used over a period of four to six days. The

o protein hydrolysates were added to small portions of this

basal mixture Just before testing and the pH readjusted to
7.8. The érowth factors were added before autoclaving in
‘ ‘the same concentrations’as Medium III and the glucose, Mg80),
~ thioglycolic acid and fiboflavin added after autoclaving.
A vitamin free casein hydrolysate was prepared in
‘the seme way as the gelatin hydrolysate (Pappenheimer's
| method) and the growth obtained with these two hydrolysétes
‘was compared, Table 1,
: Table 1

Comparison of Growth Obtained with Gelatin and
Cagein Acid Hydrolysates; ,

Turbidimeter Readings

s : M’ \ Mo
= ’Gelatin Hydrolysate + choline 30 52
“',: . - choline 10 15
3ﬁase1n Hydrolysate + choline s} 100
, .= choline 12 17
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' The vitamin free casein hydrolyéate supported better growth
vﬁif:;pan the gelatin and gave as low a blank without added
'qholine.
 }} As hag been described above the mixture of cystine,
KHEPOuand glutamic acld was sufflcient for eeveral experi-
'“' ments and was kept as long as a week 1n the refrigerator,
'[A comparison of the results of many experiments indicated
S that the most consistently rapild growﬁh was obtained with a
~Vbasa1 medium in which the hydrolysate had been added to the
~ basal mixture on the same day that the latter was prepared,
 ~:Ty§1ca1 results are given in Table 2,
| Table 2

Effect of Freshly Prepared Basal Mixture in
Decreasing the Lag Phase

' Date ~ Date ' Date Turbidimeter Readings
‘Basal Mixture Hydrolysate added i ‘ » ,
Prepared to Basal Mixture of test 16 hrs, 24 ks,
7-23 7-23 7-23 35 kg
7-20 . 7-20 7-23 19 39

Another time factor was involved in the observa-
'tion that the lag perlod was shortened when the caseln hydrol- .

'ysate and the basal mixture were combined at least twenty-

four hours before the growth test was run, This ageing

effect is illustrated in Table 3,
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Table 3

The Effect on Initiation of Growth of Aged Basai
Medium

4

Turbidimeter Readings
16 hrs, 4o hrg,

gBasal Medium prepared and tested :
the same day 10 4o

4jVi f; The game bassel medium tested the
: rollowing day , T4 117

This acceleration of growth with the aging of the
basal medium seemed to suggest the neutralization or antagon-
1sm of some 1nh1bitory constituent of the hydrolysate by the

- ‘ ?yst1ne, glutamic aecid, KHEPOu or the slightly alkaline pH,
 ;  ;T6“1nvest1gate this latter poés;bility.a part of the acid
. caseln hydrolysate was neutralizea,to_pﬂ 7.6-7.8 with NaOH
"V‘; and allowed to stand 2% hrs. before adding the cystine,
| glutamic acid and phosphate, At the same time the acid
,,m,,hyarblysate was combined with the three other constituents of

-  the basal medium, the pH adjusted to 7.8 and the resulting
. solution was allowed to stand ol hrs, before testing. Table h
w compares the growth producedxby these two different basal
‘<jﬁéd1a.
| ‘Table U4
Effect of Neutralizing the Acid Hydrolysate

S e Turbidimeter Réading'a
T . - 15 hre. 27 hrg,
- Acid Hyd. + basal mixture ’ |
24 hre, before testing 50 76

- Neutralized Hyd, + basal mixture
.1 hr, before testing 10 20
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That the pH was not the contributing’factor in
this aging process was also brought out in later experiments
~ with cystine. In tﬁése experiments the basal medium contain-
 ffad the caseln hydrolysate, glutamic acid and phosphate but
J f‘ no eygine, Thé rate and extent of growth was the same on
"the day the bassl medium was prepared as it was four days
. after,
_ The_effect of cystine on the_caseln;hydrolysate or
‘iéerhaps vice versa was éhown in this same experlment and 1is
 1llustrated in Table 5, |
o | Table 5
Effect of Cystine on Casein Hydrolysate

Turbidimeter Readings
12 hrs, 18 hrg,

5 1 - Basal Medium with cystine prepared

9 days before testing 69 103
H'2 - Bagal Medium without cystine pre- o
' pared Ut days before testing 47 66

~ Oystine added to basal Medium (2) 1 hr, o
B , before testing - : 56 90
""fff  Cystine added to basal Medium (2) 24 hrs, o ‘
S before testing } 63 4 95

t'lbﬁlthough the difference is not great it 1s seen that & more
‘ﬁiilrapid growth was obtained when the eyatine and hydrolysate
xt;were in. solution together at least 24 hra, ,

L : | The possibility of obtaining a gydrolyséte which
" "fff'wbu1d not require this aging led to experiments with different
T§f _§reparat1ons of caséln hydrolysate, In thls laboratory a
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ceseln hydrolysate prepared according to Mneller's method
'“; ;had been used successfully in promoting growth of C1,
: Wélchii (53)., This differed from Pappenheimer's method in

U“m th&t the excess chloride was removed with PbO; the Pb sub-
S sequently removed with BaS and the excess with'Hason.
| , Half df a vitamin free eqsein hydrochloric acid
\'hydrolysate was prepared accordingyzb,Pappenheimer?e method
'gnd_half according to Mueller's method, In view of the
“?écognized importence of iron in bacterial nutrition (54),
;f'%his element was removed from portions of the two hydrolysates
X by repeated treatments with KHoPOy, and 05012.
_ Basgal medium was prepared wilth each one of thesge
G hydrolysate preparations in a guantity sufficient”to provide
o 0,5 mg; N per ml, medium, ‘At the same time a basal medium
‘ ';‘cpntaining_casamino Acids (Difco) wag prepared, The media
'; l vere tested the same day that they were prepared and again
three days later, The growth produced by these hydrolyssates
is compared 1in Table 6.n
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Table §

Comparison of Casein HydrolysatemPreparations

_ Turbidimeter Readings
First Day Three Days Later
12 hrs, 18 hrs, 12 hrs, 18 hrs,

ﬁ' Charcoal treated acild | '
: hyd, + choline 57 &3 60 9k

i .~ Charcoal treated acid

o hyd, - choline 13 17 1L 17
Charcoal treated neutral ' -
- nyd, - iron 53 72 57 91
. Lead treated hydrolysate 52 72 55 : 85
Lead treated hyd, - iron 53 68 58 92

" .Casamino acids + choline KL ‘80

'0, Gasam1no acids - choline 3 32

It 1s seen from Table 6 that the removal of iron
»’-.er excess chloride dld not effect the aging process or

vw’f]vimprove the rate or extent of growth, The casamino acids

' provided no faster growth and gave a high blank without

added choline. . No improvement was found over the charcoal

: ;treated-hydrolysate,h Experiments with a SMACO caégin hydrol-
yeate also gave improved growth on standing, Other experi-
f‘ments in which the basal médlum was treated with KH,POy and
, ’:jGaG12 to remove iron, failed to show any change in rate or
"f_éxtent of growth, Further study of the aging process must
: ﬁait until the amino acid requirements of'this organism are

: gfdetermined.

Experiments with the Mg8Oyindlcated that the con-

ntration used (1 mg. per ml, medium) wae too ﬁigh: See
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Teble 7
- Effect of Mg80) Concentration
Turbidimeter Readings

' HgSOu added to tubes after autoclaving ¥5 hra, 62 hra,
‘ 1 mg, per ml, medium 10 10
0.5 mg, per ml, medium 23 50

| By lowering the concentration to,o.ﬁ mng. MgSOu.?HEO per ml,
: medium, it was possible to add the Mg80y to the basal medium

'and still retain a clear medium after sutoclaving,

s Table & o v
Effect of the Addition of Mg80), to Medium,Before Autoclaving,

Turbidimeter Readings
18 hrs, 26 hre,

- 0.5 mg, MgS0) added before sutoclaving 53 "
0.5 mg, Mg8Oy added after autoclaving 45 &

Thege changes in the preparation of,thé basal medium
mey be summarized in the following descrlption., The cystine
"f,(25 mg.) was diesolved in the acid vitamin-free caseln hydrol-

"7ﬁ’fysate (700 mg. N) by heating gently, About 500 ml. of dis-
“";tilled water was added to this mixture before adding the
 glutamic acid (100 mg.), KH POy (5 gms,) and MgSOuH(O,ng.).

‘j kahe volume was made up to 800 ml;ﬂwithmdistilled’water and
“”fg*}vthe PH adjusted to 7.8 with concentrated NaOH, The neutralized
&  w,iso1ut1on was heated to boiling and filtered thfough filter

,fpgﬁer while hot, This basal medium was prepared at least
two days before using,
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These changes in the preparaticn of the basal
medium increased the growth and shortened the lag period,
~ but the addition of riboflavin, thioglycollic acid and

glucose after autoclaving was much too cumbersome for assay

"purposes.
The addition of Riboflavin did not have any appar-
ent effect on the rate or extent of growth in the concen-

“trations tried, so it waskdropped from the medium, The

;vzjibofla‘fin solution in 0,02 N acetic acid was autoclaved

“aeparately and added to the sterile medium,

~ Teble 9
The Effect of Riboflavin

Riboflavin Turbidimeter Readings
microgram/ml, medium 12 hrs, 14 hrs.
0 o™ 122
0.1 73 119
1 74 118

5 o -3 109

( . Dr, Rane (40) had found 1t possible to replacé
""  thioglycolic acld wiﬁh ascorbic acid (100 miecrograms per ml.
v‘b;,medium) and glutathione (0.1 microgram per ml,) adding both
'f£o the medium before autoclaving, The results in Table 10
econfirm this finding,
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Table 10

~ Effect of Replacing Thioglycolic Acid by Ascorbic Acid
| ~ and Glutathione :

Turbidimeter Beadings
17 hrs. 24 nrs,

Thioglycolic acld added after ,
autoclaving, 21 b1

= ~Ascorblic acid and glutathione

added before auto-
claving 24 Lg

": 9ther_experiments showed that the glutathione was not

- necessary,

| Table 11 , o
Effect of Glutathione in the Presence of AScorbic Acia,
Tuﬁbidimeter Readings

. on 1oo 63 92
0.1 200 63 93
0.1 300 65 98
0 100 67 98
0 200 67 99
0 300 67 105

8inece the addition of glutathione to the medlum did not pro-
duce any epparent beneficial effect 1t was not included,
The only substance remalning to be added after

: autoclaving was glucose, Repeated experiments indicated that
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growth in the medium to which the glucose was added before
”autoclaving did not equal that to which the glucose had been

~ added after autoclaving,

Table 12 | o
Effect of The Addition of Glucose Before and Apter Autoclaving,

Turbidimeter Readings
12 hrs, 18 hrs,

5 mg,/ ml. glucose added before " )
autoclaving 63 g9

% mg,/ ml. glucose added after ' :
autoclaving 67 106

5 mg,/ ml, glucose added before and
after autoclaving 61 &7

' Part of the glucose was probably altered when autoclaved at
this slightly alkaline pH, That the lower growth may have
'been due to the formation of inhibitory products rather than

to the reduction in the concentration of utilizable glucose
wag indicated by the lower growth in the tubes which re-
celved glucose before and after autoclaving, For assay pur-

poses, the additlon of glucose to the_medium_before auto-

"claving would be quite a time saver as well as 1nsur1ngv
~more uniform results, However, while the optimum concen-
'Htrations and congtituents of the medium were being worked
}out it was thought best to avoid adding any further unknown
{.f&ctors. Separate sterilization of the glucose was

continued but instead of adding 0.1 ml. of a 50 per cent
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~ solution of glucose, 0,2 ml, of a 25 per cent solution was
\viwadded to each tube., Even then extreme care was necesgsary to
uObtain 8 homogeneous mixture, The best results were obtained

“"}7by rotating the tubes with a circular movement from the

'” ‘gwr1st
| i These qualitative changes are 1ncorporéted in
 9;Medium Iv.
'  ¥Méd1gm'IV.
o Basal Medium
Vitamin free casein hydrolysat§‘ 700 mgs, N
1 cystine , - 25 mgs.
1 (+) glutamic acid 100 mgs,
KH2P0u \ - 5 gms,
- Mg80y,, THO0 500 mgs.,
Distilled water to make 800 ml,

pH adjusted to 7.8, heated to bolling, filtered and
: stored in refrigerator two days before using,

Te & ml, portions of the basal medium were added the following

w«»subgt&nces.
A Caelcium pantothenate 1.0 microgré.ms/ml. med ium
Nicotinic acid 10.0 " LI
Blotin (concentrate) 0.002 " oo
Choline chloride 5.0 " " "
Ascorblc acid 300, R T
Glucose (after auto- 5.0 mg, /ml. medium
claving) ' '

C
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With this medium growth approadhing that in veal

: “j- phosphate broth in both time and extent was obtained, but the
‘?f flag period with the gemi-synthetic medium was still three to
‘   *fbur hours longer than in the veal phoséhate broth. During

7fthe development of the medium many different substances were

‘jg;added in an effort to f£ind some faetors which would increase
f t1the rate of growth and decrease the lag period, Also for
’iassay purposes it was necessary‘to incorporaté as far as
: ”'fpossible all growth stimulatory substances which might occur
¥ t1n the test materials,

In order to put the results of the study of these

fki;growth accelerating factors on & comparable basis the ratio
© times 100 of the turbidity with and without the added sub-

\5<;stance has been computed, Therefore a value of 100 indicates

ﬂ‘;fno effect, a value greater than 100 indicates an accelerating
' 7 f¢feffect and a value of less than 100 1ndicates an inhibitory
:f; effect Values differing by + 2 are within experimental

‘ﬁ”*7?5:error Different experiments are separated by a space. All

‘u; 1eompounds were added to the medium before autoclaving unless.
; ;]fatherwise indicated, 8ee Table 13 for a summary of the effects

’  i9f;these compounds,
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Table 13

Turbidimeter
Readings
12 hrs. 18 hrs,
104 104
105 106
10l 97
&6 103
99 101
96 99
100 100
102 100
103 104
94 101
88 96
&3 91
100 107
99 105

99 104
99 99
97 97

98

102

90

; 103

: 107
97 97
100 99

100 105
101 10
101 10

101 105

102 106

| a Added after autoclaving

Neme of Compound
micrograms/ml,
- medium

Folic acig**
0.002
0.004
0.012.
0.016

Glucosamine

L 2

5.0
110.0
-15.0
100

2,0
10.0
- 20.0

Glutémine
250
500

50
100
150
200 -
250
300 -
350

0
450
500

Glutathione
0.1
0.5
1.0

- 0.5 (¢.B.)
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The Effect of Known Growth Accelerator Substandes

Turbidimeter
Reading
_2“12 hrs., 18 hrs.
9k 90
96 ol
95 92
93 86

91

15

£

v g3

93 92

106 100

97 102

99 102

118 121

118 12k

110

112

112

11k

115

107

11

105

110

o 120

96 110

101 112

103 11k

101 110

100 101

91 &6

86 74
a8 99

Inhibition shown
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Teble 13 (Continued)

Name of Compound Turbidimetef_ Neme of Compound  Turbidimeter

~ mierograms/ml, Readings micrograms/ml, Readings
medilum 12 hrg, 18 hrs. | . medium - 12 hrs, 18 hrs,
. - Guanosine ’ ' Phthiocol% ' o
R 0.2 85 103 , 1.0 ’ 86 100
i o e 1.0 90 95 5.0 57 105
N 2.0 108 98 10.0 23 30
- Inosotol ‘ 0.4 95 97
e 1.0 25 | 1.2 97 97
e i 5.0 94 2.0 101l 101
s 10.0 91 3.0 97 98
100 90 ,
| : 1.0 (C.B.) g3 97
0.01 102 101
0.1 100 100 Pyridoxine
S , 2.5 99 102
. Methionine - 5.0 99 102
' 5.0 100 25,0 97 101
10.0 91 s g "
100 96 |Sarcosine
- Nicotinamide 5.0 ‘ 10
. 5,0 99 98 10.0 il 96
10.0 101 100 , |
20,0 100 98 |Thiamine ‘
et 0.25 : 98 107
. Pars-sminobenzoic 0.5 104 106
~ acid 0.5 (A) 106 105
1.0 95 - 1.0 103 105
- 5.0 98 |
- 10.0 ol 0.5 100 108
100 95 - 4
, Tryptophane : -
0.01 96 100 0.2 92 93
| 0.1 102 99 10.0 6 96
e e _ . 20,0 102 99
~ Pimelic acld
R 0.004 100 99
0.0k 95 100
0.4 98 106
4.0 98 107

- % Phthiocol (Endo Products) 2 mg, 2-methyl-1,Y4-naphthoquinone
~ plus 2,66 mg, sodlum bisulfite per ml, stock solution,
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Table 1% (Continued)
 Name of Compound Turbidimeter

micrograms/ml, Readings
- medium 12 hre, 18 hrs,
v:Uracil
= 2,0 102 110
5.0 102 107
10.0 101 104
20.0 101 103
50.0 101 103
5.0 (C.B.) 95 102
- Urea .
' 0.5 98 101
1.0 97 9
5.0 97 9
10.0 99 99

There was a glight. indicatlon of acceleration of

'734V*growth with creatine, glutamine, thiamine and uracil; so

 i{  these gubstances were added to the medium. But in genersl
axthe results presented in Table 13 showed that the addition
T' cf these compounds to this semi-synthetic medium in the

concentrations given did not accelerate the growth or decrease
’1 Lthe lag period to any measurable extent Perheps their
‘ . effect was masked by some limiting factor of the medium,

A‘ ﬁIn the study of accessory. growth substances, the conditions
‘>51n which they produce & favorable action may be dependent
kaqgt‘only upon the limited eoncentration of. the substance
,self but also upon the presence and quantity of the other
~med1um congtlituents, Before any conclusions can be drawn

:  about acéelerating growth factors for this Pneumococcus,

'” pepeated‘tests must be made with a wider range of concentra-
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" tions and with a medium in which the casein hydrolysate 13
1jpvrep1aced with amino acids,

 Medlum V
o Medium IV plus creatine, glutamine, uracil and.

_thiamine in the following concentrations

creatin 6 micrograms/ml e dium
glutamine 150

uracil 5 " " "
thiamine 0.5 " " "

& has been designated as Medium V for the sake of reference
";fBaoterial and quantitative studies were conducted on this
“»iﬂjmeaium

*f} ;annt 1tative Studies of Medium V

It seemed safe to conclude from the amount and rate

' Q{ of growth obtalned with Medium V that all the eggential growth

~factors were present, A preliminary determination of the
*"féptimum concentratlon of each constituent has béen made as
";:the medlum was evolved, In view of the changes made, some
J,,jsubstances added and some reﬁoved, a detailed quantitative
: Viétuay of the medium was in order,
"1455; casein Hydrolysate.

To determine the Optimum concentration of the casein

”,hydrolysate varying amounta of the hydrolyaate were added to
Wa:mixture of cystine, glutamic aciqd, KHEPOu and Mg 804 in
,;fduplicate tubes, the volume made up to six ml.,, the pH
‘fadjusted to 7.8 and the tubes heated in the autoclave at

v gf;ve pounds pressure for five minutes, The tubes were then
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i stored in the refrigerator for two days, At the end of this
:’; ﬁ1me the growth factors and ascorblc acld were added in the
’ uSual manner and the total wvolume made up to 9,7 ml, with
~:;*§;st111ed water before autoclaving., The results of the

experiment are given in Table 14,

Table 14
'Optimum Concentration of the Vitamlin Free Casein Hydrolysate.

Mgs N/ml, medium Turbidimeter Readings
| iz hrs. 18 hrs,
0.31. 69 100
0.47 70 106
0.66 - 65 99
0.78 66 88
0.9% 60 74
1,09 61 63

~ As seen from the results in Teble 14 the concentration was
. not oriticel but there was a definite trend toward inhibi-
“ 't1on in the higher eoncentrations. EXperiments with two
*1 / 61fferent hydrolysate preparations indicated an ogtimum
"fv ébncentration around 0.5 mg, nitrogen per ml, mediﬁﬁ. An
'«  éssay carried out with a SMACO hydfolysate of vitamin free
~easein pointed to adightly higher optimum concentration.
" 'See Table 15,
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Table 15
Optimum Concentration of SMACO hydrolysate of Casein
Mge, N/ml, medium Turbldimeter Readings
0.1 . BT 78
0.2 56 76
0.3 58 g2
ok 62 &7
0.5 | 62 -89
0.6 65 &g
o';.7 60 97
0.8 60 97
1.0 .58 97

~7 In subsequent experiments the casein hydrolysate was present
jc  ,in a concentration of 0,5 mgs., nitrogen per ml, medium,
‘:'?TQEGYStlne. |
| In the same experiment described above in which the
“Vihydrolysate was varled, tubes contalning varying quantities
“ifof cystine were also set up. The resulting growth is shown

7 *f,1n table 16,

Table 16
Effect of Cystine
Micrograms Cystine Turbidimeter Readings

per ml, medium 13 hrs, 18 hbs.
12 65 90
19 65 97
25 | 65 99
31 . 65 99
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 This relatively small difference in growth obtalned over a

wide range of cystine concentratlon was subetantiated by

“results of another experiment in which the basal madium |

 w1thout cystine was prepared four deys before the growth '

test was run, Varilous concentrations of cystine were added

to portions'of 8 ml. of the basal medlum and the pH re-

adjusted to 7.8 before the growth factors and ascorbic acld

were added,

0 N
10,0
15.0
20.0
25.0
30.0
4o.0
50.0
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Table 17

Micrograms Cystine
per ml, medium

Effect of Gystinq 

Turbidimeter Re
12 hrs,

53
5k
61
&

61_

60
59
57

adings

!
7
&7
93
90

90

86
78

.4

Frpm this experiment 1t is seen that growth was
supported by thls medium without _th.‘e‘adc_}.:}ti‘oxuxf}of',oyetine,
V?ﬁﬁt the rate and extent of growth was much improved by the

_addition of 20-25 Qierograms‘cystlne per ml, medium, The

' amouht of cystine confributed by the casein hydrolysate,




46

l»as calculated from the cystine content of caséin (p5), is
”ZabOut 2 micrograms per ml, medlum, This does not include
"vény lose of cystline in the process of meking the casein
 v1tam1n,frée or in pfeparing the acid hydrolysate., Until
,the amino acid requirement of this ofganism is determined,
‘ dne cannbt-plaoe bystine among the essential substances
;_‘required for growth. o
In the'study of the sulfur requirements of bacteria
 1ﬁ,has been found that cystine may function as & growth

~ promoter for at least three reasons (56, 57): (1) as a non-

specific source of organic sulfur, (2) as a source of the

”».f”éS-s-linkage, (3) as an essential amino acid needed to

’fhform cell constituents, In animal diets methionine can

- peplace cystine. By demethylation the methlonine is convert-

 ed to homocysteine which can in turn be oxidized to homo-
~_oystine ans asg such can replace'cystine.

To test the speecificity of cystine as a growth

‘  ‘&¢091erator for this organism different sulfur compounds

~were tried, and the results presented in Table 18,
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Table 18
L Effect of sulfur Compounds Other than Cystine.
' Hf ' isa1fur Micrograms Turbidimeter Readings

_ Compound  per ml, medium 12 hrs, 18 hrs. 24 hrs,
. Cystine 0 36 4 68
e 20 57 72 113
j?[;  Cystédne 10 hg 56 110
s 20 57 70 110
38 57 1 11k
- ) 55 9 . 113
' Methlonine 1 36 43 6l
- Metnton 2 36 p é3
e , 50 37 L f§§
~ Homocysteline 15 37 hg 78
A
. 50 38 b 78

 Glutathi o 6 67 11

lutathione 20 24 6; 10%
90 54 60 105
i O 120 53 60 103
2 - Thioglycolate 5 _ 9 by 75
13 i I3
20 39 55 &7

From the results in Table 18 1t 1is seen that
- cysteine and glutathione can replaéé cystine but methionine,
yuihOchysteinqygnd thioglycolate 1n the concentrations used
Gahnot replace c&stine. This suggests that cystine may

~ funetion as an eseentlsl amino acid,

'N g §;utam1c acid | “ o
el The effect of added glutamic acld was tried again
~ and again. There appeared to be no difference in growth

'wheplit was added or left out of the medium, Table 19 shows
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the effect of adding different concentrations,

Table 19
Effect of Added Glutamic Acid

Glutamic Acid Turbidimeter Readings
micrograms/ml.
medium, 11 hrg, 18 hrs.
0 67 112
25 68 112
50 68 111
75 68 113
100 67 109
125 \ 6l 108
150 65 | 107

The effect of added glutamic acld was also tested with
crystalline blotin but there was still no positive evidencé
~~that it exérts a benefliclal effect, The glutamic acid re-
quirememt 1s probably satisfied by the casein hydrolysate,
:*‘ gince according to Mathews (56) 21,7 per cent of casein is
Hglutamlc acld in contrast to 5.8 per cent in gelatin,

 Magnesium Sulfate |

It has previously been ahown that better growth
.  ;reau1ted when the concentration cf Mg$04 7H20 was dropped
'J?fllfrom 1.0 mg, to o 5 mg. per ml of medium, A more detalled
J °5Tstudy,of the magnesium sulfate requiremgnt\ﬂhowed that it

:was essential for growth but the concentration required was

not eritical,
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Table 20
Effect of Magnesium Sulfate

Mg80y.7H,0 Turbidimeter Readings
© mgs, /ml n8dium 13 hrs, ' 19 hrs,
0 - 13 13
0.2 53 4
0.4 - 53 g0
0.5 54 83
0.6 Bl 75

0.7 55 73

~ Potassium Acid Phosphate

The optimum concentration of potassium acid phos-
phate was studied and found to be the same as that used by
Rane, 5 mg./ml, medium,

Table 21
Effect of Potagsium Acid Phosphate

KHoPO), Turbidimeter Readings
mgs, /ml, medium lg_ggg 19 hrs.

2.0 ho 57

3.0 45 68

k.0 49 S (¢

5.0 53 73

6.0 5% 63

7.0 ,‘ 55 - 62

?Sxperiments with sodium-g-glycerophogphate indicated that
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- it could not replace KHEPOA but could be substituted for
54;  part of the KH2?Ou.
Table 22
Effect of Sodium-s-glycerophosphate

‘Kﬁsioh Sodium-pg-glycerophosphate Turbidimeter Readings
Mgs, /i1, medium ‘mgs, /ml, medium 12 hrs, 19 hrs.

5.0 o 0 53 12

0 ' 5.0 35 5

2.0 1,0 4o 62

3.0 0 b5 68

2.0 2.0 b8 73

4,0 0 o 70

2.0

3.0 4 71

Using 0.5 mg. Mg80).7H,0 and 5.0 mg KH,PO, per

ml, of medium the total molar concentretion of the inorganie

- salts including the NaCl of the hydrolysate was about 0,05,
 well within the limit of 0.1 molar determined by Dernby and
e ‘Aver'y(29)

'  .~ Traces of Cu, Zn, Th, Ca, and Mn added to the
‘medium produced no change in rate of growth or length of
fi:,lag period. The effect of the removal of ;ron has already

‘fbeen mentioned in the experiments with the caéein hydroly-

. sates. Undoubtedly there were traces of different metals

‘?Qpresent in the medium and & more detailed study of those
metals and their coneentratlons might be profitable in
'Shortening the lag period,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Hydrogen Ion Concentration of the Basal Medium,

51

Preliminary experiments as well as experiencevof

other workers with more complex medla indicated the opti=-

mum initial pH for Pneumococcus to be around 7.8 (29).

The pH of eliquot portions of the basal medium

“ﬁ ‘:¢"was adJusted at 0.2 Iintervals In d,r&nge of 6.8-8.0. The

hydrogen ion concentration was measured electrometrically

and triplicate tubes were run for each pH, The effect of

the pH on rate and extent of growth 1s shown in Table 23,

Table 23

Effect of pH of the Basal Medium

fﬂ?fff7ﬂjl5 v ' pH of Basal Medium

6.8

7.0
7.2

7.4

7.6
7.8
8.0

Turbidimeter

12 hrs, :
35 5k
hh 76
50 gh
55 gl
62 88
61 gl
57

72

‘Readings

24 hrs.
76
89

1ok

112
127
128
126

‘A pH of 7.6-7.8 seems to be optimum for all periods at

 wh1ch the growth was measured, In view éf_the relative

; 1nstabi11ty of most,g?owth“faetorsidn the alkaline side
_ of 7 and the fact thet this pH optimum holds true for the
~ more complex medla, 1t would seem that the hydrogen ion

" eoncentration has a direct action on the initisl growth
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of this organism rather than an indirect action through

~ the constituents of the medium,

Agcorbic Acid _
Table 24 shows the rather wide limits of ascorbic

acid optimel concentrations,

Table 24
Effect of Ascorbiec Acid

Ascorbic Acid Turbidimeter

Mierograms per Readings
ml. medium 1l hrs. 1€ hrs.

0 1 12

100 57 gl

150 57 84

200 60 g9

250 61 g

300 63 92

350 63 87

400 63 &9

‘ 1;:Severa1 agcorbic acid‘titrations seemed to point to a

g possible optimum at 300 micrograms per ml, medium. The
",exact optimum oxidation potential for this medium has not

| yet been deterﬁined; but experiments by Dubos (36) indicate

: fjﬁhgt-pneumooocci cén multiply onlyfin—a medium in which the
,,Bkidatien potentlal is below a oritical léveleo~é‘—0.0H6 v.
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8t a pH of 7.4, A study of the optimal oxidation reduction
potential of this medium would probably aid in the reduction

~of the lag period,

Glucose ‘
Avery and Cullen (32) found that more than 0.4%
carbohydrate must'be‘present to reach maximum acidity of
‘pH 5.0.. That this minimal carbohydrate concentration holds
tfue for growth in the semi-synthetic medium 1is shown in
Table: 25, A 25% glucose solution was auto¢1aved 15 minutes
- at 10 1lbs, pressure and added_to‘the gxerile medium in the

concentrations noted, The effect of addihgvthe glucose to

the medium prior to sterilizatlion has been discussed,

Teble 25
_ Effect of Glucose R
Glucose Turbidimeter Readings

mgs, /ml, medium 12 hra, 18 hra,
0 12 | 12
0.6 16 | 17
1.2 25 28
3.1 k9 87
3.7 55 93
4.3 62 98
5.0 | B 98
6.2 58 95
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Biotin
Earlier experiments had shown that a Lederle
biotin eonceﬁfrate containing 21 micrograms of biotin pe%
‘;ml, could be replaced by crystalline bilotin, The concen-
Jtrate was used because 1t was more economlecal and more i
;éadily available, When thie supply of concentrate was
exhausted a SMACQO concentrate containing ZOO‘micrograms
'biotin per ml, was substituted. To obtain equivalent
| growth four times as much SMACO blotin was required as ,
ﬁ?ilfjli ~ Lederle biotin, When crystalline biotin was used to check
G : the blotin content of the SMACO concentrate no growth
_}fesulted, After comparing the medium used in the earlier
 experiment with orystalline blotin it .was' found that
;  ¥~ nicotiﬁic acld was the essential missing compound, While
‘ "‘ftlrusing the Lederle biotin concentrate the addition of nic-

‘° ’qt1n1¢ acid to’the medium produced no change in growth so
it was consldered unessentlial and dropped from the medium,
By adding 1t agein to the medium growth was obtained with
the crystalline blotin, That the concentfétes also contain-
'1":' ed paptothenic agid wae shown by a difference in growth
witho;f added pan%othenic acld with the crystalline blotin
“"u;ed in place of the‘biotin concentrate, Table 26 gives
’,some ldea of the nlcotinic and pantothenic acid content

~of the two blotin concentrates,
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Table 26

Nicotinic Acid and Pantothenic Acid Content in Two Bilotin
Concentrates

Lgderle Biotin Concentrate (21 mlcrograms blotin per ml.
concentrate),

~J i 1n Joncentrate Nicotinic A. Pantotheniic A, Turbidimeter
iR umgs ml, /ml, pmgs, added/ pmgs, addedf Readings

mediumﬁ‘ medium ml,medlum ml . medium 12 hrg, 18 hrs,
- 0.002 0.0001 0 1 ‘ 65 105
0.002 0.0001 8 1 63 100
~0.002 0.0001 16 1 66 103
10,002 0.0001 10 0 35 B
0.002 0.0001 10 0.03 63 109

 :V¥iiff8MAGQ biotin concentrate (200 micrograms bilotin per ml

concentrate) 18 hrs. 41 hrs,
0.002 0.00001 0 1 5 11

- 0.002 0.00001 0 0 12 12
‘]'?»chstalline biotin | o -
~ 0.001 0 1 lgi%gg"lgi%gg’
0.001 0.2 1 nom
0.001 1 0 13 13
0.001 1

0.2 T4 11k

 By‘compar1ng growth curvee obtained with the biotin eoncen=

”' trates and those obtained with varying concentrations of

nieotinic ‘acid and pantothenic aoid using erystalline biotin,

“* ”;t was possible to estlmate the nicotinic acid and panto-

_'thenic acid content of the concentrates. The Lederle blotin

’", concentrate contalned at least 2 mgs, nicotinie acid and

. about 200 micrograms of pantothenic acld per ml, concentrate,
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» i :The SMACO blotin concentrate contained sbout 2 mgs, nicotinic

|   tac1d and less than 125 micrograms pantothenic acid per ml
Jf‘eoncentrate. o | S

£ It is not probable that the biotin concentrates

fcontained any other growth factor eassential for this organ-

~1sm since the same rate and extent of growth was obtained
. with the orystalline blotin as with the blotin concentrates
4“?”Qwhen optimum concentrations of the growth factors were
: . present, No appreciable amount of choline was present in
:* .the concentrate since the growth without choline was the ,

. g:¢Bame‘when elither the crystalline biotin or blotin concentrate

| was used, In so far as timefpermitted experimente in which

”,thewbiotin concentrate had been used were repeated with
“‘ ; érystall1ne biotin., This experience wlth the blotin concen~
: ~trate emphaslzed agaln the 1mportance_o£ usingwas far as |

H"’!TpOSsible the purest chemicals for nutritionsl studles,

The minimum effective concentration of biotin was

””aetermined and the results are given in Table 27 and Graph I.

Table 27 |
Effect of Blotin

Micrograms Blotin Turbidimeter Readings

per ml, med;um 18 hrg.

0o 15

- 0.00002 30
0.0000k4 50
0.00008 gl
0,0002 103
o.ooog 116
0.000 11
10,0008 13!
0,001 115
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Graph I

Effest of Biotin on the Growth of a

Type I1II Pneumococcus
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Teble 27 (Continued)

Effect of Biotin
Micrograms Biotin Turbidimeter Readings

o T per ml, medium 12 hra, 1€ hra,
R 0.002 69 118
bt 0.00 71 117
Ry 0.00 yaN 113
0.00 66 112
0.00 ‘ %6 ) 126
0,007 , 2 1al
0.008 hg 106
0,009 0 106
0.01 18 100
0.1 g 100

‘ ‘Growth factors constant in all tubes: chbline chloride 5.0 ~
:y\gmgs./ml., nicotiniec acid 10 pmgs, /ml., clacium pantothenate i
- 0.5 umgs, /ml, _
_ Mexlmum growth was obtalned with as little as
0 0004 microgram and & change in growth was produced with

v‘f0,00002 microgram biotin_per_ml._of_medium, 8light inhibi-

'"ffﬁion of growth was observed in the 12 hour readings with
: _3;1 concentratlons greater than O, 005 micrograms per ml, medium,

"?{iThis exceedingly small effective coneentration 1s comparable

“uto that determined for brucella (58), rhizobium (59) and
 ifheme1yt1c streptococei (60). " S
The report of Du Vigneaud et al, (61) on the possible
Sl “pole of Pimelic acid was a precursor for biotin in certain .
fi    : ?J ‘Q1phther1a baecillus stimulated an interest in determining a
| '  a 3;fsimi1ar action in the Pneumococcus., There was no measurable
’V i£ﬁrb1d1ty when pimelic acid in concentrations from 0.002 to

ww3£0 5 micrograns per  ml. medium were substituted for bilotin

':fénd no additive effect whén added to suboptimal concentra-
*‘ ft1ons of blotin, Apparently this Pneumococcus is not able to
_synthesize biotin from pimelic acid,
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‘fjf‘ Nicotinic Acid

Ag has been mentioned inthe discussion of the
7:,‘biotin concentrates, nicotinic acid was thought fo be non-
;f7fw;essentia1 for the growth of this organism, That 1t was a
~[nécessary constituent ls shown in Table 28 where the effects

'~of,varying concentrations of nicotinlc acid from 0,01 to 25

“mierogram per ml, medium are given., 8ee also Graph II

Table 28
Effect of Nicotinic Acid

Nicotinic Aecid Turbidimeter Readings
micrograms per la__zg 18 hrs.
ml, medium ' ‘
0 15 17
0.01 25
0,02 b5 55
0.04 68 99
0.06 72 115
0.07 72 110
0,08 73 109
0.1 7 108
0.2 719 116
0.7 8 112
0.4 10 113
0.6 10 116
0.8 10 111
1.0 106 11k
5.0 106 108
10.0 108 117
15.0 104 115
25.0 98 ~ log

"VQstrowth factors constant in all tubes:’ erystalline biotin
0,001 pmg, /ml,, calelum pantothenate 0.5 umg,/ml,, choline
i chloride 5.0 umgﬂ./
| From the taeble one can see that the most rapld
;f“grbwth was obtained with & minimum concentration of 0.l micro-

 gram nicotinic acid per ml, medium, Maximum turbidity st the
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L i Graph II

; Effect of Nicotinic Acid on the Growth of a
; Type III Pneumococcus
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18 hour period was obtained with half that concentration,

’ f:“f;Th1s effect of subgptimal concentrations of nicotiniec acid
b,was also obgerved when the SMACO blotin concentrates were
‘ylazaaed with{np'added nicotinlie acld, The ssme maximum tur-
’w}ﬁVUbiaity was reached in %6 hrs. in contrast to 18 hrs, or
” 1388 when nicotinic acid was added, , , _
\ From Greph II 1t 1s seen that growth is a straight
: 1ihe function of the concentration of nicotinic acid from
0 to 0.04 micrograms per ml, medium., The plateau or dip
-  1n the curve from 0.05 to 0.1 mlcrograms has been obtained
'}{every time the nicotinic acld concentration was assayed,

- The concentration 1,0 microgram of nicotinic acid per ml

;_ iQf;:f ff:medium has been chosen as adequate but not excessive for
i " 51~ th1s organien,
k ‘ That nicotinamide can replace nilecotinic acid is
‘ﬂshnwn in Table 29,

Taeble 29 .
\:Comparison of Growth with Nicotinamide and Nicotinic Acid
 Nicotinamide Turbidimeter  Nicotinie Acid Turbidimeter

*+f;”ff: micrograms Readings micrograms per ‘Readings
'*  ‘per ml, medium 12 hrs.-18 hrs., ml. medium 12 hre.-18 hrg,
0.02 32 By 0.02 45 55
0.04 60 85 0.0k 68 99
1.0 90 1001 1.0 106 114
5.0 97 102 5.0 106 108

The growth with the nicotinamide appears a little slower
. when the same concentrations are compared. Even when an

excese of 5 mgs, per ml, medium is used there 1is a signif-
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>‘vicant difference in the turbidlty at the end of 12 hrs,

'7<ineubation.

f1;* Pantothen1c Acid |
- The titration of pantothenie acid showed a minimum
"§£efreotive concentration of 0.2 micrdgram per ml, medium,

. Bee Table 30 and Graph III,

Table 30
Effect of Pantothenlc Acid

Calcium Pantothenate Turbidimeter Readings
micrograms/ml,
medium ‘ 12 hre. 18 hrs,
0 14 13
0.005 13 18
0.01 : 2 32
0,03 Yo 66
0.05 58 98
0.08 62 105
0.1 68 100
0.3 71 105
0.5 72 99
0.8 5 105
1.0 9 102

'Gr0wth'factorsvconstant in all tubes: crystalline biotin
- 0,001 pumg,/ml, medium, nicotinic acid 10 umg,/ml.,
~ choline chloride 5.0 umgs./ml. o
 The slight inhibition suggested at the 12 hr, perlod with

v i; '1,0 microgram has been confirmed 1n,othef experiments in

 wh;ch the concentration was carried to 5 mlcrogrem per ml, -

;fﬁédium.
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Graph III

Effect of Pantothenic Acid on the Growth of a

Type III Pneumococcus
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Stiller et al, (62) showed thét the ?antqthenic
v   &o1d,mo1ecu1e is made up 6f ﬁealanine,and,arhydroxy-p,
’ 1‘3ﬁ}dimethyl-yhbutyrolactone. B~alanine alone would not
  §Q rep1ace pantothenic acid in this medium. Apparently this
1 ;,Pneumocoeeus is unable to synthesize the required pantofhenic
éffiaéidyfrom,ﬁ-alanine. This 1is in agreement with the findings
’n°g §f Rgne and Subbarow (24) that hydrolysis of the pantothentie
" ac1d prevented growth of strains of type I, II, V and VIII

- Pneumococcus, -

et ' Gholine | | |

fi | Choline titrations have been run manyvtimes with
:’the same optlmum concentration of 5,C micrograms per ml,
i :¢ed1um indicated. Typleal results are given in Table 31
 7i:!énd‘Graph IV, The curve in Graph V was obtained with an

 "5 inogulum prepared from a culture which had‘beeh subecul tured

””nylifwenty-four times in the semi-synthetic medium,
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Graph IV

Effect of Choline on the Growth of a

Type III Pneumococcus
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Graph V

Effect of Choline on the Growth of a Type IIT

Pneumococcus after 24 Subcultures
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Table 31
Effect of Choline -
Choline Chloride Turbidimeter Readings

micrograms/ml, ,
medium, 12 hrs, 18 hrs,
0 14 14
0.1 17 19
0.3 22 §7
0.5 27 2
0.7 32 4
1.0 38 2
2.0 50 59
3-0 73 63
4.5 10 108
5.0 106 119
6.0 10k 120
7.C 91 120
. 8.0 & 11
10,0 8 117
20.0 76 112
30.0 74 107

,GréWth factors constant in all tubes: Crystalline bilotin
- . 0,001 umg,/ml, medium, nicotinie acid 1.0 umg,/ml medium,
_ calcium pentothenate 0.5 umg./ml. |
o As has been previously mentioned, the ethanolamine
'  l'part of the choline molecule will support growth of this
organiem in the ébsence of choline, Table 32 shows the
 “*j~growth obtained when ethanolamine was substituted for
‘“L*;fgholine and when it was added to suboptimal concentrations

wffbf'choline.
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Teble 32

 Comparison of Growth with Choline and Ethanolamine

| Soline Ouoride Ethanlastne. Tumsidlmster  gnati
- medium per ml, medium 11 hrs.-18 hrs,

3 57 &l -

6 68 122 -
2.2 20 o '

hy 28 67 +

3 | LR 53 69 -

11 46 a8 +

3 15 58 93 -

22 51 10 +

| 33 51 100 +

6 | 33 58 103 -

o ol 92

55 Lo &9

A comparison of the turbldities after 11 hours

H:<» ’ incubatlon shows that the maximum turbidity obtained with
}}ffﬁ:é;hanolamine 1s not quite equal to that obtalned with
Ptﬁg °ho11ne. The most active concentration of ethanolamine 1is

‘  four to six tlmes that of choline eand on a molecular basis

f 7j{approx1mate1y ten times as much ethanolamine 1s required to

 ? vproduce an equlvalent amount and rate of;growth.
When ethanolamine was substltuted for choline the
 resulting growth appearéd grossly and microscOplcally

. aifferent. With choline the turbidity was diffused and
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distributed evenly and when obsgerved under the miecroscope
the organisms appeared as discrete diplococeci, no chain
 formation in young or old cultures, While with ethanolamine
the turbidity resembled that obtained with chollne except
when the cultures were swirled, there was a corresponding
ewirling of the turbidity. This effect was explained when
‘i ,'the cultures were examlned mlcroscoplcally and the organisms
'  ~: were found only in long chains of 30 or more diplococeci,
’  No single diplococcl have been observed., No chain formation
~ ~has been seen 1n medium containing both ethanolamine and
”f   choline, This difference 1n‘type of érowth mey soccount for
v””f-fthé lower measurable turbidity, |
| Morgan and Avery (63) have stated that actively -
‘ii_growing cultures were indicated by the length of the<ohain
- ~vwhen stained. Dr, L, H, Schmidt® has observed the forma-
" tion of long chains by this organism when grown in an
",unfavorable medium where the grﬁwth was slow and poor., That
the determining factor with ethanolamine was not the rate of
~ growth was shown by the almost equal turbidimeter readings
o ~after 11 hrs, incubation, |
» In connection with this chain formation it 1is
‘”f' interesting to note the_obSeffétign of_Okémoto (64) of
;‘characterlstid long chsin growth of bneumccocci grown on
blood agar piafes after the addition to the culture media

of choline, tetramethylammonium lodide, tetraethylammonium

~ * Pergonal Communication,
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vj'r iodide, hydrastinine hydrochloride cotarnine hydrochloride,
'”: d1ethy1am1noethano1 hydrochloride, triethanolamine hydro-
chloride or triethylamine hydrochloride,
A more detalled chemlcal ana immunological
8 study of thils phenomenon would undoubtedly yleld some in-

-teresting informatlon,

. Summary of Quantitative Studies,
In determining the minimum or optimum effectlve
concentrations of growth féctors, it‘is necessary to keep
‘1n mind the possible effect of the ratlo of the amounts of

one factor to another and to various ingredients of the

medium, The quantitative results obtained with this medium
might vary considerably if the concentrations of the varlous
‘basic ingredients were changed apprecilably, Thils fact must
’ ‘be kept in mind in working out the specific amino acid
'requirements. Until that time the medigm is not synthetic'
- and further,quant;tative studlies previous to the develop-
ment of‘this_synthetic medium seemed supebfluoﬁs.
Thé:fésﬁlts of the quantitative studlies may be
~summarized in Medium VI, A consistent rapid luxurient

‘growth was obtained with this medium,
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. Medium VI

Cagein acld hydrolysate 0.5 mgs.N per ml, medium

1 cystine 25,0 micrograms
KH, POy 5.0 . mgs8,
MgSOn.7H20 | 0.5 mgs,
Choline chloride 5.0 micrograms
Pantothenic acid | 1.0 .
Nicotinic acid 1.0 "

Biotin (crystalline) o.001 *
Thiamine | 0.5 "
Creatine 5.0 "

Uracil | v5.d "
Glutamine 150 “
Ascorbic acid | 300 "

Glucose 5 mgs,
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Bacteriologieal Studies
To test the completeness of this medium, the study
k““of varlious bacteriological aspects of growth in Medium V

" was undertaken,

" Inoeulum

8ince the 1noculum used throughout this work had

ibeen so large 1t was necessary to demonstrate that no growth

| factors were introduced through it, This hed partially

Vﬂ»f béen indicated by the slight growth resulting from the\omis-
”fv:l éion of any one of the essentlal growth factors, but further
i“ fproof was neoessary. This proof was offered by two different

”W'ex03riments. first, by successlve subcultures and second,

‘fff;by inoculating with only a few organisms,

Growth in successive subcultures in Medium V was

 ﬁ demcnstrated in the following way, The orliginal inoculunm
‘ f;was prepared as described in the methods and 0,1 ml, used to
 inoculate the first subculture 1in the semi-synthetic medium,

- After 12 hours incubation at 34°C, the first subculture was
h;fplaoed in the refrigerator for 12 hours, then 0,1 ml, was

T;gninoculated into the second subeulture, This procedure

v5f wag repeated through 40 subcultures after which it was no
f}longer convenient to continue 1it, After passing through
ﬁgforty subcultures the rate and extent of growth remained
 ‘“lthe same and the organism still retained its type specificity,

ffag_determinedey a positive Neufeld reaétion,
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To test the survival and multiplication of only a

“"4ffSW‘organisms in this medium, the 1noéulum, prepared in the

i gsﬁal manner, was dilluted serially in sterile basal medium

 and 0.1 ml, of each dilution was inoculated into three

 tubes contalning 10 ml, of Medium V. The higher dilutions

were plated out and the number of organisme in the inocula
f~gf§st1mated from the plate counts, Tufbid;ty measurements

| fwere made every hour up to 14 hours, every two hours up to

NVV 2n hours and then after 27, 45 and 50 hours incubation,

‘The hour at which maximum turbidity was observed is given

"“f;  ¢fA summary of the results is given in Table 33,

Table 33
‘ Effect of the 8ize of Inoculum
17Kﬁmber of Organisms  Hours of Incubation Maximum Turbid-
. inoculuated into to produce maximum its readings
10 ml, medium turbldity
| 20,000,000 18 ' 100
2,000,000 24 99
200,000 27 , lo02
20,000 s 102
2,000 hs  10h
200 45 1ok
20 45 101
2 50 102

o% ‘ - 50 101

‘*9Growth in two of the three tubes
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Stained smears from each tube showed pure
7 7 ;Z(su1tures of Pneumococecil, From this 1t was concluded that
~all the substances required for the growth of this organism
’“*f;¢Were4present in the medium and were not introduced by the
"‘ihoculum. Further evidence of the completeness of the
y ; 'med1um'was given by growth of the organisms on agaf plates
H"f‘prepared by adding 1.2 per cent of Bacto agar to Medium V,
‘  §001on1es appeared within 18 hours and were opaque and

~ ellipticel 1in shape,

. Viability

From a practical viewpoint it was 1nfereating to

afl}determine the viability of the orgenisms for any length
&:; '0$ time when grown and stored iﬁﬁthis medium, Tubes con-
’/*taining one-half the usual glﬁbose concentration were‘in-
éubated 12 hours at 37°C. and stored in the refrigerator,
f;_Sﬁbcultures from these stored cultures were made at weekly
intervals. Vieble, type speciflec organlisms were still
ﬁ‘present at the end of four weeks, By a more careful control
 fi§f the pH, age and exposure to atmospheric oxygen of the

"f ¢u1ture, the per;od of survivel could probably be extended,

 ;  Virulence

A complete medium for a pathogenic organism must

 &lso maintain the virulence. That the cultural medium has
i”7,mﬁ¢h to do with the maintenance of pneumococcal virulence

;fﬁas been demonstrated by Felton et al. (65). Consequently

§  . 1%t was of interest to determine the virulence after several
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successive transfers in this medium, »
Serial dillutions of a 12 hour culture which had

»'been subcultured twenty-three times in Medium V, were made

5 ;:1n sterile basal medium, Four mice were injected intra-
 peritoneally with 1 ml, of each dllution. The number of

it - organisms injected were determined by plate counts., Smears

f@ade from the heart blood of all animals that died showed

"?neumococcus when stained, The results are presented in

 Taple 34,

Table 3L

Lo

" Virulence of a Type III Pneumococcus after Twenty-Three Sub-
' cultures in & Semi-Synthetic Medium

o Dilution of Number of Organlsms Approximate Time af

~ Culture Injected Death in Hrs,
10-4 100,000 ok, 28, ¢l2, <42
1072 10,000 25, 27, 29, <ho.
10-6 - 1,000 29, (U2, <h2, <h2
107 100 42, <50, <50, <50
108 10 b2, ¢50%

% Had not died at the end of two weeks,

:  Unfortunately the dilution which contained one organism per

' m1¢ wes not injected into mieé but two out of four mice -
«receiving ten orgenisms dled, From th;s preliminary exper-

iment 1t may be concluded that the virulence wasg maintained

_  : after twenty-three subcultures in the semi-synthetic medium.
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~ . According to VWhite (25, p. 199) the average minimal lethal
: di1ut1on for all Type III strains is 2 to 100,000,000,
- Comparison of Growth in Medium V to that in Veal Phosphate
,Broth. ;
, Growth in the semi-synthetic medium compared
favorably with growth in veal phosphate infusion broth in
 ;&11 respects except one, The lag perlod in the.siﬁpler |
’3   medium was longer than in the complex veel broth, Thils was
‘j ibrbught out clearly when growth curves of the two different
H“5 nmed1a were compared, (Graphs VI and VII). Two different

 1inocula were used, one of 2,000,000 organisms per ml, and

"thhe other with 200,000 organisms per ml, of medium,
"T?iplicate tubes were run for eéch inoculum and turbidimeter
? feadings were teken every hour for 14 hours, then every two

v"‘  hburs for ten hours, The incubation was carried out at
" “ 3M°G. and the glﬁcose content of both media was 5 mg. per
- ml, of medium, The number of organisms in the inocula was
‘i‘éalculated from plate counts. At the end of two and three
" ?;;hburs 1hcubafion, gserial dllutlons with plate éounts were
‘  ff9made from a tube of gsemi-synthetlic medium, The culture

' before incubation contalned 1-2,000,000 organisms per ml,

;Ammthe end of two hours ineubation the population was
,Sén;OO0,000 and at the end of three hours incubation the
 population was 6-7,000,000, indlcating that during this

| period previous to the appearance of turbidity the organisms
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Graph VI

Comparison of Turbidity in Medium VI and
Veal Phosphate Broth
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Graph VII

Comparison of Turbidity in Medium VI and

Veal Phosphate Broth
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\were not dying.
This lag period may have been due to a number of
‘factors: unfavorable oxidation-reduction,potentiél, unfavor-
able concentration of organic or inorganic constituents of
”:the medium, absence of some growth acocelerating substance;
- or thé presence of some toxlc substance, Investigation of

~ these factors 1s planned,

‘ ,g§tgbo1;c Studies
For assay purposes, the possibility of using the
‘ g measurement of acld productlion as a measure of growth was
}“” f1nvest1gated. Titration of acidity has the desirable
: ”;ffédvantage of requiring no special equipment,
An experiment wasqplanned to compare acldity and
7 :"‘turbidity of cultures éontaining varyling amounts of choline,
’”" j  At the end of 12 hours the turbidity was measured by the
‘;, ;Turbid1ty Comparator and the acid produced was titrated
°3ydirect1y in the tubes with 0.1 N NaOH, using phenolphthalein
as 1ndicator, A gecond set of tubes was incubated 36 hours
}  and the turbldity and acldity then measured, The values
~ ghown in Table 35 and Graph VIII are averages of duplicate

: determinations,
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Graph VIII

Comparison. of Acidity and Turbidity after 36

Hours Incubation
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Table 35

Comparison of Turbidity and Acid Production of Cultures
Containing Various Concentrations of Choline

Micrograms Choline Turbidimeter mls, 0.1 N NaOH

ot = per ml, Medlunm Readings
b *22‘h

il = 0 12 1.26

0,1 13 1.4%0

0.5 19 2,0k

0.9 26 2.23

1.5 22 2.59

. i ik

e 3;% 4% %:60
 36nre,

0 15 2.50

0.3 22 2.96

0.7 35 3,48

1.0 1 3,62

2,0 72 3.98

ﬁ.o .19

.0 10 4. 23

5.0 107 4, 2%

Arter studying the rather unexpeoted resulta it
'~:,was seen that the titratable acidity was too small to use

'1 'tor‘assay purposes, The most outstanding fact was the
. difference of the slopes of the turbldity and acid production
curves, BSeveral explanations were\considered: (1) the cessa-
tibn of acld production due to lack of carbohydrate, (2) the
1 { métabo11sm of the acld end products by adaptive enzymes,
s ~(3) the increase in turbidity at the end of 36 hours not due
, ff§0'increase in the number of organisms,
Experiments were designed to study these different
 possibilities, Additional glueose was added to culture

© tubee but the totsl acidity remained the same,
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mgs, Glucose mls, 0.1 N NaOH
per ml, Medium
2.5 2,65
5 k.20
7.5 b, 20
10.0 k. 20

It had already been shown that meximum turbldity was ob-
ftained with as little as 3 mgs. glucose per ml. of medium;
~ but the acid formed had not been measured,
Friedemann (66) has found that the principal pro-
~ ducts under aercbic and anserobic conditions of Pneumococcus
:5, grown 24 hours at 37°C, in meat infusion medium enriched

~ with 1 per cent peptone, 0.7-1.& per cent NaH,POy,12 Hy0

o “and 1 per cent glucose were lactic acid, fofmic acid,
'w q   acet1c acid and éthyl alcohol, The lactic acid accounted
. for sbout &0 per cent of the glucose metabolized, When |
‘ ‘°°_‘lact1c acid and pyruvic acid were substituted forfglucose
! ; or were added with suboptimal concentrations of glucose no
effeet on turbidity or acid proauction was observed,
"3 'Ne1ther pyruvic aeid or lactic acid served as partial or
_complete ocarbohydrate source for this organism under the
‘,5 described experimental conditions, The addition of lactie
‘i?‘ (QaQ1d, formic acid, acetic acid and ethyl alcohol to the

l un1nocu1ated medium produced no apparent change,
Favorable evidence for the third theory was
f,   glven by reports in the literature of the relation of Pneumo-

coccus to.hydrogen ion concentration in complex cultural

.~ me@la (29). It is generally agreed that "the most important
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 W\f"bacter1c1da1 factor 1n the growth and death of the Pneumo-
~cooccus in fluid medle contalning 1 per cent glucose 1is the
 production of acid, At a pH of 5.1 or lower the Pneumo-

- eoccus does not survive longer\than a few hours," Does

 this also hold for Pneumococci grown in a semi-synthetic
' médium.
| An experiment was planned to compare turbidity,
 ‘gcid production and numbers of vlable organisms in a grow-
L ‘1ng culture, Forty tubes of medium V were set up, inocu-
lated in the usual menner and incubated at 37°C, At

hourly intervals two tubes were removed, the turbidity

"K 1 fmeaeured and 0,1 N NaOH added until the culture waes neutral

_torphenolphthalein. Plate counts were made after O, 6; 12

7?? « and 18 hours incubation, The results are given in Teble 36
‘"7i‘fand Graph IX, o |
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Graph IX

Comparison of Acidity and Turbidity During

the First Twenty-four Hours Incubation
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Table 36

Comparison of Turbidity, Acid Productlon and Number of
Viable Orgenisms Grown on Medium V

Hours Turbidimeter mls, 0,1 N NaOH Organisms per
Incubated Readings ' ml, of Medium
0 12 0.35 7,000,000
1.5 12 0.35 '
2.5 13 0.35
2.5 12 0.36
.5 12 0.36
5.75 15 0,64
6 16 0.65 200,000,000
1 16 0.73
8 19 1.09
9 28 1,52
10 68 3.15
11 68 3,46
12 173 3,62 épH = 5,1)1,000,000,000
18 107 3.80 (pH = 5.0)  100,000,000%
24 130 3,284 (pH = 5,0
ﬁﬁ 133 ,
131

:’: ¥ * No growth in any of the plates made at 18 hours, Lowest
= dilution plated was 10~
From Graph IX 1t appears that up to about 12
;“hours of incubation the turbidity and acid production curves
" were almost parsllel, but after this time the turbidity con-
nvtinued to increase at a different rate and the écld produc—
' t1on stopped. The number of viable organisms increased up
  f,to 12 hours, then decreased, To obtaln a clearer picture

:'“of‘the period between 12-18 hours incubation a more detéiled

_study was planned. In this, the tuﬁbidity, number of viable
x rganisms and total ﬁumber of crganisms weré compared
,__éﬁle 37). Change in the total number of organisms was
; f;Eased on total nitrogen determinations of the centifuged

M",'and washed sediment from the cultures, Tubes of medium
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iﬁi;:;Were inoculated at the same time and with the same inoculum
’a?vas the plates, thus testing any possibllity of an apparentl
':¥décrease in viable organisms due to inability tovgrqw on

50114 medium. There was excellent correlation. Dilutions
'-g;at'Which colonlies appeared on the plates showed corregpond-
 "1ng growth in the liquid medium, Dilutions at which no

‘" ~ca1on1eS were seen on the plates showed no growth in the

1 1iqu1d medium,

Table 37

1*_;Cbmparison of Turbidity, Number of Viable Organisms and
Total Nitrogen of 12 to 18 hours Cultures Grown in Medium VI

~ Hours Turbidimeter Number of Viable  Mgs, Nitrogen
;{Incubated Readings Organisms per 10 ml, per 10 ml,

12 66 10,000,000,000 0.510
14 g9 6,000,000,000 0.503%
' . 0.498
16 98 400,000,000 0.389
0.4993

18 110 - 500,000 0.506
- 0.503

- From these experimental data the growth and death

'7“¢f:of«Pneumococci in a seml-gynthetic medium containing glu-
: ,   0°Se appeared to be essentially the same as in the more

57.ffcomp1ex media, The organisms multiplied end produced acid

  ;ﬁht11 the acldity of the medium became so great that the
rganisms began to die., That these dead organisms were
_ﬁ;dissolved to any great extent was indicated by the

¢cﬁnétant total nitregen of the sediment,
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To what then was the increased turbidity due
~Quring thles perliod? If from the constant nitrogen 1t may
- be concluded that there was no increase in number of organ-

'w,lsms, then the only remaining change which could be corre-

“1ated with this increased turbidity was the death of the
o E organisms, Perhaps the organisms at this pH disintegrated
"ﬂ i€‘Ljproduc1ng more particles, thus more deflection of light and
- ‘ﬁ;ncreased turbidity. In this event the nitrogen of the
. ‘ pgrt1Gu1ate matter and the acidity would remain constant as
. the organiems dled and the turbidlty incressed,
i Experiments of Lord and Nye (34) on the dissolution

Y,Of}the Pneumococcus substantiate this theory. Cloudy sus-
i”pensions of washed Pneuﬁococci in solutions of varying pH
:ﬁf;from .0 to 4,0 showed after incubation, dissolution of
‘{¥ fbrgan1sms at pH values higher than 5,0, No dissolution
;foécurred at the most acid end of the scale. Change in the
: organism wa.s also evidence by the fact that Pneumococeci be-
ﬂ“feame bile-insoluble after remaining at pH for two hours,
’ . The question immediately arose as to the interpre-
:’tétion of fhe turbidimeter values, According to Cullen and
} ’Ghesney (68), the change in pH of the medium paralleled

M};ﬂchange in the rate of growth of Pneumococcus, and according
 }$0 Lord and Nye (34) the greater the acildity, the more rapid
iﬁhéVdeath, If the turbldity up to a certailn time was due to

éyth'of ergaﬁiéms'and,aftef that time the increase in tur-
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~ bidity was due to the death of the organisms, then the tur-
bidimeter values taken during this dynamic period should
:f'give a comparison of the extent and rate of growth, Thus

& turbidimeter value after 18 hours of 100 compared to 120

‘}  ﬁould indicate that in the tube reading 120, growth was
17:,‘1n1t1atea earlier or that it proceeded at a faster rate,
| In the titrations of the necessary growﬁh factors,
‘f ~*turb1dity was definitely a function of the growth of the
  jforgan1sms. This was shown in an experiment in which the
Hg(  v?°ta1 nitrogen was determined after 1% hours incubation on

cultures with varying concentrations of choline, The

:results are presented in Table 38,

Table 38

" 1g 'Comparison of Turbidity and Total Nitrogen of Cultures Grown
: in Various Concentrations of Choline,

- " Qholine Chloride ‘Turbidimeter

micrograms per Readings Mgs, Nitrogen per
' ml,gmeagum 18 hou%s 10 mls, culture
2 Lh | 0.386
0,388
3 : 67 0,401
0. 403
b &3 0.1452
| - 0,455
5 99 . 0,501
- 01896

j}:Before the growth of this organism could be used for assay

. purposes, the turbidity would have to be standardized by
" the determinatioén of bacterial nitrogen.
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}“'jfﬁfudz of the Choline Reguirements. - |
’_ In the study of the structural specificity of
‘;i th11ne and ethanolamine for the growth of this Pneumo-
» f§Qccus, the compounds tested have been arranged according

:;ftcdthe atom of the ethylamine moiety on which substitution

' ocourred. | | _
Table 39 Derivatives of the nitrogen atom
Table 40 Derivatives of the first carbon atom

Table 41 Derivatives of the second carbon atom
The methods used in determining the growth activity

’= f»df the different compounds were the same throughbut. The

”7:>{materia1 to be tested was added to the medlium without choline
‘° i1h molecular concentrations equal to the effective concentra-
 “ff§iOnS of choline, If growth resulted, the experiment was

"‘*5 }f9ppated until the concentration at which maximum growth

 fgocéurred was determined, If no growth resulted from the
",faddition of the compound, a wider rangé of concentrations
"”fgas tried, The compounds were also added to tubes containing
-    fgub6pt1ma1 and optimal concentrations of choline to test the
 °7E} §dd1t1ve as well as any stimulating or inhibiting effects,
“ff' Kgne of the compounds inhibited or accelerated growth in the

regence of optimal concentrations of choline, COontrol tubes
“;ﬁh and without choline were also run with each experiment,
:fﬁeiturbidity was used as a comparison of growth and readings
3i; ﬁere mede at the end of 12, 1% and 24 hrs. incubation, Where
ghere wes slight or no growth, the cultures were allowed to

~ incubate at least 36 hrs, to allow time for slow utilization
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,”b7t0,become apparent, In genersl, the plcture of activity
,:éihmm within 12 hrs, was unaltered qualitatively or quanti-
' ” fit8t1§ely on further incubation. The concentrations producing

:7iﬂumaxiﬁum turbidlty are expressed in equivalents of choline in

: f Tabies 39, 40 and ¥1, The activities of the different com-
j7[ fﬁcﬁnds are expressed in percentages of the turbidity obtained
T ;;?ith 5 microgrems of choline after 12 hrs, incubation. The
' , _compounds are ligted according to their activities in Tables

k2o,

| v An analysie of the compounds obtained by substitution
:\ l§h the nitrogen atom of the ethylamine moiety, indicated that

7f {ﬁh£ trimethyl groups of the choline molecule were not the

_ esgentlal part, Replacement of any one or all of the trimethyl
”ffféroups with ethyl groups did not alter the‘ability of the
'i €mn1ecu1e to produce growth, Whether the nitrogen was primary,
:'f7secondary, tertiary or quarternary seemed to have no relation
%o the growth activity. The grester sctivity of the di- and
'i:triethanolamine over the monoethanolamine and tetrasthanol-
7 fammonium hydroxide 1s difficult to explain, Two different
‘Nﬁ,sources of the ethanolamine were tested as well as some re-
Jz:;purified by erystallization of the oxalate, The results

lagnfirmed those glven and thus eliminate the factor of poss-

ile impurity. The slight activity of ﬂ~adetylethanolam1ne

| as probably due to ethanolamine formed by hydrolysis of the
 acety1 group in the slightly alkaline medium. When autoclaved
. with the medium activity approached that of ethanolamine, The
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Table 39

Aotivity of Ethanolamine and Choline Derivatives

Substitution on the Nitrogen Atom

Name of Compound

Choline chloride

‘Dimethylethanolamine

Methyldiethanolamine

|- Triethylcholine
. chloride

Diethylaminoethanol

Dimethylethylcholine

chloride

Ethanolamine

Piethanolamine

‘Triethemolamine

Tetraetheanol ammonium-

‘N-geetylethenolemine ,

Phenylethsnolamine

“V7Added after autoclaving.

Structural Formula

(CHy ) 5=N-CHgmCHp=OH
. aaélz 2

(CHz) = N-CHp-CHp-0H

CHg=N=(CHy=CHym0H)

(CpHg ) 5=N=CHy~CH, ~0H
01

(CQHS ) Q:N"CHQ-CHQ-OH

(CHg ) 2=N=CHp=CHg=OH
Collg ~ 61

NHg=CHg=CHg=O0H
NH?(CHR-GHQfOH)Q
ﬁE(CHz-CHé-OH)s
HO-N=(CH,-CHp=0H) 4
CHa-g-HH-CHa-CHQ-OH

NH~CH,=CHp=OH

Equivalent Activity

CONC.
HMEe /ml.medium

50
10
10
30
50

2= 50
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Table 40

Activity of Ethanolamine and Choline Derivatives
Substitution on the First Carbon Atom

.+ Neme of Compound Structural Formula Equivalent Activity
: COoNnc.
/n%./ﬁl.medium
Choline chloride » 5 100
" 18) 2-emino-l-butanol ' NHg-CH-CHg~OH 5 80
~ =Hg ‘
14) 2-nitro-l-butenol 0, N~CH~CH,=O0H 1-50 0
o ' 2Hg
i a Gale :
- XB) 2-amino=-2-ethyl-1,3- NHp=C=CHg=OH 10 100
s propenediol éHQOH
e Hy
 16) 3-amino-2-methyl-1,3-  NHp=(C-CHp=OH 40 90
. - propanediol CH5OH :
Sy ¢HpOH
© 17) 2-emino=-2-hydroxymethyl- NHp-C-CHp=OH 50 5
o ~1,3=-propanediol HoO0H
‘ ot o ~ CHg
. 18) 2-amino-2-methyl- Nﬁg-g- Hp-OH 50 31
i ©  l=propanol Hy ‘
. AR (Hs
< . 19) o4A=dimethyleholine (CHa)asN-g- Hp=OH 5 20
- chloride Cl CHg
. 20) Serine NH,~CH-CHy=OH 1-50 0
S OOH
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Table 41

Activity of Ethanolamine and Choline Derivatives
Substitution on the Second Carbon Atom

Neme of Compound Structural Formula Equivalent Activity

‘ehloride (Ca)

5 1 ”Add»ed after autoclaving.

CONC.,
/amg.éml.medium
e , Choline chloride 5 100
""aL;le) Ethylemine NHg-Cli~CHy 1-50
"fgwéz) 6lycine NHg~CHg-COOH 1-50
. 23) Sercosine CHg=NE-CH,~COOH 1-50
f,'?ZQ)VEthylenediamine NHg=CHy=CHp-NHy 1-50
??}'Betaine (cgs)ﬁsnggg;cuo 1-50
© 26) GiMethoxyethylamine  NHg=CHp=CHp-0-CHy 1-50
' 27) Urethane of @-methyl (CHg)g=N-CHymCH-0-CoCplg 1-50
.. choline chloride ¢1 CHy 6

'TIa,]zs) Carbamylcholine (CHy) 5= N-CHp=CHp=0-G~NH, 1-50

chloride &1 0
“‘”f~f29) Acetylcholine (CHg ) 5=N~CHymCHy=0=CCHy 5

© . .chloride 4 &1 0.

o (50) Ace’cyl—@-methyl
~ . choline chloride ;  (CHy)zSN~CHp=CH-0=G=CH; 5
Gl  CH,
R : /O\

‘;dfxsl) Phosphorylcholine (CHb)afg-CHZ-CHz-OB?\ Ca 1-50
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Table 41(continued)

e SR Activity of Ethanolamine and Choline Derivatives
U Substitution on the Second Carbon Atom

o . Neme of Compound Structural Formule Equivelent Activity
' conec. '
/umg./ml.medium
. ~ 32) y-Diethylamino- (CoHg)s N=CHgpmCHp=CHp=OH 6 100
: propanol
; 53) 2,3=-Propanediol=- (ChHg)s N=-CHz=CH- CHp-OH 10 100
l-diethylamine 0H
S 54) Diethylmethyl-e Y (CoHg)n N—CEQ-CH—CHZ-OH 5 20
: -dihydroxypropyl- (CHgZ) OH

ammonium chloride

 35) Carnitine (CHz)5 N=-CHg-CH-CHp-COOH  1-50 0
o S OH OH - '
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Table U42
Compounds Which Give the Same Growth as Choline
on an Equimolar Basis

Choline chloride

»%        .{ o Dimethylethanolamine

o s Methyldiethanolamine
Dimethylethylcholine chloride
Triethyl choline chloride
Diethylaminoethanol
Diethanolamine
Triethanolamine
2-Amino~l-butanol

2-Amino-2-ethyl-1l,3~-propanediol

Table 43

"lQ( aompounds Which Will Produce Approximately as Much Growth
e ag Choline if Added in Higher Concentrations

Ethanolamine
Tetraethanolammonium hydroxide

2-Amino-2-methyl-1, 3+propanediol
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Table 44

 Compounds Which Produce About One Fifth as Much Growth
e as Choline Even at Concentrations Above Which There is
no Effect Except Inhibition

N-acetylethanolamine
e-Amino-2-hydroxymethyl-1l, 3-propanediol
2-Amino-2-methyl-l-propanol
Diethylméthyl—ﬁ;y-dihydroxyproplyammonium chloride
ogo~-Dimethylcholine chloride
Acetylcholine chloride
Acetyl-(3- methylcholine chloride
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Table U45

Compounds Which Will Produce no Growth When Substituted.
fer Choline but Which do not Inhibit Growth When Added
to the Medium with Choline

Phenylethanolamine

e-itro-l-butanol

Serine

Glycine

Ethylamine

Ethylene diamine

Betaine

Phogphoryl choline.

(@-Methoxy ethylamine

Carbamyl choline chloride

Urethane of(3methyl choline chloride

Sarcosine

Carnitine

Methionine

Creatine
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substitution of a phenyl group on the nitrogen resulted in
;afcompound which could not be utilized by this organism.
'}‘ }Substitution on the first carbon atom produced
,  gempounds,of varied activity. When one of the hydrogens
”~;‘fwas replaced by an ethyl group & compound much more active

‘than ethanolamine was produced, The same compound with the

amino group replaced by & nitro group could not be used at
~all, indlecating that the organism was not able to rednce

 , the nitro group, A'further substitution of a methyl alco-

‘   hpi ééoup on this first carbon atom resulted in a compound

" almost as sctive as choline, When the ethyl group was re-

 placed with a methyl group the activity dropped to that of

T . ;9thano1am1ne. Compounde derived by the B“bstitﬁtion of ‘two

' pethyl or two hydroxylmethyl groups on this first carbon stom
é‘%pported 11ttle or no growth, Wat is the significance of

7fhis inactivating influence exerted by the methyl group?
J’  The presence of the -COOH group in serine made this compound

‘1g‘cémpletely inactive, The organism apparently could not

;H Mdepafboxy1ate 1t;
Compounde in which the second carbon atom wasg sub-
vi::stituted (Table U41) continued to demonstrate,how'unadaptivev
s this organism was, It could not oxidize ethylamine or reduce

”{tﬁ¥31yclne or sarcosine. It could not hydrolyze the ester and

7lg§her linkages through the -OH group. Apparently the activity
of choline and ethanolamine depend upon a free -OH.group |

~ since substitution of or through this group resulted in
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':inactivation of the molecules, The slight activity of the
» .”7ﬂacety1 compounds was probably due to their hydrolysis in the
’“ !i a1ka11ne medium, The high activity of the two homologues

'\:i{-diethylaminopropanol and 2, 3-propanedlol-l-diethylamine was
a wf   interesting as well as surprising. The difference in the
f f,tact1v1tes of the two dihydrozy compounds No, 33 and No, 34
:'*iwas,unaccountable.
| | , From this study of the structural specificity of
 §:” ;  f5 feholine for the growth of a Type III Pneumococcus, it may be
5 V _c9nc1uded that the essential part ofwthe chollne molecule was

_the N-C-C-OH molety. Substitution of the hydroxyl inactivated

 ”vfthe compound, The only_naturally.ocourring compdund tested
‘5f '§nich could replace choline as a growth factor for this
‘llﬁﬁfgqrganism was ethanolamine, |
o The activities of these different choline and
' '§thano1amine derivatives suggested certain facts about the
‘ 'v5bio1og1ca1 function of choline in the Pneumococcus, Before
  ?;§iscuss1ng these facts, a brief review,ofAthe‘present know-
Hl‘hedge of the function of choline 1n animal nutrition is in
:ﬁ»oﬁder.

Choline has been shown to prevent perosls in chlcks

-  (5§), to act ae a growth essential for chicks (70) and puppies
o QK?I), to enable growth of rats 6n a homocystine dieﬁ (72),
_prevent fatty infiltration of the liver in rats (73), and in
idepancreatized dogs (74), to prevent renal Hemorrhagic degen-
. eration (75) and brain hemorrhages (76) in young rats, in

© addition to other less studled effects (77).
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The knowledge of how choline prevents these
| ébnarmalities is progressing but is far from complete, The
k' @§1at1on of choline to the fatty liver 1s probably through
‘  }£he formation of choline phospholiplds which in turn function
in the transport of fatty acids. Chalkoff (78), utilizing
"radioactive phbsphorus‘has observed that choline accelerates
' 'the formation and removal of phospholipids in rat livers,
o A satisfactory explanation of the function of choline
,v 1n,the prevention of renal hemorrhegic degemeratlion in rats,
”“ :pproéis ih chicks and the promotion of growth in chicks and
_:i ,pupp1es has no accepteble experimental basis yet; but it
 x”3'seema probable that the two ¢holiné.phosphclipids are involved
”. e :éince both may be important in cellular orgenization as well
" as in 1ipid metabolism,
;W The function of choline in the growth of rats on a
f,hdmocystine diet lacking in methionine has been shown to be
v ~ due to its actlon as a source of lablile methyl groups in the
y  ﬁ;Haynfhesis of methionine from homocysteine (72). The inter-
k’J ‘fﬁi re1ationsh1ps between choline and other methylated compounds

" have been discussed by du Vigneaud (79). Evidence for the

xG.j £ransfer of methyl groups from choline to homocysteine has
ﬁéen obtained by the.use of isgfopes.‘vThe transfer of methyl
fggfﬁups to guanidoacetic acid fo form creatine (80) and to
  efhano1am1ne to form choline has also been demonstrated (81).
L The relation of the structural speciflclty of choline

to some of the known effects of choline has been summarized by
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 Moyer and du Vigneaud (82), 8ince many of the compounds
,included in this gummary have been tested for their activity

f'in promoting growth of Pneumococcus, & part of the summary

’ 'is,shown in Table Y46,
' After comparing the activity of these compounds on
,,the growth of the Pneumococcus wlth some of thelr other known
 ]_e£fects one may come to the following coneluslons of the role

,  of choline in pneumococcal nutrition,

(1) Choline does not funetion ag a source of labile
methyl group,s

(2) Choline is not essential because of 1its role

in the biological synthesls of methionine and
creatine,
(3) Choline may be synthesized from ethanolamine,
(4) This Type III Pneumococcus cannot synthesize

. ethanolamine from glycine or serine,

(5) Choline and ethanolamine may function as con-
stituents of lecithin,aphingomylin,and cephalin,

(6) That choline may have another function than
the formatiqn of a phospholipide 1ls suggested
by the inablllty of the organlsm to use
phosphorylcholine,

(7) Choline does not act as a precusor of acetylcholine,
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Teble 46
" Comparison of the Biological Effects of Choline Derivatives

' Compound Prevent TFowl Growth Prevent Liver  Growth
i ' Perosis Growth with Kidney Lipo- Type III
Homo~- - Hemorr- +tropic CHA Pn.

cysteine hages.

© Aminosthanol -(83) -(83)  =(72) (13)

:‘ﬁiBetaine | -(70)  «(70)  +(72) +(84)  +(73) -

Ga ;ihosphoryloholine ' +(82) +(85) -

"""f?'(."«‘hpl;ine chloride +(70) +(70) +(72) +(86)  +(87) +

i Choline methyl ether f(38) -

f f @;‘Créatine -(83)  +(83) - -(72) -(88) -

 Diethylmethyl-

' dihydroxypropyl-

~ smmonium chloride : -(72) *

Aivé’:;:,:(',o,(Dime'bhylcholine -(89) -(89) -(82) - -

U _.;gﬁiméthylethylcholine +(89) +(89) +{82) +(84)  +(82) +

7'?lf‘T§ ;Enmocho1ine -(82) +£90) +

| '35;M§thionine -(83)  -(83) +(91)  +(92) -

| @Netnyl choline  +(83)  -(83)  -(83)  +(82) =-(85)

_ Sarcosine -(72) -(94) -

” 'fé'b:‘aethanolamine -(88) .+

. ":"":‘i‘rilethylcholine -(95) -(95) -(72) +(84)  +(96) +
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'W ¥D;gcuss1oQ
A med;um of esgentially known composition has been
xf{ﬁescribed for a type III (CHA) Pneumococcus, This Pneumococcus
. gurvives, multiplies and maintains its virulence and type
 1 §§301£101ty when grown on & mixture of hydrolyzed casein,
_oystine, nicotinic aeid, pantothenie acid, biotin, choline,
‘éertain inorganic salts, glucose and a reducing agent, With
\ﬁhe exception of biotin,.the nutritional requirements of thié
’_‘Type III Pneumococcus resembles that desérlbed,by Rane (24)
~for Types I, II, V, and VIII, Rane has since found blotin to
vfjjbe required by all strains and types tested (ko). That there
|   “are distinct qualitative and quantitative differences in the
vs'figrowth reqﬁirements of the pneumococcal types has been indi-
cated by both Rane and Anderson (ha),'_These differences are
' fb'be expected when one conslders the basis of thé dlfferenti—b
"fétion of pneumococcal types,
| A picture of the physical and chemical nature of
~ the pneumococcal cell has been drawn by White (25 p. 297-299)
' gnd is,recorded in part here, The basic protqplasm would
:'bontain & nucleoprotein with more or less constant composition
 for all pneumococcl regardless of serological type. Another
’ const1tuent of the protoplasm would be liplds, probably com-
‘bined with the protein and conceivably loosely linked to the

arbohydrate. Then the substance of the cell would also
iﬁclude 8. polysaccharide,con%aining phosphorus and nitrogen

" ‘and would, like the nucleoprotein, be possessed by every

\

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



95

'l"“f Pneumococcus, whether of full virulence or degraded below
“:{;ﬁthe stage of any type identity. There would naturally be
4finorganic salts, but since little is known about them their
‘; aetual composition cannot be defined, In thisg viable, watery
-  591ution of collolids and crystallolds there would be enzymes-

 \';  ;Proteases, lipases, invertases and saccharases - active in
:'T  the metabolic processes of the cell and potentially able to
»  1 destroy 1t. This globular mass of protoplasm would be sur-
i1 reunded by a capsule, largely carbohydrate in nature. The
1f%&capsu1ar material would be present when the cell was living
ni“f 1n a favorable environment in greatest amount when the sur-
"Yiroundings were ideal, but entirely lacking when the cell had
sutféred from severe degenerative processes, The polysacéharides
,  Bf these capsulesg would‘sérve to distinguish the organism from
k ' :   many of the other members of the species and would differ in
'= _the1r content of nitrogen, of phosphorus and possibly of

* other elements., On hydrolysis the polysaccharides would
» ; yield unequal amounts and various kinds of cleavage products
=  _ﬁ‘fsudh as glucosamines, sugar acids, and the simpler sugar.
khThe capsulaer polysaccharldes would be linked to some of the
‘ ;f5brotein, or even to the 11pidé, in a combination susceptible
’N ;'tbfc1eavage by the enzymes of the cells, to the disruptive
. "ffects of physicel forces, to the iytic action of bile, or
to the hydrolyzing action of chemical agents.
| In the conétraction of this complex functional

 fpneumococea1 cell what part is played by the sﬁbstances
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, }Vrequired for growth? This plcture is mﬁdh more incomplete
,,gffgﬁt partly frdm experimental date and partly from analogy
f‘;éome ldea 1s obtained of the role of essentlal growth sub-
'étances. The amino acids may provide essehtial structural
“units necessary for the construction of cell constituents,
‘fhé‘lnorganic salts may provide an osmotic effect (30) as
j;yell as essentlal elements needed in metabolic processes (31).
It 1s posselble that choline and ethanolamine too go to form
‘some constituent of the ecell structure, Whether this con-
 ~gt1tuent is a phospholipld has not been shown, Choline con-
’ . 1ta1n1ng phospholiplds have been 1lsolated from the tubercle
.  *f}haq111us (97), lactobacillus (98) and beer yeast (99). The

:‘; '[.rp1e of bilotin as a catalyst in intermediary metabolism has

’ ‘ ? béen suggested (100), It has been shown in yeast grown at
   1Qw biotin levels, that the addition of blotin increases both
~énaerobic and aerobié fermentation rates immediately. OCorres-

- ponding incresses in respiration occur after about an hour and

‘ﬁlfigrpwth and turbldity increases after two hours. That bilotin
fplays a similar fqle in pneumococcal metabolism 1s probable,

“7;;'There are some facts which suggest that pantothenic acid may

“be conqerned with carbohydrate metabolism but they are by no

f”,{ means certain, The essential nature of nicotinic acid and

Wits amide has generally been attributed to the needs of these
:'éémpounds for syntheges of diphosphopyridine mucleotidetor,A
- triphosphopyridine nucleotide, coenzymes 1n the intermediary
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vwr”_[ﬁstabolism of glucose (102). Recently the experiments of
v ,iwséunders, Dorfman and Koser (103) and others by McIlwain
f(lon) suggest that nitotinemide may function directly as a
lfééspiratory stimulator without being synthesized to a known
  6oenzyme. The.glucose provlides the source of energy and
;gscorbic acld a favorable potential required for the proper
funetioning of the cell, The stimulating actlion of creatine,
 ?rac11, thiamine and glutamine is so‘small that no attempt
‘I{ is‘made to suggest a mode of action, |
R This very vague plcture only serves to indlcate
"~ , ﬁhe lack of fundamental knowledge of the bilochemistry of the
 !Pneumococcus. However, a\great,étride has been taken when the
';fﬁgmplex medla required for growth has been replaced by a
“;Zéimpler medium of essentlally known composition.
| From a beginner?s point of view it is interesting
0  §° speculate.upon thé lines of pneumococcal investigation which
might benefit by this development. To mention only a few,
"G;;4§he 1éolat10n and ldentification of cellular constituents
ﬁ7gncluding the much 1nvestigated eapsula§ polygacdharides;,
_;fhe‘etudy of the enzyme systems; effecf of suboptimal concen-
'°5 ‘tfét1ons of tﬁe growth factore on the v;rulénee, capsule form-

”7~gtlon, soluble specific substance andfdissociation‘of Pneumo-~

eoccus; actlon of growth inhibitors, particularly the sulfon-
fj‘{aﬁides.

| | The first task'is to render the medium completely

- synthetic an& to determine its ability to support the growth

"i‘of other strains and types ofrPneumococcus;
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Summery and Conelusions

- 1, A semi-synthetic medium containing a casein acid hydroly-
'  "sate, cystine, KHoPOy, MgSO), dextroée, ascorbic sacid,
. nicotinic acld, pantothenic acid, blotin, choline, creatine,
uracil, thiamine and glutamine has been developed for a :

Type III Pneumococcus,

5f12; No improvement in the rate or extent of growth was obtained
’J, by_the‘addition of adenine sulfate, adenylic acid, asparag-
'fine, s-alanine, carnitine, folile acid, glucosamiﬁe, gluta-
thione, glutamic acid, guanbsine, inosotol, methilonine,
nicotinamide, p-aminobenzoic acid, plmelic acld, phthiocol,

pyrodoxine, riboflavin, sarcosine, tryptophane and urea,

 ;5   3. Within limited concentrations of choline, blotin, nicotiniec
. aocld and pantothenic acid the growth was proportional to

the amount of each of the growth factors present.

k 5f¥; The minimum effective concentrations of these accessory

~-growth substances per ml, of medium were found to be 5,0
micrograms of choline, 0,000} micrograms biotin, 0.4 micro-
gram n;cotinic acid and 0,2 microgram pantothenic acid, -

'f l5; It has been shown that this Type III Pneumococcus could
. ‘not synthesize pantothenic acid from'ﬁ-a;an1ne or biotin
from pimelic acid; but it could utllize nicotinamide in
pléce of nicotinic acid,

 'Ethano1amine in ten times the molar concentration of
choline could replace choline, Ip the presencevof

A' 'ethano1am1ne the orgenisms grew in long chalns,
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- Experimental evidence for the multiplication, viability

and maintenance of virulence and type specificity of the
organigms in thls medium has been presented, ’
The relation of the growth and death of the organism to
the turbidity and acld production has been studled and

discussed,

The specificity of choline has been tested with some 35

choline and ethanolamine derivatlves,

- From this study of the choline derivatives, the N-C-C-OH

T molety of the choline molecule has been shown to be the

aétive part,

‘The relation of the function of choline as a growth factor
»°”Y , for Pneumococcus as compared to its other known biologiecsal

: effects has been dlscussed.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



100

Acknowledgements

’ LI would like to express my appreciation to Dr. Leo
~ Rane, Dr. A.A. Anderson and Dr. A.A. Tytell for their
kV'ﬂmany helpful suggestions and to Dr. M.A. Logan and

Dr. L.E, Gilson for their continued interest and

A”V:.encouragement during this work.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



101

Bilbliography

r\fﬁ;j})3   ’1) Everett, M.R., Medieal BiochemistrjAp.EEE Paul B. Hoeber,,
TNy, 19ke

2) Stanek, V., The quantitative determination of choline and
.~ Dbetaine. Z; physiol. Chem. 48, 334 (1906)

,53)jKin05hita The choline content of animal tissues., Arch,

- Phys. 132, 607 (1910)

~4) Roman, W., A chemical method for the quantitative determ—
~ ination of choline. Biochem. Z. 219, 218 (1930)

; . 5)'Lintze1, W. and Monsatino, G. A method for the micro-
. . determination of lecithin in blood and plasma. Biochem.
S ze 2, 273 (1931) |

 6) Strack, E., and Schwaneberg, H. The determination of organic
- bases in animal tissues. Z physiol. Chem, 245, 11 (1936)

o ”1 }f7)JBéattie, F.J.R., 4 colorimetric method for the determ-
- 1ination of choline and acetylcholine in small amounts.

“Biochem., J. 30, 1554 (1936)

i:gfg)uShaw, F.H, The estimation of choline and acetylcholine.
- 'Biochem, J, 32, 1002 (1938)

L 3*9§ Chargoff, E., Zeff,M,, and Rittenberg, D. Determination of
- the bases of phospholipids by the isotope dilution method
~J. Biol, Chem. 138, 439 (1941)

. 10) Eagle, E. The choline content of biological fluids. J.Lab.
" and Clin, Med. 27, 103 (19M1) |

11) Engle, R.4. Modified methods for the chemical and biological
- determination of choline. J. Biol., Chem, 144, 701 (1941§

k“ ff,;f1é)?Marenzi, A4.D. and Cardini, C.E. The colorimetric determ—
. ination of choline J. Biol. Chem., 147, 363 (1943)

 13) Cheng, H.C. and Gaddum, J.H. Choline esters in tissue
-~ extracts., J., Physiol, 79, 255 (1933)

\) Snell, E.E., Eakin, R.E. and Williams, R.J. A Guantitative
- test for biotin and observations regarding its occurrence
~and properties. J.Am.Chem.Soc., 62, 175 (1940) ‘

) Mitchell, H.K. and Snell, E.E. Univ. of Texas Pub. No 4137
36 (1941)

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



102

' 16) williams, R.J., Stout, A.K., Mitchell, H.K., and McMahan,
-~ J.R. Univ. of Texas Pub, No 4137, 27 (l9u15

~ 17) snell, E.E. and Wright, L.D.J. A microbiological method
.~ for the determination of nicotinic acid. J.Biol.Chem.139,
675 )1941)

1) Pemnington, D., Snell, E.E., Williams, R.J. An assaﬁo.
- method for pantothenic acid. J,Biol.Chem. 135,213(1940)

 19) Landy, M. and Dicken, D.M. A microbiological method for
- -the determination of p-aminobenzoic acid 146, 109 (1942)

© 20) Williesms, R.J., Eakin, R.E,, and McMahan, J.R. Univ, of
' Texas Pub. No 4137, 2 (19i1)

fff,ai) Snell, E.E. and Strong, F.M., A microblokoglocal assay
. for riboflavin, Ind.Eng.Chem. Anal. Ed. 11, 346 (1939)

 22) Williems, R.J., McMahan, J.R,, and Eakin, R.E., Univ. of
" Texas Pub. No U137, 31 (19l1) |

- .. 23) Landy, M. and Dicken, D.M. A microbiological assay method
s for six B-vlitamins using Lactobacillus Casei and a medium

= of essentially known composition. J.Lab.Clin,Med., 27,
1086, (1942)

"”7  ﬂ?2¥) Rane, L, and Subbarow, Y. Nutritional Requirements of
- the pneumococcus., Growth factors for types I,II,V,VII,
and VIII J. Bact. 140,695 (194))

; 5) White, Benjamin The Biology of Pneumococcus p.37 Oxford
. University Press, N.Y. 1938 ‘ '

'f“f126) Wright, H.D., The importance of adequate reduction of
.. peptone in the preparation of media for the pneumococcus
and other organisms., J. Path. and Bact. 37, 257, (1933)

Dubos, R., The bacteiiostatio action of certain com@onents
of commercial peptones as effected by conditions of
oxidation and reduction. J,.Exptl.Med. 52, 331 (1930)

. 28) Wright, H.D., The effect of certain factors upon the growth
. of the pneumococcus. J.Parh.and Bact., 32, 203 (1929

Dernby, K.G., and Avery,0.T., The optimum hydrogen ion
.concentration for the growth of pneumococcus. J.Exptl.Meéd,
28, 345 (1918) ‘

~ 30) Robertson, 0.H., Sia, R.H.B., and §00,8.T., Studied on
-~ pneumococcus growth inhibition. The protective action of
gelatin for pneumococci in suspension, J.Exptl.Med. 39,

199(1924)

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



105

' 31) Hewitt, L.F. Bacterial metabolism. II Glucose break-
down by pneumococcus variants and the effect of phosphate
thereon, Bkochem. J. 26, 464 (1932) ‘

~32) Avery, 0.T. and Cullen, G.E. Hydrbgen_ion concentration
- of cultures of pneumococci of the different types in
carbohydrate media, J.Exptl.Med. 30, 359 (1919)

”,¢'33) McLeod, J.W. and Govenlock, P. The production of bacterio-
i cidins by micro~organisms. Lancet, 1, 900 (1921)

Bﬁ) Lord, F.T., and Nye, R.N.,, The relation of the pheumococcus
to hydrogen ion concentration, acid death-point, and
dissolution of the organism, J.Exptl.Med. 30 389 (1919)

: - 3B) Kelley, W.H., Effects of acidity upon the growth of pneumo-
coccus in culture media containing proteins, J.Exptl.Med,

67, 667 (1938)

 36) Dubos, R., The initiation of growth of certain facultative
~anaerobes as related to oxidation-reduction processes in
the medium, J.Exptl.Med. 49, 559 (1929)

".ﬁf37) Avery, 0.T.,, and Morgan, H.J., B8Studies on bacterial
"+ mnutrition. V., The effect of plant tissue upon the growth
of anaerobic bacilli. J.Exptl.Med. 39,289 (1924)

 38) Novy, F.G., Microbic respiration: The so called aerobic
growth of anaerobes: Potatoe respiration, J.Inf.Dis. 36,

~ 3ko (1925)

. f;f?39) Kemper, W. and Schlayer, C., Effect of QOE on the growth
. rate of the pneumococcus, dJ.Bact., 43 387 (1942)

. 40) Rane, Leo, Personal communication.
.~ 41) Landy, M., Dicken, D.X., Beeking, M.K., and Mitchell, W.E.

The use of avidin in studies on biotin requirements of
microorganisms. Proc.Soc,Exptl.Biol,and Med. 49, 41 (1942)

7,%#2) Anderson, A.A, Personal communication.

s 43) Krebs, R.P., Perkins, P., Tytell, A.A., Kersten, H.
© A turbidity comparator. Rev, Sci. Instru. 13, 229 (1942)

k}yn) Mueller, J.H., Studies on cultural requirements of bacteria.
5 IV. Quantitative estimation of bacterial growth., J.Bact.
29, 383 (1935) :

f;#S) Niederl, J.B. and Niederl, V. Micromethods of Quantitative
 Organic Analysis p. 54 John Wiley and Sons. N.¥. 1938 :

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



104

 §;¥¥5) Meeker, E.W., and Wagner, E.C., Titration of ammonin in the
~ presence of boric acid., Ind.Eng,Chem,4inal.Bd, 5,396 (1933)

———————

oo p, 177 Lea and Febiger, Phil, 1939

f.1  7ﬁ7);Park, W.H. and Williems, 4.W., Pathogentc Microorganisms

48) Pappenheimer, A.M, and Johnson, 8.J., 8tudies in diphtheria
- “toxin production III. A simple gelatin hydrolysate medium
and some properties of the toxin produced thereon.
Brit.J.Exptl. Path. 18, 239 (1937?

" L49) Koch, F.C. and McMeekin, T.L., Practical Methods in
~© Biochemistry p.18%8 William Wood and Co., Baltimore 1937

‘f«50) Folin,~®., Laboratory Manual of Biological Chemistry
 p.65 D, Appleton-Centmry Co. N.Y, 193L

 Bl) Peters, J.P. and Van Slyke, D.D. Quantitative Clinical
- Ghemistrg IT p. 833 The Williame and Wilkins Co, Balti-
more 193

":7u'52) Muelier, J.H., A simplified formula for diphtheria toxin
~ broth. J. Immunology. 37, 103 (1939)

 :3;§3} Mueller, J.H. and Johnson, R.R., Acid hydrolysates of
e casein to replace peptone in the preparation of bacteriolo-
gical media. J. Immunology 40, 33 (1941) .

" 53) Temura, J.T., Tytell, A.A., Boyd, M.J., Logen, M.4.
- Production of Cl, Welchii toxin in peptone-free mediunm,
~ Proc, Soc, Exptl. Biol. and Med. U7, 284 (19u1)

”}{5#) Baudisch, O. The influence'of iron oxide and iron hydroxide
"' on the growth of bacteria, Biochem. Z, 245, 265 (1932)

 55) Mathews, A.P. Physiological Chemistry 6th. ed. p 325 The
 Williams and Wilkins Co. Baltimore 1939

’VV_? 56)'Fi1des, P. and Richardson, G.M. The nutrition of Staphlo-
= coccus Aureus: Sulfur requirements., Brit,J.Exptl,.Path, 18

292 (1937)

) Mueller, J.H., Klise, K.S., Porter, E.F. and Greybiel,A.
~  8tudies on the cultural requirements of bacteria III.
. The Diphtheria bacillus. J.Bact. 25, 509 (1933)

McCullough, N.B. and Dick, Leo A. Quantitative studies of
 brucella. J.Infect.Dis. 71, 193 (1942)

- 59) Gyorgy, P., Rose, C.S., Hoffiann, K., Melville, D.B., du
- Vigneaud, V., A further note on the identity of vitamin H
with biotih. Science 92, 609 (194)) '

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



105

Y]

7?{760)'Hottle, G.A., Lempen, J.0., and Pappenheimer, A,M, Biotin
; ag a growth factor for C 2038-strain of Hemolﬁtic Strepto-
coccus, Group A. J. Biol. Chem. 137, U457 (1941)

- 61) du Vigneaud, V., Dittmer, K., Hague,”E., and Long, B.,
- .. The growth stimulating effect of biotin for the diphtherila
 bacillus in the absence of pimelic acid. Science 96,186(1943)

5f262§78tiller, E.T., Harris, S.A., Finkelstein, J. and Keresztesy,
-~ J.C¢, and Falkers, K,, Pantothenic acid. VIII The total
synthesig of pure pantothenic acid. J.Am,Chem.Soc. 62,

1785 (1940)

~ 63) Morgan. H.J. and Avery, 0.T. Studies on bacterial nutrition,
77 J. Exptl. Med. 38, 207 (1923)

-  16&) Okamoto, Hajime, Characteristic long chain growth of pneumo-
. coccli produced by quarternary ammonium compounds., Japan., J.
Med. Sci. IV Pharmacol, 12, 143 (1940) Chem, Abs. 34, 6319

 7:65) Felton, L.D., Studies on virulence: Influences on virulence
~*" of pneumococcus of growth on various media, J.Exptl.Med. 56,

13 (1932)

Friedemann, T., Metabolism of pathogenic bacteria growing

~ under aerobic and anaerobic conditions in carbohydrate-

o fiCh ?ulture media. Proc.Soc.Exptl.Biol. and Med. 40,505
(1929

 '3«,67)fAvery, 0.T. and Cullen, G.E. Studles on the enzymes of
- pneumococcus. J.Exptl.Med. 32, 547 (1920)

ﬁif6$) Cullen, G.E. and Chesney, A.M., A note on the production
~° of acid by pneumococcus. J.Exptl., Med, 28, 289 )1918)

>

Chem. 134, 789 (1940)

“f f 70)‘Jukes, T.H.,, Effect of choline and other supplements on
_perosis. J. Nutrition 20, 445 (1940)

', 69),Jukes, T.H., Prevention of perosis by choline J. Biol.

;,f;; ?1) Schaefer, A.E.,, McKibben, J.H., and Elvehjem, C.A., ,
© . Importance of choline in synthetic rations for dogs. FProc.
Soc.Exptl.Biol.and Med. 47, 365 (1941) ‘

du Vigneaud, V., Chendler, J.P., Moyer, A.W., and Keppel,
. .D.M, The effect of choline on the ability of homocystine
~ to replace methionine. J.Biol.Chem.131, 57 (1939)

7%) Best, C.H. and Unntsman, M.E., The effects of the components
- of lecithin u§on deposition of fat in the liver. J. Physiol.

15, 405 (1932

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



106

i 74) Entenman, E., Montgomery, M.L., and Chaikoff, I.L. The
i ~effect of choline on the blood and liver 1ipids of the
-~ dog subjected to llgatlon of the pancreatic ducts.
J.Biol.Chem. 135, 329 (1940)

. 75) Griffith, W.H., and Wade, N.J., Choline metabolism
"Lk, The occurrence and prevention of hemorrhagic degeneration
-in young rats on a low choline diet. J Biol.Chem, 131,

567 (1939) 5

>;76) Jervis, G.A., Occurrence of brain hemorrhages in choline
- deficient rats, Proc.Soc.Exptl.Biol, and Med. 5_,193(1942)

 77) Griffith, W.H. The Biologicel Action of the Vitamins
. ed. by E,A,Evans p. 169~185 The Univ. of Chicago Press,
Chicago 192

 78) Perlman, I. and Chaikoff, I.L., Radioactive phosphorus
i ag an indicator of DhOSphOllpid metabolism J.Biol.Chem,

127, 211 (1939)

~ 3.}']9) du Vigneaud, V. Interrelationships between choline and
~ other methylated compounds, Biological Symposia V p 234
The Jaques Cattell Press, Lancaster, Pa. 1941

. g0) du Vigneaud, V., Cohn, M., Chandler, S8.P., Schenck, J.R.,

o and Simmends, S.8., The utilization of the methyl groups
of methionine in biological synthesls of choline and
creatine, J.Biol. Chem., 140, 625 (1941)

 f?i81) Stetten, D,, Effect of dietary choline, ethanolamine,
. -gerine, cystine, homocystine, and guanidoacetic acid on
the liver lipids of rats. J.Biol.Chem. 1Lk, 175 (1942)

~ 82) Moyer, A.W., du Vigneaud, V. The structural specificity
3 of choline and betaine in transmethylation, J.Biol,Chem,

143, 373 (1942)

J ‘f83) Jukes, T. H. The effect of certain organic compounds and
- other dietary supplements on perosis, J, Nutrition, 22

315 (1941)

f ;3&) Welch, A.D. presented by Jukes, T.H., before the American
*ﬁ*,vInstitute of Nutrition at Chicago, Aprll 16, 1941

‘Welch, A.D., and Welch, M,S8. Lipotropic action of certain
" compounds related to choline chloride, Proc.Soc.Exptl.
~ Biol. and Med. 39, 7 (1938) v

- #6) Griffith, W.H. and Wade, N.J. Some effects of low choline
~ diets, Proc.8oc.Exptl.Biol. and Med. 41, 188 (1939)

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



107

Q{}g?)'Best, ¢.H,, Hershey, J,}., and Huntsman, M.E,, The control ‘
- of the deposition of liver fat, Am. J. Physiol. 101, 7(1932)

"'Platt, A.,P.,, The dietary prevention Of'fattv livers,
~ Compounds related to choline. Bilochem, J. 33, 505 (1939)

.~fJukes, T.H., and Welch, 4.D., The effect of certain analogues
of choline on perosis. J.Biol.Chem. 146 19 (1942)

Channon, H.J., Platt, 4.P., and Smith, J.A.B. The dietary
- prevention of fatty livers, Two analogues of choline,

 Biochem. J. 31, 1736 (1937)

 3;§Griffith, W.H., and Wade, N.J., Relation of methionine, cystine
- and choline to renal lesions occurring on low choline diets,
 Proc.Soc.Exptl. Biol. and Med. 41, 333 (1939)

' ~ ﬂ}fg9E)*Tucker, H.F. aﬁd Eckstein, H.C., The effect of supplementary
" methionine and cystine on the production of fatty livers
.~ by diet, J.Biol.Chem. 121, 479 (1937)

’ff We1ch, 4.D., The preparation of a casein hydrolysate for
- the study of the relationship between choline and homocystine,
J.Biol,Chem. 137, 173 (1941)

4) du Vigneaud, V., Chandler, J.P., and Moyer, A.W., The
N "7 inability of creatine and creatinine to enter into trans-
L methylation in vivo, J.Biol.Chem. 139, 917 (1941)

 95) Jukes, T.H., Proc. Am. Inst. Nutrition 21 suppl. 13 (19M)

\gi%éé),Channon,‘H;J., and.Sﬁith, J.A.B., The dietary prevention
© ' of fatty livers., Triethyl- -hydroxyethylammonium hydroxide.
~ Biochem. J. 30 115 (1936) ' _

Hecht, E. The phospholipids in acid fast bacteria. Biochem.
2. 279, 157 (1935) ‘

k‘ 'Crowder, J.A. and Anderson, R.J. A contribution to the
chemistrﬁ)of Lactobacillus acidophilus., J.Biol. Chem, 104,

399 (193

':5"§9i;3alisbury, L.F. and Anderson, R.J. The chemistry of the
. 1lipids of yeast. III Lecithin and cephalin. J.Biol.Chem.

&£

11z, 541 (1935-1936)

100)du Vigneaud, V. Biotin The Biological Action of the
- of the Vitamins p. 166 ed. bﬁ E.A.Evans, The University
_of chicago Press, Chicago 1942

| 'inl)Williams, R.J. The chemistry and biochemistry of pantothenic

acid. Advances in Enzymology  Vol. III p., 266 Ed. by
F.F.Nord and C.H.Werkmen Interscience Pub,, Inc. N.Y, 1943

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



108

| 102) Fildes, P. Growth of proteus on ammonium lactate plis
nicotinic acid, Brit, J. Exptl. Path, 19, 239 (1938)

Saunders, F., Dorfman, 4., and.Koser,”S,A,'_Thé role
of nicotinamide and related compounds in the metabolism
of certain bacteria. J.Biol. Chem. 138, 69 (1941)

McIlwain, H. Pyridine-}-sulphonic acid and its amwide as
inhibitors of bacterial growth, Brit., J. Exptl. Path.
et, 136 (1940)

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



