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XEROSE FOR ﬂmz.ﬁmm ASSAY

INTRODUCTION

/5~Alan1na was discovered to be a nutrilite for
yeast in 1936 (23); later it was found to constitute part
of the pantothenic acid molecule (21). Fantothenic acid
is required for the growth of many yeasts (9, 11, 22}, but
may often be replaced by ﬂ-al&aium Inasmuch as yeasts
can utilize/gualanine for growth in the absence of panto=-
thenic acid, these organisms would appear logical for use
in the assay of this vitemin. A satisfactory assay
method for p—-alanim would be desirable, since it is a
constituent of many natural materials, not only in panto~
thenic acid, but also in others such as carnosine end
anserine. Although the pantothenie acid content of
natural meterials can easily be calculated from deter-
minations thexeof; recent studies (7, 8, 10) have revealed
that conjugates of pantothenic acid exist which vary in .
their ability to stimulate growth of the various test
organisms employed. Direct determination of pantothenic
acid in these conjugstes is often not reliable.

In experiments with the effects on yeast growth
produced by amino acids and naturel extracts, yeast assays
rorlzualanina have been found to be unreliable due to
influence on growth by these materials (17, 18, 19).
Lactic acid bacterias, which respond well to pantotheniec

acid, cannot utilize/goalanine even when the lactone



moiety is also supplied (1, 20); this is also true of
rats (4) and chicks (24):

The only other organism which has been reported
to utilize [-alenine airectly is Gorynebacterium
diphtherise (2, 3, 12, 13). This orgenism has the dis-
advantage of pathogenicity. In the present work it has
been found that a relatively non-pathogenic species of
this genus, Corynebacterium xerose, is capable of using
/zalanine; In this thesis use has been made of this
observation to aeveléy a satisfactory gquantitative method

for the determination cf/gualanine.



- EXPERIMENTAL
Culture and Inoculum
Corynebacterium xerose, a facultative anaerobe,
grows best near the surface of the medium, All liquid

cultures are therefore grown in 50 mi, Zrlenmeyer flasks
to obtain a larger surface exposure to the atmosphere,

G+ xerose cultures ere mainteined at 0° -~ 5° C, in a
refrigerator on veal infusion-agar slants and are trans-
ferred monthly allowing a 24 hour growth period at 37° C.
after transfer. To prepare an iaaoulum, a loop from &
refrigerated culture 1s adapted to growth upon the basal
medium shown in Teble I by means of four successive daily
transfers as follows: first day, 8 ml. basal medium plus
2 ml, distilled water plus 1Y pantothenic acid; second
day, as above, except that the pantothenic scid is re~
placed by 100Y of B-alanine; third day end fourth day
and for carrying between assays, as in the second except
that the aspartic acid 1s omitted. This routine has been
found important to induce growth of the organisms on
ﬁLalanine. éltbmugh aspartic acid is necessary for good
growth, it appears to induce heavy pellicle formation so
that a uniform inoculum is diffucult to obtain. For
inoculetion, the organisms are centrifuged in & sterile
test tube. The supernatant is poured off and the organ-
isms are resuspended in basal medium and centrifuged. The

process is repeated to the third centrifuge stage. The



TABLE I

BASAL MEDIUM
Group I
Ethanol (95%) 5§ ml,
Lactic Acid (85%) 18 ml,
Casamino Acids (Difco) 17 &
Cystine Db &
Glutamic Aeid 125 g»
Aspartiec Acid* 1.25 ga
Pimelic Acid ' 0.15 mg.
Kicotinic Acid Les5 mge.
Group II
KCl ' 0.8 g.
Na, HPO, : Yl Be
?05@‘.*7 Hy0 : 5.0 mg.
MnClpeh Hy0 ' 2.5 mg.
Cus0, *5 Hy0 | 5.0 mg.
Zn30,+7 Ha0 9.0 mg.
Group III
caCl,*6 Hy0 200  mg.
Egﬂlz 200 | mge

* Omitted from cerrying medium



¢cells are then suspended in basal medium and 1 drop is
used for inoculation.

Preparation of Besal Medium

The procedure for preparation of the media is as
follows: Group I with the axaapﬁian of aspartic acid is
mixed, diluted to 500 ml., and placed in a cotton plugged
flask, In a similar meaner the Group II and Group III
constituents, as well as aspartic acid (neutralized to
pH 7), are diluted to volumes of 200, 50, aud 50 ml.
respectively, aund autoclaved separately. After cooling,
all except aspartic acid are mixed and adjusted aseptic-
ally to pH 7.5. For carrying medium, 200 - 300 ml. are
removed and the aspartic acid solution is then added to
the remaining volume which is used as assay medium. This
mixing procedure, which is similar to that employed for
Corynebacterium diphtherise (13), was adopted in order to

prevent the precipitation of slightly soluble salts which
form when the entire medium is heated. Unused portions
of either medium are stored in a refrigerator for future
use.
Preparation of Samples for Assay

(A) Digestion with alkaline phosphatase.
The following materials are mixed:

(1) Wwater extract of material to be tested
estimated to countaim about 106\( of bound pantothenic
acid (equal to WV ﬂ-alwim) at pH 7.0-7.5 10 ml,



6
{2) Alkaline phosphatase (Armour) 50 mg.
(3) NaHCO4, 1% 1l ml,

The above mixture is incubated at 37° C. for 3
to 4 hours. An aliquot may be removed at this point for
pantothenic acid assay with Lactobacillus arsbinosus 17-5.
The remsinder of the enzyme digest is then hydrolyzed with
NaOH as described below.

(B) Alkaline hydrolysis (the following procedure
is sufficlent alone for the hydrolysis of free pantothenic
acid): A portion of the sample to be tested (0.l to 1,0
g.) of the enzyme digest from part (A) containing epprox~-
imately 1601’ of pantothenic acid (now in the free form)
is placed in a test tube with 1.0 ml, of 12N NaOH and is
eutoclaved 3 to 4 hours at 15 pounds pressure to insure
complete hydrolysis of pantothenic acid (and presumably
otherfgwalaniaaa). Complete hydrolysis of pantothenic
acld is essential since Corynebacterium xerose is about
100 times as sensitive to the complete vitamin as to
fLalanina. After cooling and neutralizing to pH 7, the
samples are filtered, steamned for 10 minutes, and placed
in a refrigerator until assayed.

Assay Procedure

Solutions of materials to be tested at pH 7 are
measured into 50 ml., Erlenmeyer flasks, diluted to 2 ml.
with sterile distilled water, and 8 ml., of the basal

medium are added., One drop of inoculum is added to each



flask except one which is kept for a blank. All oper-
ations after plugging and eutoclaving of flasks are per-
formed aseptically. After 1nosnlabicn, the flasks are
incubated at 37° ¢. for 20 hours, at which time the tur-
bidity of the solutions is measured. Turbidity ls
expressed in terms of optical density (lag 100 minus log
galvanometer reading) whieh is obtained on e Pfeltz and
Bauer Fluorophotometer.

A standard curve consisting of e duplicate serles
of flasks contailning 0, 0, 1, 3, 5, 8, 13, and 20Y of
ﬂ-alaaine per flask is run concurrently with the substance
being tested, and the amount of growth factor present in
the samples belng tested is determined by comparison to
the stenderds. Semples are tested in duplicate at two or
three levels.

Because of the much greater relative sensitivity
of this organism to intact pentothenic acid than to
FLalanina, all glassware used must be scrupulously clean.
Chromic ecid has been used routinely for this purpose,
since alkaline detergents such as Nacconol are ineffective.
After cleaning with chromic ecid, assay flasks are thrice
rinsed with tep water, thrice rinsed with distilled water,
cotton plugged, autoelaved, and stored until used. %his
routine has been used to minimize possibility of corntamin-

ation.



RESULTS AND DISCUSSION

The quantitative response of Corynebacterium
xerose to 0 - 20Y ar/§~alanine, as shown in Figuro 1, 1is
a smooth curve typical of those obtained with othor
microorganisms for various growth factors.

C. xerose shows great variability in response to
/Zmlaniné;'vaxiatiaas such as change in sensitivity and
change in the shape of the standard curve necessitate the
use of a complete standard curve in every experimant.

Reproducibility of results in resnrg to/3-alanine‘
content calculated from various levels of unknown samples
is within t 15 percent (Table II). The degree of duplice=®
tion obtained among different experiments also falls withe-
in these limits. The yield ar/gaalanine from pantothenic
acld upon alkaline hydrolysis is‘quantitativet and re=
coveries of added /“~alanine are good (Table III).

Glutamic acid, which has been found to be inhibi-
tory to yeasts (19), does not affect C. xerose in levels
up to 50 mg. per 10 ml. of medium. Above this level,
inhibition occurs and is most merked at high levels of
ﬁLalaainOa Similarly, hydrolyzed casein is without effect
up to a level of 50 mg: per tube. These levels are higher
than asre ordinarily encountered among natural extracts
which may be present in the assay tubes. ‘

Although the observed ~glanine content in beef

muscle (Table II) may be reasonable in view of the known
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high concentration of carnosine and anserine present, the
values of 0.95Y per mg. for rat blood, and 15\’ per mg.
for yeast extract are much higher than expected. The high
values are not due to residual unhydrolyzed pantothenic
acid, since assay of these materials with Lactobacillus
arabinosus 17-5 (5) after hydrolysis indicated no more
than 0.2Y per gram in the blood and less than 1Y per
gram in the yeast extract hydrolysate., While the assay
values are reproducible and the organism responds guanti-
tatively te/awalaniae (either added or produced from
alkali hydrolyzed pantothenic acid), these results sug-
gest that (a) ethag/’—alanidaa present in these materials
hydrolyze to produce much greater yields of f[/-alanine than
may be formed from pantothenic acid present or (b) the
organism responds to a natural form of pantothenic acid
which 1s stable to alkaline hydrolysis. Such a derivative
has been reported which is active for chicks (l4). This
form, or the related pantothenic acid phosphates (6), are
inactive for L. srabinosus (1l4).

_ The data in Table V indicate that a substantial
part, although not all, of the apyareﬂt/élalaniae activity
in alkali-hydrolyzed yeast is referable to an alkali~
stable form of pantothenic acid which is susceptible to
hydrolysis by alkaline phosphatase. Thus, the apparent
content of 3 - 7Y of ﬂ-&lanimr per mg. of yeast obtained
after alkeli hydrolysis decreases to 1.0Y' per mg. when
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the yeast is predigested with slkaline phosphatase. How=
ever, even the latter amount 1s equivalent to 2500\( of
pantaﬁheaieiaeid per gram of yeast -- a figure approxiw.
mately 8 times that of the actual value of BGOY per gram
by Lagetobacillus arabinosus assay as shown in Table IV, A
similar diserepancy is observed for rat blood, and it may
be concluded that even under conditions where pantothenic
acid is believed to be completely destroyed, the final
/9~alanina yields do not reflect accurately the pantothenie
acid content of the materiesls assayed. It would appear,
therefore, that assays for ﬁ-avlanine may give a true
measure of pantothenic acid only when the materials tested
are relatively free from other ﬂ—alenmea. €+ ¢, in con-
centrates of Coenzyme &; PAC, or pantothenic acid phos~
phates. In spite of this limitation, it is believed that
the present assay method will be of value in the concen~
tration end isolation of these conjugates where the con-
Jugates themselves are of unknown purity and & useful re-
ference constituent in these molecules (i. e.,/g~alanine)
is needed. ¥Finally, the present method appears to be
superior to yeast methods rar/g~alan1na because of its
relative insensitivity to®{-amino acids and other consti-

tuents of natural extracts.



/g%&lmaine Content of Various Substances

TABLE II

1l

Beel :

Yeast Rat Liver Beef
?ggzie} extract §1aed axtragt extract
Y /mg. Y/ng. Y/5g. Y/ng. r/mg.
Ouiy5 16 0.83 3uk 11
0uk5 15 0.83 2.6 10
0448 11 0.83 1.0* 1.7
Oukis 11 1.17 0.8* BT
0. 74* 14 1.0 3.0 12.5
0447 11 2.0% 2.9 6* .
0.62 14 1.0 2.7 104
fe;57, 20* 1.0 3.2 11.8
10
9.5
9.0
110.0
Average 0.5050.06 1332 0.9520.09 3.020.23 10.721.0
% Devi=- 12 15 9.5 7.6 9.3

ation

*¥ Rejected
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- TABLE III

/gwﬂianina Analyses and Recoveries

Material ‘/9uAlanine found Recovery
' ng. Ty Y/Ee. %
Beef muscle 6.0 ReT OukS
12.0 5«5 0.46
3Y falentne ¢+ 6.0 6.0 110
3Y flalanine 4+ 12.0 87 110
Rat blood 6.0 0.5 0.83
120 1.0 0.83
3Y /’—»alanina ¥ 6.0 4B 100
3Y fealanine +  12.0 he5 110
Liver extract 0.4 1.2 3.0
(Wilson's 1:20) :
0.8 2.2 2.7
Alkali hydrolyzed ; :
pantothenie acid 0,01 ka5 112
| 0,04  13.7 86

"Alkall hydro-
lyzed" [ -alanine 0.008 7.7 96

0.020 18.0 90
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TABLE IV

P. A+ Content of Hatursl Materials
Assay Organism: L. arablinosus

Material tested Fantoth&nﬁ.a acid content
Before alks ter alka

Rat Blood 0«2
Yeast Extract 300 {1
Beef muscle, fresh : 0«3

Beef extract, Difco : { 1




TABLE V

Comparison of Enzymatic aend Alkaline Hydrolyses of Yeast

' Apparent
Material Treatment /g-alanlaa found
(g_m Eﬁsﬁﬁg’)
— Y/ug.
Yeast Hydrolysis with 1N
NeOH 3uh = 7.0
Yeast Alkaline phosphatase

4+ hydrolysis with 1N
KaOH 1.0
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