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The variebles of caseln hydrolysate in microbiological scsay media

ere removed by th

‘D

use of oure amino acids for the growth reguirement of

L. arahirosus =»nd L. caczel. Detziled studies were made on the minimun

-

numher and quantities of amino acids essential for growth of these organisms.

In using L. aratinosgus it was found that the followirs nire smino scids;
tryntorhane, cystine, glutamic escic, arginine, tyrosine, lcucine, ilso lesucine,
threonine and vulire nroduced a rood

grownth., The nrzctical use of this medium

frr the as:zay of biotin, nicotinic mcid znd pantothenic zzid wac demonstrated
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ngel was nore Tastidious, and

recuired in =ddition to the zbove smine ncids fzetors »>recent in yesst asg

hintin snd felic zcid. On addition of these factors L. cosel gave consistent

results on the ncesy of six factors of B coapler vitemins @s riboflavin, panto-

thenic =scid, nyridoxine, nicotinic =zcid, biotin end folic =2cid., A mixture of

[

211 the smino acids, 2= occuring in cogeln hydrolyesate, is recommended in
order to balance oxidation =nd reduction rezctione betveen paire of amino

-~

2cids because an zhsolute distinction cannot bhe msinizined between H donating

[\

and H acceotinz amino zclds. These =zmino ncids in the suventities shown plus

the ~urine and oyrimi 6‘._ bA thorﬁu nly mixed in = dct'red "moun+

S oy g g g i i i, om0 g P

nays ve stored in amber bottles witlnout aposrent depreciztion. The amount
receszzary for wedia mrenarztlon say be weizhed from this wixture when and »=s
resuired. In the use of this mixzture the verisbles rresent in cacein hydro-

lyeate and yeast supvlerent sre removed and conclistent resulis ore obtained.

S+udies were made on tne effect ol added carbohydrates, such ag mannos

o

2

zalactose, and inositol, as well as nucleic acid and para amino benzolc acid.

The anti vitaain activity of aethione also wias Inveolizated. The medium is

of known chemicel composition znd results are wmore renroduciable and the

-

nrocedure creatly simplified.
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Introduction

Microbislogicel assays for the various fectors of the B complex
vitaming have becone well estsblished. Thecse methods are bacsed on the
es-ential nature of the B couplex factors ac riboflavin, pantothenic

=5id, bistin, nicotinic acid, oyridoxine und folie secia for thue initi-

ation =nd nmrintennnce of zrowth of certsin tyopss of brcteria. Thile
: . . £ L8 .
neny micro-organisms -- bacteria j molds ; fungi ; are able to synthesice

ane or more of these fuctors, there ore a few orgmnisas such as the

lactic acid hacteria, strestococel and others that are unable to grow
unless sn ouvteide sup-ly of ove or more of the B coumplex lsctore are
sdded, This li=s become the busisc for the umicrobiociosicsl seeay of the

B comnley viternins, Lectic weid ba

[

terie  end streptococci  are in

(21
-
-~

oflavin aseay and Proteus morgani lactic =scid

o)

o

cun . .and Lactobscillus aralidinosus

R P o o, T

1€
binstin aspsy, L, arszhinogus is als

. . LI s
ationg =nd facch, cerevisime , Lectobseillug cozel  for pyrideoxine
19 £0
ceeaw,  Streclococcus leetis  arnd L. cosel =re uged in esssy for

S Lo e

folic necid.

Fron the »bove it becomes obwvious thut these wmicrobiologicel =sssays

m

re puserocug with s wide veriety of eulture zedis and ovroceuwures, Although

o

many of the =hove methols have beccme ctundsrd crocedures o asthod which
emnloys = siamnlified hesal medium snd » sinzle test orginism vould be of

grest sdventege. With this in mind the lactie scld bscterie heve Dbeen

investizated =nd L. easel =nd L. srsbinosus have been enployed. Very



satisfactory resulte have been atisined with L. zrabinosus for tle asssy

of pentothenic acid, biotin and nicotinic scid. L. casel, however,

zives the grestest prowlse as the desired test orgonlsa bectuse its

w

. . . : . 4 .
nutritional veculrements include 1iboflsvin , pantothenic scid

£ €
LI

s .9 A T . . . &
ricotinic scid , oyridoxine , blotin  wnd folic ncid .

A study of medis wag mede to devise o gluplitied medium thzt could
be used for the sscsy of the vorious D complex vitamins. In practically
211l the procedures nrotein materisl in the form of cacein, neptore and

verst 18 uged in conjunctlon with certuin emino =cids. Hydrolyzed

’,J-

cacein is = very prominent constituent of meny of the media. Various

-

hydrolysetes of cagein end gelstin heve been used togetrer with *,

w
[SH

arzbinosus L., caogel as test org-nisms.

.

& bresk down of the cszeeln hydrolysete medium of Snell and ¥right

ir their sgesy of ricotinic seid using L. arabincsus vre aade, This

veg done in order to investigsie the constituents essentizl or respon-
sibhle for growth. Their nediur is of the following composition:

A e e R e e e S S e P o S s S i

leid hydrolyzed cnsein -

it e S i T o P e P e e P i e e
0,59 - : i
UK

4

Cystine oo 0.01%
Tryptovhane 000 —emmeeee 0.01%

G

i

ucosge - = 1,0%
Sodium =acetrte —mmeme e 0,67
Adenine e = 10 DD,
Suanine e e 10 pagem,
Uracil mmm e~ 10 DDA,
Thirmine e 0, Dapeiie
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Riboflavin  cmemees Cel punem,

Biotin concentrote e 004 nop,billion of pure concentrate

Inoreznic solts m——— e fTECE
Tryntophane was added by them becnuge of its dectruction on the acid
hydrolyeis of cacein, Oystinc wee sdded becsuse the zmount noturally
nrecent in -~ ¢nreln hydrolyeate iz insufrficient to mcet the sulohur
rerulrements of the teest orgenlon used. Jue constitucnt of the wediwn
was oaitted =1 each trial with the vesults as showr in the graph.

Thus it beecnnce

to the B complex frzctores

zg pantothenic =cld, blotin snd nicotinic scid, this test orgsnism
revuires the amino acide nrecent in ceseln hydroly:ste for growth, There
ig no growth on the omlssion of tryplophane, A smell amount of growth

resgponse is noted on the omission of cy

-
o

tine, This indicetes the presernce

"

ceinn of cowein

=
}’év

of sowe cystine in the casein hydrolysste. The

Q

hydrolyeate recsults in no zrrowth 2nd chove the imporlence of the 2mino

zcide for srovih recsonse,

A e i St i e R
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Inder proper conditiens, cocein hydroly ate could be replzced by a
nizture of nurified anino =cids, compounded to yield like results.

Gladstore (£3) in 1927 in o study of the nutritional resuirements of

Stanh, sureus formuleted o mediun conteining curitied amino scide, with
setisfactory results. The simulerity of Gladetone's mediun to the compo-
sition of.casein nydrnlysete is shovn in T=ble 1.

The smount o cosein hydrolycate cnd codiun hydroxide trected

NS P 16):”-),4,8
oeptone generally recommended is 0.8 per cent .
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TABLE T
Comparison of & one nnlf of one per cent caseln hydrolyzute solution

with Gladstore's mediuva ner 1Q ce.

Amino acids "Sei Amino ecilds
hydrolysate solutin Gladotone's medium
fgs. per 10 cc. HGgs, oer 10 ce.
Nlycine (0,494} 0.2 Glycine 0.1
pleripe (1.8%) 0.9 Alenine d 1 0.4
Serine (0.8¢ Q.28 Zerine d 1 2.2
Valine (7.9%) %.98 Valine & 1 1.6
Teucine ) Leucire ¢ 1 1.0
) 9.7
Isn leucine ) 4_.8E Iso leucine d 1 1.0
Phenylalenine (%.99) 1.28 Phnenylelenine d 1 1.0
| Tyrogine (8.5%) 3.88 Tyrosine 1 0.7
Cratine  (0.32%) 0.15 Cystire 1 0.1
1.1 Tryptophune 1 0.2
. 4.0 Proline 1 1.0
S i e S B S P ; S P s S S R o A el o g, o S P, S el i R 9 i i M v S S i B
Hydroxy‘Proline (0.4%) 0.1 Hydroxy Prol¢re l 0.1
tspartic zcid  (4.1%) 2.0F hepartic =cid 0.5
Glutemic seid (£1.89) 10.9 Glutamic weid 2.5,
Fydroxy glutzmic (10.58%) 5.28 Hydroxy glutemic
Histidine (2.67%) 1.3 Higtidine 1 0.4
Arginine (5.2%) 2.6 tFginine d 0.8
Lysine. (7.8% 2.8 Lysine di BL 4 1 2.0
fethionine (3. 1%) 1.58 Methiondine 4 1 0.8
Aamonie (1,63{.) 0.8 Threonine d 1 ' 0.6
(22)

* Percentege of amino zcld content of casein .



EXPIETARNTAL

The first inveztigations were concerned with the use of various

hydrolysetes. The procedure for the removel of vitmwin factors was
_ . _ .4, 8, 9, 10, 11

carried out according to stancsrd practice . Casein acid
hydrolyente prennred from n vitaemin free cosein®, an enzymstic caseln
hvdrolyvsate®® and acid hydrolyced gelatin were investizotes in the prepar-
stion of stsndurd bucal medie. The enzymztic cosein hydrolysate guve &
nerimum seid production eguivalent to 12.6 ce. of 0.1 N. sodium hydroxide,
The zcid hydrnlyred cesein eqduivelent to 9.2 cc. and gelotin ocid hydro-
lysate equivalent to 7.0 cc. Vzline, tryptophane and hydroxy glutamic
zeid were added to the gelstin nydroly-ete wediunm becuuse they are not
neturslly oresent in zelstin., The amount of glutemic wzg incressed to
the amount present in caceip hydrolysate cc the amount present in
gelatin ie much less than in cesein.

Verying results, however, vere obtained decernding upon the smount

Fal

trent for the removel of trzces of viteanin content snd the

i e Pt g, ”%_m et B L e N

cnnmleteles of hJOTO]Jbl complete hycrol reie of cesein is uﬂrflqut.

In the Norite trestment Tigiluis has reported the zbsorption of amnino
26
zcide =nd nentides by =metiveted chorcoal and carbon . Because of the

incompleteness of hydrolysis, the veriability in the comgosition of the

original cusein, and the loss of amino scids on vitamin removzl, there

[N

s moch uncertsinty of the final zmounts of ezch amino in the hydrolysate,

¥  From: liesesrch Laboratories, S.M.A, Vorporation, Cnagrin falls, Onio.

#%  Froms TLaborstories, sead & Johnson, Ivangville, Indiana,




B

It would aospesr, therefore, that there sre too many verisbles in the
final medium, Any chsncge in gjuentity in each =2mino acid particulsrly
if the amount is lower than the required minimun of the test orgrnisnm
would result in marred varisztions in assay resul ts,

. : tn nseay test showed that the cagein hydrolyszte guve satis-
faetory resulte. However =s strted, it ie¢ difficult to obt=in hydro-
lvectee of unifarm compocition, The next studien were logicelly examin-

eticns for the velue of the amino =zecids vrecent in cwseln hydrolysste,

£

toth =g to the snecific smino scid =nd qusntitlec of euch present.
Lecordingly medin were prepared of nure amino aclias based on the csselin
nydrolysate amino acid content. £ determinstion was mrde of the essen-
tizl amino acids neceszesry to produce end maintsin growth by withholding,
in turn, one of the smino zclds preseut in cogeln nydrolysate. 4s far

2s possible the naturslly occuring optically zctive forms of emino zcids

ns found in cacein vere employed. ¥here it was necessary to use synthetic

el medium wes firet

S o o, 0 A e S e e TSl e ol Pt o e o e e

P

srepered sccording to Table IT.

, In orevious exneriments the need for tryptophane, cysline snd caseln
nydrolysate have been demonstreted, &s no growth occurs on tae omission
of any ane of these conztituents from the medium, The basal medium
(Table II) with all the amino‘aciOs (19) present in the rejuired amounts,
=¢ in casein hydrolysste, gave 2 maximum acid producticon equivalent to

9,8 ce. O,1N NaOH, Results on the withholdinz of one of the amino acids

in turn sre chown on the accompanying graph.

There is practically no growth without tryptophsne (2), cystine

.

(2), glutamic =scid (4) =nd vzline (18) and very little growth without
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TABLE II

Lzectic acid bacteria, L. casel and I, arsbinosus were selected uzs test

org:znisms, These organisms vere selected beccuse of tneir fastidious

nutritional reguirements.

1(-) Tryptophare 0.100 gms.
1(-) Cystine 0.100 gms.
Glucose 10.0 gus.
Sndium fcetate 8,0  gms.

Solm. A% (Inorganic salts) 5.0 ml.

Soln. B* ( " ") 5.0 ml.
Adenine 0.006 gms.
Quanine 0.005 gas.
Uracil 0.005 gms.
Nicotinic scid 0.0001 gnms.
Thismine hydrochloride 0.0001 gns.
Caleivm psntothenate 0.0001 gms.
: Pyridoxine 0.0001 gms.
e i T ey B, o o T P D o T e T e P e i, S P Pl S o e e e B e o s i el e o el el Ml e e e e s
Riboflevin 0.0002 gma.
Biotin (Free acid) 0,0002 gms,
Yeast sunnlemnents* 10,300  ce.
Tater to 1000 cc.

(pH edjusted to 6.8)

#Soln. A #Coln. B
KoHPO 5 mgs. MgS0,4.7HSO0 10 gme.
KH2P04 5 mgs. NaCl 0.5 gms,
Water 80 cc. FeSO4.7820 0.5 gms,

s h Yater 250 cc.

#% The yeast supnlement equivalent to 2.0 gms. of whole sutolyzed yeast.
Yeast wns ndded for studies with L. casel.
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Fxplenation of Graph

1. Pasel medium Table IT comnlete with =211 smino acids =235 in cacein

hydrolysate.
e Qaséi rediun Tatle IT minus 1 - tryptophane
z, " i ‘. r n " 1 - cystine
4, " " " moon 4 - glutamic acid
s, n " n n " d -~ arginine
g, " " n " " 1 - tyrosine
7. n " n moom 1 -~ aspartic acid
] . 114 1" 1" n " l - leuc ine
! Q. " n " w o m 1 . isoleucine
10. n n n n " d 1 - phenyl alanine
1, v oo " mom g1 - eglanine
. 12, 1 " 1 " i d - lysine
] 13, n " ] n " 1 - serine
14, " " " n " 1 - histidine
4“%~wwamm‘%%’“w‘%‘m e m{;s«'w g %"m*‘w Fagin s ?’7% el ;w;m i »;‘ ¥ hr::o ni‘;]v:; o, S o Sy g P T
16. ” " " " " d 1 - VY line
17. u " " " n 1 -~ methenine
1¢. " il " " f 1 - nrolire
10. " 0 " " 1" 1 - hydroxy proline

20, ] " " " " glycine



\ arginine (8), tyrosine (8), aspartic zcid (7), leucine (8), iso

| leveine (9) and threonine (15)., The omiesion of vhenyl alsnine (10),
»lenine (11), lysire (12), methionine (17), cut down =cid production
to = grent extent. Acid production was only lowered to the ezuivalent

£ less than 1 cc, of 2.1 N sodium hydroxide on the omission of

serine (1%), histidine (14), proline (18), hydroxy proline (19) and
glycive (20). This would indicnte thet tryptophzne, cystine, glutamic
ncid, lszoleucire, leucine, valine; arginine, tyrosine, threcnine are

escential for growth of the loctic zeid boacteria. The addition of

\ﬂ

rtic acid, phenyl almnire znd methonine increase acid nroduction.

obtained when zll the amino acids in the

J

Jaximum nroduction of acid is

"m

.

cvantities present in casein hydrolysate sre employed. This holds true

N

only for L. arsbinosus., Practically ecuivnlent results occured when

32 . . .
yeast supplement was added to the madium in the cose of

. casei,

Further irvestig=tiorn of the nutrient recuirements of L, L, eacei

mino necids were carried out using

and L. arebinoDuc for the vericus a

e e AR O e i P ] e

%mmw T A “’”"%W"““" - “zw‘“&mm”% g e “@mww ahwn%awww_&mmmﬂ

individual aminn ecideg in ccn*unétﬂon with the bzsel medium, Many
combinations were tried in this experimentstion. The basal medium
employed it that shown in Table II above. To the tusal medium wes
added one amiro 2cid at = tine to rzcertain which amino scid woula
stimulate growth, and in such 2 menner thnt the resulting medium was
augmented by each cuccessive zddition, To the busal medium wes added

(1) glutamic acid, the next test mediunm weg (1) glutemic plus (2) lysine.

Fach sddition was made in the order aos shown on graph., While threonine

[akal
"(“ - -
is not renorted as = natursl constituent of casgein hydrolysate it is
N . €3 . . P .
an aid in promoting greuter growth, Glzdstone included it in his

amino acid comblpnation, Further it h=zs been found thst on a thorough
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investigation of the hydrolytic productse of cagein, a mixture of the
19 amino acids commonly occuring in vroteins does not permit growth,

or support uniform body weight in rate. On the addition of threonine

to the sbove 12 amino =cids, rate were able to support excellent growth,

P
W

. . . . s ; 38 \
Omiselion of threonine rezulted in 2 losgs of body welpht™ . For thece
receons snd tae [=zet that in previous experimentstions, it had been

found to be indispenstble for zrowth of L. zrabinosus, ve included it

in the investizoticon., Asonrgine wac e2lso ndded beceuse mzny invepstl-

ore hove uged it In conjunction with ascid hydrolyued caseln uediz.

st

No eppsrent growth wes noted until the zdditicn of phenyl-

zlenine (13} to the twelve preceding ccide. 0f the twelve zelds first

nsed no one amine zcld or combiration of the twelve oroduced growth.

Shenylalsnire in combination vwith the first twelve acids produced some

3

growth which wes brousht up to & higheér level by the =ddition of (14)
asnartic 2cid, and still hizher by the =d 1t10n of (17) threonine.

The addition of (15) histidine and (16) hgdroxy—proline catsed little

i 50 e P S, o, ol A e L

e o e e e Yo el gy D i ;w,";'“m_'%},\ g

ireresge in yrowth sdaximum growih we

21l the amino acids tarcugh 17 were sdded., This would indicste that

phenylalanine, asnartic scid, tlireonire and asparagine were growth

s e e %Wm%

ag tl¢1n90 wuén 3 comblnat¢on of

nromoting factors in conjuncticn with one or more of the following smino

neidsy zlutamic scia, lysine, leucine; tyrosire, arginine, glycine,
orolire, methionine, alanine, valine, serine snd isoleucine.

Another grouving of smino scids chows that proline, hydroxy-
aroline snd slanine aid somewhat in growth production.

Four hundred =nd eight combinstions of the v:rious amino aclis

rere run thereafter in triplicste with interesting results. It was
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found that gnod growtn could be attaine

fallowing seven amino zcids in conjuncthi

2ontnins the smino neids, tryptophane a

acide nre gintanic acid, srzinine, tyro
threonine and valine,

Yeaviman growth snd ocld oroductio

of ﬂéthinmlne, agpartic aclid, lysine, e

ation aven amine wcids olus the

~
-

and

n tie basel e

[

trystonhane

d by using a counbination of the
lon with the bzsal medimn (which
The seven amino

and cystine).

gine, leucine, isolsucine,

n wers attained on the widition
na ohenylzlsnine. This coabln-

be3al nediuu, (talrteen with

dium) produced excellent growth,

The omniszion of any one of the 13 acids produced from practically no
zrowth on the omission of tryplophune, cystine, valine, isolsucine,
tnreonine, slutsaic zeid to froa = 15 to a €0 -er cent decrease on the
y = .

amizsion of any of the others. Yesust extract had to be added to the

.
nedim in the case sel to produce satisfactory results,
L. srabinosus did not reruire the ve=sgt sunnlement,

. ¢4
=nd Hutehlnrq

o S e TR

Vialley

que faunu

e e i e

amino acid c¢onrbination consisted of tr

, effective

o, Y e

tn'n fue qxnﬁle

”%wm%w %%%%

yptophnne, glutamic acid, iso-

" lzuecine, lyzine, arginine, tyrosine, cystine and uethionine in the
b
growth and acid production of Streptococcus zymogenes. Clifton  work-
o8 - .
ing with Clostriiium botulinun”” used & combination of alanine, proline,
leucine, serine, slutanic 2cid, lysine, cystine 2nd tryptopnane.
28 ! . . .
"alley™  found thot seven amino -cids, namnely: glutamic acid, trypto-
nhane, isoleucine, lysine, arginine, cystine and tyrosine ore escential

for growth of hemolytic streptococedi.

smino acid resuiremerts of tne laclic

recuirenents of these mlcro-org=:nisms.

a

This would indicste that the
cid bacterias sre similar to the

The simpleszt conbination of
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aMLﬂO scide wors found to consist
leuveine, iscleucine, threonire, vslinre,
Intererting compsrison with the {in:
relide for zrewlh croducticor mey be
Jml the following 10 amino acids

nhenylelanine, leucine,

=rrivine cre ivdianerneable

this combinntion is zufficiert for grow

the remninire aminag ~clids in eocein hyd

Furthernore the

naire of different smino acids ac in th

o

T, 7
Ctickland®

showed tnot

~

The recults of inhese tv

this funectior.
amino =cids sct 2z Hodonrtors: zlunine
cysteine, serine, hlstidine, repertic a
folloving =g Henccentorsa:
srainine, £lsc shoved that

slonive gives riuc

ot

is reduced by l-alerine

to vroduce delts amino veleric seld plug

28 .
“ethiorine™ hag been reported to

srovth due to its onti-blotin fctivity.

of gluteimic acld, argi

ieolaucine, thr

hydrelysete moy =id to helance oxidstior

tryptophine and cys

37

of Tosge on esgen

hane, bi
conine, methionine,
e grovir:

3

th of the lactic =c

I,,.‘lur'fc cen be =44

PP R, 4y e
UG TeauCuLon rea

e ~tickl ana reaction

spensions of Cleostr

It wacs

animel.

inine, tyrosine,

tial znino
feund
stidine,

veline snd
Although
id bacteris,

ed without

ctions between

icdium sporo-

continued

0 worEers show thast

, vuline, leucine,

cid, and glut=mic

recction betveen

le seld, €0, =»
r

in the nresence of

oyruvie seid ana

be s anti-vitewin

A serier of testle

zlyeine nnd

&
re
i o P M S

-

the study of
tne following
ohenylelunine,

cid; =nd the

aroline, hycdroxj-proline znd

+

C. snorogenes

HH, .
)
wnich inhibits

VEer'e run



omitting meth

tyrosine, cap

threorine, tryntonhane

however, thet
tventyLour he

. . s
LT DromoTing

growth of L, 2

erowth.

ionine

from

the

~15.

nixture of glutsaie zcid, srginine,

artlic =ncid, leucine, lsoleucine, phenyl alsnine, lysine,

wille

=5 than 50 wer cent nu

aethi

urs, in the

mewimum

Dare wmnid

it

tiol for btzct

eris]

inosus

ntino btenvolce

the wratelr molecule o

Tnosite

atimulsation,

Exnerinen

1, (Bios

Tt ie
21

£ gms, ner 1000 cc.

ert rosults.

inositnl was

5o bosasl

hoetion u

SN

next tried;

sing

znd cystine, The mzximun growtn attainsable wpas

the omizeior of methionine, It has heen found,

orire mzy reterd growln «t lesst for the first

cnse

rovih.

vhicn

seLa

e

srowlh

nmino

of 1

I), wsy

hetarice necesgary lor the normel

5

aqgino @

mznnose, plus

of lactic acid brcterin, it =ids greatly

It did not =zppecr to srestly hinder the

chown Lo resuvire biotin for

"

nar been reosorted oo & weteholite essen-

No cpprecieble effecl on growtn wae noted
N

bhenrolc acid to the tedliwya oif zmino seid

setde seid bocteris.

fied nroteins hsve been shown to yleld varinus amounts

of one molecule of

=il

=leo be of interest for peceterizl growth

wrocuctior of

¢
i
Py

lucose 10 zag., rannole & gms. 2nd galactose

aming zeoid mediun vas tried with

cio medliur contsining 10 gas. of

n

wmg. of z2lectoze, olus & gzms. of

medis cont=ining 10 gms, glucose and & gms.
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of mannose; 10 rms, zlucose nlus & gne. of gelactoge; snd 10 zae.

glucoge plus & ¢ms. of inositol with no aoprreut growth incresse,

A1 tnis would indicete that sdded corbohydrsate:s are not essentiszl

for the stimulsticn of grovth snd wcid production of the lactic seid

haeterise, Thege carbohydrites were cdded to zscertzin tneir efflect

r

. . . . . . e . 58
o growtn end scid rroduction in the medis, Corbohydretes™ hzve been

renortet to have 4 sgering action on alontion of protein,

in some cguees the

rezence oi glucoce hes 1ittle or uo effect upon
mctusl deanivation by csshed sugrensziovs grown in o tryptic digest of

cosein, In sewe inctrrces 1t hee beern recorted that corbonydrites have

o

~

cosite eflect, thot In plece of

crocuct.on oi amonhie
Tirest, it incresses NHz groduclion cud enchlss the bocteric
‘ L

Gt . . N
to vtilire nore rrotein ~. Desmirctlon sna decsirboxyletion sre due to

not derevdert upon cerbonydrite content.

¥anthine weoe sdded to the pinture 2s = rersult of the findinge of

%5
Snell & Mitchell T,

e e e

&, =denine, cusnine,

s o, e T o

.

substance

frr the lectic ncid hecterlc, Asoorogine weg sleo added, Fenny end
24 h . o P G oeereatellv
Strove found tost 1t weg an 2id in accelersling growtn esceclelly in

the evrlicr nort of the incubrtisn veriod.

Le n recult of the

seid recuirenert ztudleg, it was possible

to formulste for tne accay mediuwn, the amounte of ench cwmind w=cid loat

imwn zrovth resulte, & stock minture of tue zmino sclce in tuelr
raturally occurirz optical forms (wiere receslved forme sre uced the

snount ie doubled), plus adenine, uanine, urscil, xanthine, agparagine,

wne thorourily mived snd orepsred in provcortione cccording to Teble TIT.
- bt 2 2 . "

i



TLBLE ITI

Maanine 2,085 za
Urac:l Q.000 gne,
Yanthine D.00E

Tryptopnune 1- £.500 gme

- L]
fsnararine L.250 was,
; Glutamic =cid dt 5,480 gms,

, Argirine monohydrochloride 1} 1.%00 gas,

”

hsrertic acid d 1 2.080 gms.
Teucine 1~ 1.200 gms.

T

lsolevcine d 1 ¢.400 gus.

: Phenylclanine ¢ 1 1.880

T o o e P v o e S

Zms.,
N,
Threonire d 1 2,780 gnma.
Valire d 1l E.O8) zms.
Methionire a1 1.5E0 gms.
Prolire 1 - 2,000 gme.
Hydréxy prolire 1 - 3.080
Glveire 0,100 gms,
Glutsamic scid monohyarate d 1 2.625 gus.
Tyrogine 1- _1.60F gms,

Totel 37 .00 gas,.
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This combirnaticn of saino acids produced the best results on vitamin
areaye. The ctock mixiture hee heer xedt securely czoped in zn 2ther
hottle for several months without =2ny soparent denrecietion. This

amount in the proportions numed Is suffleient to sroauce g500 ce. of
double strength =mino =cid beeal medium, The bzgal nedium 15 orepered
=g follows:

paine zcidé mixture 7410 gme,

Glucose 10,000 ;me,

Rodium acetste 10.9300 aus.

Salt Sal. A% F.000 ce.

Sz1t Sol, Bemt £.000 cc.

Yater to 1,000 cc.

b pH adjusted to 8.8

*The inorganic eslt solutdons are the szue #g rrevicusly
renorted.

2te the medium the vitsaln constituents were sdded in the

Sl s S e T P e o D o e el S e e e e e D ot g el et e el e i e B RS R e i L, S

fallowirs smounte ner 100 cce.:

S+ack Solution comng per 100 ce.

Riboflevin (100 zemma/cc. in 0,80 zcetle =eid) 0.2 ce. or 20 gumme

Cr. rantothenate ( " in water ) 0.1 ce. or 10 M
r

Hieot

B

e

¢ zcidc  ( " " " ) 0.1 cc. or 10 M
Thiemine HC1 ( n " " ) 0.1 ce, or 10 T
Pyridaxine ( n n " ) 0.1 ce. or 10 M
Piotin (0.2 gamms/cc. " ) 0.8 ce, or Q.04 M

The bazeel nedium gave ezcellent results on scicd production with

L. srebinosus but not with L. casei, Using this wedium and omitting
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one of the vitemin constituents in turn, it wes found that in using

L. arabinosus =5 the test orgenlsn no zrowth occurs on the omission

P al

of nicotinic =clid or biotin. Some srowth swsc noted on the omission

nf erlcium puntothenste. IU shove clesrly thet L. arubinosus does

net rejuire ribollavin, oyridoxine «nd thismine., This mediun was

1

used with zond results for the usesay of nicotinic weic s»nd bLiotin,

The failure to estoblish growtn with L. cnsel clearly shows that
sone coustituent or constituente for zrovth is lacking. For tae
purpcse of invesiigretion various subsi=nces were usea in conjunction
vith the bossl medium. Nucleic scid was sdued to tie medium with the
thought in wind thst it mizht sgupply the renulrew sctor s a carbo-

hydrete or s lacking purine or oyrimicine bezse. Ieagt supnlements

L . . . - I &8
were sdded to the medium 5 orenared by Strong, Feeny snd Zarl . In
- i Sy X

1.
!

he addition of the Ctrong and Curpenter's yoast supplement (eguival-

o+

erlt to £0 mgs. of whole sutolyren yeast per 10 ce.) the above medium

y
P

g acid. produetion.
% B ’ e

I}
S 0 P e e e, S S e e e o e o e o S

i

4]

This will give practically o synthetic usdium of <nown chemical

composition for wmicrobiolozical assay. The reolaceweri of the yesst

suonlement by o factor of wmown cowposition would zive an entlrely
synthetlic mediun of chemicolly defineda compositlon,

&7
/\J..

Snell +nd Peters found that L, csgel resuired two separszte

factorg for growth obtained from vesst extructl by »bsorption on Norit
A, They termed these factore the "filtrate! anq "eluate" fractions.
~ 20 N .
Landy =nd Dicken® report biotin cs a growth fzctor essentisl

» . : 31
for L. cesei. They employed the baeal wediwr of Snell and Peterson

modified by the replzcement of the Morit cluate fraction with [olic
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excess. They
froction and produce

znount of blotin used by

w
o

port neximum growth.

folic acid =5 2 factor stimulating

sursested the use ol folic zeid

found that biotin would repluce
enuivalent growth.
Snell and

ditchell,

*nd biotin irn

the {iltrate

They also found thet the
54
Peterson nsufficient to

K9

.+ Q0

wag8

Snell and viillizmes  zlso report
growth for L. cssei. These findinge

nlace of the yenst

Ll

extract as a growth factor for L. casel., The formulz of the comnlete
medium i1s ziven in Table IV. Best resulte are obtuined with thils
nediuvn when frecsnly orensred. Heoting on = steam bath for a2 short
period =ids in the solution of the amino acids. This should be done
before the addition of the vitemins, A slisht sedizentctlion znd
turbidity mesy resain which cen eunsily be removed by [iltraztion. The

-

amount of zlucose and sodium acet

Enell =nd Strong medium, These

vitamin solutions should be fresh

e s s R PR Bt enide b erisediererusedo e s 88 i

srd amino scids were obteined fra

kindly sunplied by R. J. Willicms

hiolo For =ny one e

oa

to growth and =zcid nroduction wase
1
to the amount of vitemin supplied

amin, the vitemin under test is

bzsel medium previcu

is renuired

saountes

nrocedures are pru

omitted from the bassl medium,

for ecch culture tuhe.

=te (29) iv

double that used in the

zive better resulis, A1l

1y prepared. (U.S,P,Reference)

sThe-obber vidanlng oo e
1 Merck ond Company, Folic acid was

, Deportment of Chemistry, University
ctically the g=me esg¢ in other micro-
sgential vitemin a cvuantitative resnonse
found to be consistently proportional

. In msking the assay

The

sly wentioned ig of double sirengtn =nd only & cc.

cre carried out in B/8 x 6

Agueye
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TABLE IV
7.480

Comolete 'fedium
10.0

cid mivture (Table III)
10.000 gns.
5.0 CC.
ce.

Amino

S hcose

Sodiun fcetate
%81t Soaln, A
S21t Soln. B
Riboflavin (120 gaana/cc. in 0.2 acetic acid)
Rintin (Free =cid) 0.5 zrame/ce. in Tater 10.0 cc.
Jal. Pantothenate (100 zamna/ce.) 2.0 cc.
Nieotinie acid (100 gammsz/ce.) 2.0 ce,
Soln. Pyridoxine (100 ganna/cc.) 4.0 ce.
Soln. Thirmine (109 gamaalce.) 1.0 ce.
Soln. Folic =eid (10 guamme/cc.) 1.0 cec.
Mo ter to 500 ce.
nH zdjusted to 8.8
o g e e g, P g o o o B,

Distill

i R
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inch cultuare tubes. Duplicate tubes are set up in the ranze of concen-
tration required as stenderd, Concentrations of the vitamin in juestion
in amounts to meet the raguired rsnge sre added to the culture tubes and
brought to s volune of 5 ce., with distilled water. (The solution must be
of such a concentrotion th~t the hichest reguired asount will be conteined
in no more taan 5 ce.) Five cec. of baszl medium is then added to each
tube to bring tne total volume to 10 ce. In like m=nner solutions of the

s=mnle under test are nrensired., The tubes are plugred with cotton and

ite R}

-

ssure for 15 minutes. After cooling tney

U‘

sterilized st fifteen noundis ore
»re olanted with a suspension of L. casel and incubsted at 57°C, for 7¢
hours, After incubation the zcid vproduction is determined by titrstion
with 0.1 N. ¥eQH, Valuse obtzined with the stendard solutions are set
up in s standard curve from which the vitsmin content of any dilution of
sample may be caleulatad

The stock culture is carried in yeast dextrose agar stabs. The

.

orizinal cultures ware obt-ined from ths #merican Type Culture Collection

g

wﬁm‘ern mm%%@xm%%&wm% oy e o g

‘Sz: S S, P Sy i e ey
of the ueorJetnwn Univarvit v ledica Scnaol ““The “cultures =
used were I, arabinosus 8014 and L. 2nsel 7489, The yeast ajar stsbs are

nrepared and kent mcrording to the method of Snell & Strongg. In place

of vlantinz into yeast dextrose broth or the bagal nedium of cnell &
Strong, olanbinzs sre mrde in tze basal synthetle medium (Table IV)., 1In
this wzy there can be no carry over of zny traces of vitemin content from
veast or cazein hydrolyszte to interfere with the assay. After 24 hour
inmb=tion this culture ig wtrifuzed, the supernatant liquid is decanted
:nd then resuspended in 10 cc. of 0.85 per ceut sodiun chloride solution,

Ane tenth ce. of this suspension is used for seeding of the assay tubes

=nd culture tubes under test. The bhasal nedium used for seeding should



ke fresnly preo=red in order to obtuin aszimun results., In order to

insure the notency and ta prevent spoiln-e the biotin =2nd the folic acid

ar

4]

dissnlved in sterile distilled water in the concentratisns numed,

¢

end ofeptically transfered to 10 ce. ansules. These amoules are then
senled and usged as ocension arises. Care should be exercised in the
storsye =nd =tuent of the vitoain solutions, especially riboflavin,
Therz should be no undue excosure to lisht for any length of time. £11
the vitamin test solutinns should be frecusutly renlaced in order to

maintain their ootency wnd to orevent decomnosition.

Standard curves Dor nicotinic zeid, blotin and calcium psntothenate

result usinz L, ar=binosus =zccording to the following graphs.
The fallowine standard srophs resulted for riboflavin, Czlcium

pnentothenste, biotin, nicotinic acid, syridoxine aand folic acid, when

cagel wrs used 22 the test organism,

Tha vitanin content of severszl products of the Vheztazain Divicion,

e

i g

ults were weLT in qgreement with otaer pst blished nicro-

-y
'-o-
vl
,..J
2
0
i
0
o
H
]
¥
e
D
0
oF
3
o
3
o
(o]
t_"'
2
g
o
Lo}
f.l
o
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47]
%
<

methods, A more linear curve
anpenred to result from tie uce of tolsz method. In soue caces perifesct
hlanks were nn* obtainad; however, blanizs esuivalent to only 1.0 ce. of
7,1 ¥ scid will not greatly interfere with scrurate usasay deteruinations,
The praducts tested were 21l wzter soluble and in free foram. Froducts
in which the viteming are in comblned form would recuire special hydro-

C lysig wrevious to microblolozical ussay.

, The following yrapas, indizste thot tne procedure 1o adantuble

and aracticsl for =esay oroducts of this unature.
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DISCUSSION
The amino =cids essential for growth and acid production of the

lactic acid hacterin have baen demonstrated tnrough careful study. It

ay

has been ghovn tnat the smino scids, in tae c>thn4t-on and guantities

shovi, are more efficient than the rogulur hydrolysates of casein

1

[N

ical assays. Deleralnations were nsde by a detelled nrocess

microhiolos

20 addition =nd elimirstion. More thon five hundred comblzations of the
zmino selds hove been Investirated, The simolest conbination thst will

sradiuce = anod growth concists of the following: 9 anino azids;

c+
put

stovline, cystlie, slutanic acid, valine, tyrosine, tneonine, leucine,

ienlencine and arzinine. AGrester acid mroduction and higher growth

)

levels are atbeined hy the use of all the z2uino

jo}
(¢}
fure
-~
mn

gnown 1n Table III.
No resultant growth occurs on the omlssion of any one of tne

followine amino nclds; tryotoohene, cystine, ~slutsmic =cid or valine, ind

surrects

he nosegibility of mierabiolozizal detection zna deteraination

af these acids

e

A AT FiRe T TAVIA, Byridoxing, ™
and folie =acid hed very 1ittle effect upnon tne growth =2nd zcid nroduction

»

of L, srahinogug, while the omigsion of nicotinic =cid, pautothenic acid

snd hindin resulted ir no growth., The onizsion of sny one »f these six
factars above resulted in no growth response for L. cusel. This would

indicate thet L. zrabinosus does noi resuire rivoflavin, nyridoxine or

folic rcid but thot L, casel does resuirs all six of the vitamin factors
ag riboflavin, ventothenic scid, bintin, nicotinic acid, pyridoxine and

falic neid,




hi%]
]

No resulte were obt:inable in the cage of thiamine. A microbiologiczl

aseay of this factor is difficult due to the foct that it is easily destroyed
znd w11l not :tend autoclaving =t 15 pounds pressure for 15 minutes.. issay
of this factor may be readily accompliched by nectrophotonetric messure-

ments ueing the thiochrone method with the adavstetion of the Hennegsey and

Cerecedo 2rocedure,
treceding rronhs show that orovwth snd =ecid aroduction are sronortion=l
tn the concentreotion of the vitawmin under test. The amount of vitomin

necessary far

vurics wibn each vitzain, Only very ninute amounts
sre resulred in each esge and tne tests are very sensitive, Parallel -
zosericon with recsults of otaer ﬂefhods ol the vitamin assays for tie
various fuctors now in use sare in close agreément. £oslizht veristion 1in
tie extrene upoer =nd lower wsrte of the curve nay occur; however, that
portion of the curve whnich 18 linesr 1@ r<llsble und only zun be used for
the ocsleulstion of sasay values, In the exoeriunentstion througnout this

S

vere ran in trionliczte in order to obtzin reliable checks,
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tried., In some instences it #ave promise tral 1t could be usea but results
were not entirely satisfzctory when used in coabinztion with the oroposed
mediun, L. cngel gave by fer the most sutlsfactory results. L. arsbinnsus
22 only he used for three of these f=ctors.

The srocedure has been sreatly simnlified by the use of the anino

seid comhinetion, The time 2nd effort resnired for the hydrolyootion of

k)

casein hao been removed ond the results are more couctistent. The use of
the yesst cunnlement zlso hs been done ~wsy with. While we have no

firures on the cost differentizl, the exgense incurred should not greatly
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CONCLUZIQON
been ~rnduced consisting »f entirely xnowvn chemiesl

A medium har-

aammosition.  The orocedure nns been grestly simolified by the uce of

tae nremixiure of amino occids =nd obher reauired conpounds. L, casel

may he uged for the six vitsmin assays. hHesulls -re aore accurste
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