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tenperatures by controllins pii, ionic strongith, ond protein
concentraticn. The erystelline toxir conteined 15.7 nitrozen, 0,06
phosphorus and 1.0L% svlfur. It hod en iscclectric point of 5.1 and o

tnits. It hod a purity of 66 X C

sedinentation con
iouse MLD/mg T and 1ts amiro acid composition, determined nmicrobiologically,

of 13 amiro acids. Its minimum rmolccular weight was ebout 68,000.
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The protein nature of the touin has since been confirmed in two other
laboratories (Turpir ond Reyraud, 1959; Lorgier, 1956) and no difference

=)

wvas fourd bpetween the toxins produced Trom ©wo strains Clostricium tetani

which differed both morpnolosically and pnysiologically.

Prograss in the study of the rutrition of C. teteari in relation to

the production of tetanus toxin nos been harnered LY the foilwr= to produce
it except on a chendcesllyr urdtolined rediinne,  A1so the torin is relativelr
1048) and very difficult to asscy. [wnufacturers
of tetarus touwin rust teke special nrensutions te 2veid boti the loss of

a0 do

the strain as well as the mutation cf the crponisn to o non=toxigenic straine.

Llost of the sirmificant contribntions vhich heve been nade during the
nl L

last 22 years with roferernce to the nubrition of the crganisn and toxin

production were nade by the late Dr. J. . Jueller and co-vorkers o%

7 ) = - - KN N D e TV e - A Al e o -
Jueller et 2l., 10W3; Feenc) 0le, 10430, 10L3M; Tisek et ol., 19545 1dllce:

lerge supplics of tetorus tovold fov imiunizotlon purposcs.  The peptere
cdia ot thot tine wvas hlaneld Tor wuierous allergic
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15 workers. Clifton (1942)
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concentrated on the utilization of anino acids end relzted compounds by
the or-anisn. Lerner ond Luv2ller (15&9) were especially interested in

the utilization of glutamine. Lerrer and Pickett (1945), Prevot and Boorsra

(106h1), Tasman ond Pondnen (1041) and lartinez and Rittenberg (1059)

S8

reported on glucosc atilizetion by C. tetani. Kaufman and Husphries (1958)

devised a cherizolly dofined vediwn which they Tound wrould incensistently

support crowth of C. tetani.
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a spray reagent coiposed o

£ 200 ng ninhydrin in 100 ml acetone and & heat

treatnent of about two minutes at about 20 C. The identity of the compounds

was based primarily on the reclative

@)

positions of known and unknown compounds

wvhich were chronelographed at the sarme tiwe under identical conditions.






IV. EXPERIMENTAL

A+ Variebility of Toxin Yields with a Mediu
I'ormulated by Mueller and lMiller

In the large scale production of tetanus toxoid, the medium used
at the Michigan Department of Health and widely throughout the world
for the cultivation of the tetanus organism is the one proposed in 1954
by Mueller and Miller. The formula for this medium is shown in Table 1.

The problem of veriablility in yields of toxin from this medium is
well known to commercial producers of tetanus toxecid. The data given in
Table 2 illustrate this veriation in the potency of eight consecutive
large scale lots of tetanus toxin.

In the production of these lots, six, thirty-five liter stainless
steel kettles were used for cach. Such results are typical of lots
produced either in stainless stecl kettles or in pyrex animel jars.

vwdization of the liedium
a by lueller and Millex

. M’t(‘: d
Formulate

Mueller and ¥iller's forrmula ccntained two components of unknown and
variable composition which could causc significant variations in the yields

of toxin. Since it was desired to study the metabolism of Clostridium tetani

in relation to tetanus toxin production, the first goal of the study was to

develop a standard method of cultivation.
The relatively recent innovation ¢f growing the organism in a cellophane

bag (Figure 1) was found to be undesirable because cf easy contairination and

volune changes.
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Table 2. Potencies of eight large scale lots of tetanus toxin
produced iu the medium of veller and Miller (1954)

Lot MLD¥ /11 T.D.¥ /i1l L% /rl ml harvested
1 300,000 250 Ly 145,800
2 450,000 300 60 123,000
3 150,000 200 b1 145,000
L 150,000 300 h5 148,000
5 350,000 250 W7 123,100
6 200,000 350 L7 127,500
7 300,000 300 L7 150,300
8 300,000 300 L5 142,900

*¥ID = minincl lethal dose; T.D. = test dose; LT = floccu-
leting uvnit of toxin.
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| — 5400 nl mediun made up
as per six liters

l«—— Glass Jar

2/

Fig. 1. Dialysis apparatus
using a cellophane bag.
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2. Use of cellophane tubin

Another methcd (Figure 2) using ccllophane tubing instead of a sheet
of cellophane gave high IMID values without contawination but the volume
of the toxin inside the tubing decreased from 680 =l to 156 ml during a
12-day incubation period. The difficulty of measuring volume changes
in such ar arrargewent without disturbing the culture remeined a probleri.

sl 3

3. Use of predialyzed mediun

o

Since the orgenism could grow end produce good yields of toxin using
only dialyzable nmateriels, the possibility of growing the organism in
predislyzed medivm weas investigated. This would eliminate the errors of
volume changes during the growth of the organiswm. Then the medium (complete
except for sugar and viteming) was dialvzed at 0-5 € at a sixfold concen-
tration ageinst an ecual volume of physiological saline which was exchanged
for fresh salire the following doy, inefficlent diclysis resulted unless
the bag was rotated ot & slov speed. i.ouse MID values of 400,000 to
600,000 per ml were obtaired on the culture filtrates when the orgenisn
was grovn in predialyzed medium but beceusz The rctating cellophene bags
ruptured easily, it was decided to dialyze only the tiyo corplex components in

o

. 1
the mediun--NZ casc™ and beef heart infusioiis

b, 3Standardization ard zmino acid composition of 17 case

a. Tracticonal diclysis and testirg of Tractions

Craig and Wing (1053) were oble to froctionate corplex mixtures of

(S04

amino acids ard peptides by ainlysis. Resulids of prelindnary experinents

indicated that 1'% casc could be fractionzted using this privciple and thet

the dialysis of = 6" cnse scluvicn gove the preatest dry welght ylelds
Pencreatic dicest cf -cusciln prodvced b choffield Faris Co.,
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Closs tube

(}~h__-_““‘— Cotton hetween tuo

layers »f zauze

— Cellophane tubing

/_ Madiunm for six ]i‘CG'T's
,,///,//””_“ 560 m1 physiolo: ieal
szline plus iavculum

-

L y

Fiz. 2. Dialysis apparatus using
cellophane tubing.
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Table 3. Awroun

¢, Iiv, case dialyzed

N

» 14 cese :
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NZ case Dialyzed (%)
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40 |-

20 |-
| | | | B
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Dialysis Time (hours)

Fi’. 3. The rate of ¢lulysis of a 6%
NZ case solution in a 0.1 N acetic acid system.
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contaired unfractionatad Iy zzsce. Frorm these tests it wes concludad that

experiments as o r2cult of the lnovladge gainad fron

fron experiments in which two lots of 1%

production of toxin. Toble b

stimulate greater yieldas ol tox

Lot 70D13 was the lot chosen

e monnTacturer

S de- N <7 1
nitrosen volue

of abonut 12.7. and av

T

Only orc srovn of ilnvestisaotors hos triaed to ficetionate I casc Lo

into navtral, acidic, (0o

by awenosraphic studies.
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Table L. Variability in the yield of tetonus toxin
from two lots of ITZ case

HZ case Liters of
Experiment 1ot toxin harvested | MLD¥/ml | T.D.¥/ml
1 70D13 20.2 350,000 300
1 O0F3 20.8 100,000 <100
2 TOD13 8.7 400,000 300
2 003 1.5 150,000 150
*¥ID = mirniral lethal dose; T.D. = test Gosc.
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sample, 0.5 11 was pipetted irntc a wetched sev of phactoneter tubes wnd
the ninhydwrin cclor developed =ccording to the procedure of loore and

stein (1°h8) with modificrtions «s suggested by Dr. Selrs L. Dandenc:

In the standuordizatior cf the precedurc color development of kuown
pirhydrin reagent under the

crnino acids vas

sare conditions <he cluvates. The wodified

a

was used as an antionicont in the reagent was purchased from ITutritional

Biorheniczle Corporavicn™, 3tornderd curves werce prepored for cocch of the

s din the {iltrates usir

1ol wixivre as e ciluernt and

lotting cpticel densitvy units ot the eppropriate wavelength agelinst
Qiffcrert corncentrations of wmino aeld. IFron tiesce standard curves, it
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Table 5. Reference table expressing optical cde
ecuivalent to 0.01 i of amino acid in three

) cf diluen

Amino zcid 5.0 10.0
Aspartic acide o o o o o o & 320 188
Threcnine o o o o o o o o o 320 193
SCI'INE v+ o o o o & o o o o 430 252
Glutanic acid o « o« o« o o 31h 187
Valine o o o o o o o o o o o 363 209
Methionine « o o« o « o o o & 322 195
Iscleucing o o o o o o o o « 359 206
TeucinNe « o o o o o« o o o 359 208
TyroSINe o o o o o o o o o o 254 146
Phenylalanine +« o« v o o o & 267 156

(&)
N
N

Glycine « « o ¢« o o o &+ o 607

A1201I0€ ¢ e 0 e v e e e e e 6oL 405
Polife o o o o o « o « o & 10¢ 6<
Arzinine® o v 0 0 0 e e e . oT7h 134
TOUTINEG o o s o o o o o o o 376 2108
Tictidine® ¢ . v e v e e oo 202 167
Lysine* o o we o o o o o o o 201 210

M - B o,
¥Calculated as free
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photometer tubes 150 K10 um were colibrated to Lioore and

o
O
O
e
)
(@7}
e
i
i

Stein (194%8) uvsing o metlyl red solution iw 0.03 i HCL so that a veading
of 0.655 + 0.005 was obtained ou the op
525 mu against water set ot zero. The sample tubes were read on the
Colenan Junior spectropictoumeter, uodel GA, ot 570 mu except for prcline
ond hydroxyproline which were read at 4O mu. The blanks were read against

o reference tube of the diluei:t. The blank tube with the middle value as

cese for wnino acld content, the 17 case was

hydrolyzed by the procedure recormeaded by Dr. Solma L. Barderer. 1In

g prceedure 50 ml of 20, UCL wrerc added wo 2.5 g IZ case in 2 125 nl

prossue Tor sin hours.  The natericl wes ther cvoiporated to duyiess on

2 glean both. 1o rosldvs TS Tovred to & 100 =1 bosgker vith 50 wl
Jistilled water ooc toler Lo dorress o oA stean both. Yhe Ccesidue ves
resuspnrded tuce vowe 10 U0 1 digiillod vwater ol oooin Galern Lo ¢ryiioss
choooosuers. botll.e i oooidvs s oy Uorrslovrod v Cilstilled
woter wo oo 5O ol veln o o oTlecit cnd ailuocd Lo e Tis solution

A B = I TN I SR A .3 - - B IR
Loomse g < S0 Lo Suwberlite tesip colurn Lo anclirrsis.

/ e LT, | b [N . [P I - e S g e / LA EalE L
CT ecach 1.0 11 eoopls coll noed, 9.5 10 wos crolysed vsins 1.0 1 ol thco

Vinydnin rerce .
vingydin rercel
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composition of HZ case by the
chiroumatogrephic method of Loore et . (1958)

.nino ecid Mitrogen in NWitrogea in
Aninc acid in 11Z case aiiine acid 17, case

mg,/100 ng 1mg5/100 mg i25,/100 ng;

Serine e 13.3% 0.656
Gluteric ecid 12,64 c.52 1.270

Llanine 1.08 15.72 0.308
Jaline 5.81 31.S6 0.6¢8
bethionine 1.56 0.3C 0.1h7
Isoleucire .35 10.68 0.358
Levcine 5.68 10,68 0.025
Tvrogine 5.038 T3 0.238
Phenylalanine l..20 C.hE 0.356
Arcivipe 10,6k 52415 3.51h20
Histidine 7.50 20.05 1.530
Lysine 11.56 15,34 1.772

T0TAL 1140 16.11h
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sinece & raruirere

moleculazr 1

A

into twenty-five cellophanc tubes, cac

1 of which was irmersed in 3,000 nl
of distilled water within a €23 I 102 mw pyrex tuvhe. The lower cend o

cellophane tube was ticd with »ubber bands and

12 opern cnd oFf the

end rangzge which was 2]ao ti=d to the tube with strinc. The tudes were

at b ¢ The dinlimobes weve poolied and {lspernsed

Hhottles so that zanh Loull

€2.2 mr or the dvr weight of conds teef vhich is recuired for 75 nl
the veounl arovnt of culbure meddiv i one Tubhe.  This standordized lediunm

A Al A I o~
2etory ewhstlitute o

infusion used in ihe toris pwo

(1)







Table 3. Cowmparison cf crude tc dialyzed beel heart

irfusion in toxin proeduction

BB/ 11 Li¥* /il

Crude beel healt 1,100,000 L5.1

Dialyzed beel hesary infusion** 1,500,000 L3.75
Crude beef heert broth*¥* 2,000,000 54.S
Dislvzed beef heart broth¥¥¥ 2,500,000 5h.0

[©]

¥ID = rininal levhel doscs = Tloceculeating unit of toiin.
*¥Tg-vested alfter O days at
e

KT +

)

T~ P BN o B A
Tarvested alter O days






Teble 9. Iifect of beef heext preporaticus
upon tetanus toxin production

LID*

B ate

Deef h=art broth dizlyz

jon-dialyzed beel hecrt broth

=4

Crude beef heart brotlh

500,000
700,000

500,000

¥ ID = minimel lethzl dose.

Cultures

C plus ¢ days ot O-4 C.
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ied ausino occids contributed by purified
usion to the toxin production mediun

Concentration in Concentration in
Lnine ecid puriivicd deel heart touin mediurn
infusion

. la) o) — ~

cerine €560 [+13¢
5 N

Gluteric acid 1.500 l.132

’ :(\) ~ ~)

D.50h Joloh







Table 11l. Yield cf toxic from the
by tws filtration method

S

anre culture

Type of filtew

Mouse MILD¥ /m1

Seitz (asbestcos) 100,000
Seitz (asbestos) < 100,000
Seitz (asbectos) < 100,000
Sinteved glass 1,000,000
Sintered glasc 1,000,000
Sintered (lass 1,000,000

*¥ID = wininal lethel dose.
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Teble

12.

at various intervals upon tocxin procduction

Iffect of different anouvnts of pernicillin added

Average MID¥*/rrl value witn units

Incubation] Optical i
tine density* penicillin G/1l culture
(550 mu)| O unit! | 1 unit | 10 units| 100 uwnite] 1000 uniis
hr
2 0.23 10} 80,000 | 80,000 70,000 10,000
L8 0.4 <100 | 300,000 | 300,000 | 100,000 100,000
7° 0.h7 50,000 | 300,000 | 300,200 | 300,000 200,000
°6 2.36 200,000 | 200,000 | 200,000 | 200,000 200,000

¥Optical density of the culture determined just prior tco

additicn of penicillin G.

*¥%¥.TD = ninimal lethel dose.






Table 13. Effect of an optimal amount of penicillin
at various intervals upon toxin yield

Average MLD** /m1
Incubation Optical Penicillin G per ml culture
‘time density* 0 units 10 units
(530 )

hr
0 0.135
17.5 0.239 100 50,000
41.5 0.43 10,000 200,000
65.5 0.538 600,000 700,000
89.5 0.368 700,000 400,000

*0Optical density of the culture determined just prior to
addition of penicillin G.
*¥MID = minimel lethal dose.
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Teblc 1lh. Cuantitative ana
L

ir. the standard rned

h

free anino acids
atograpnic technicue

®

N
-
i
3
)
by

L

b

Couzcentration of free awmino acld per analysis
lio. 1 i 3

=
}—'-
B
)
I
@]
'—l.
o
*

=
:
<
=
Q
O
I

i L;/]_OO \L'.A‘.]_ :‘ES//lOO

. - -
Threcnino 20 sl 31 24
oy . [}
Serine 20 32 2@ 30
) n . I
1lute 2C 32 2¢ 20

Volire o 2 50 ol
) - - -
o 2 20 22
ors! ~ 2 20 20
U= ) o <
. - ~
Leuveine =0 120 13k

Tyrosing ) ol a1 93

7o &t T 72

110 o 123

Histidine =9 2on 25

Cooinive T ot %
*¥Cvegive i1g wot Jeorwlieo bp thic wetlcd.






An estimate of the percent of amino acid in peptide form in the
rnedivm was obtained (Table 15) by subtracting the suwa of the individual
free amino acids determined in the medium from the sum of the corresponding
amino acids found in the NZ cose acid hydrolyzate and the free amino acids
added to the medium. Such an estimate ignored the contributions made to
the wedium by the beef hesart bLroth dialyzate which coutributed only 3.7
as much weight to the mediwn as NZ case.

The charges that occurred in the free amino acid composition of the
medium as it was metebolized by the organism for various periodsere shown

A study of the data in Tebles 13 and 16 reveals that threonine, serine,
and glutamic acld disappeared Irorn the medium &t the time that toxin was
being produced rapidly. The basic amino acids, lysine and histidine,
increased in concentration vhereas the other amiro ascids were decreasing
in concentration ot this time. A auwber of other ninhydrin positive peaks
appeared in the verious spectre particularly after 5% nours when the cells

were outolyzing. These ninhydrin positive materials were not identified.

aticns of the Standardized hMediw
on Toxin Preduction

A cowparison of the IIZ case dialyzete fractions previously described

to unfractiorated NZ case in the standardized medium for toxin prcoduction

w0
=
ot
0]
3
()
(o]
¢
I—J
8]
n
0
It
e
,_l
ct
™
5
0
I_J.
o
)
D

was made using the percillin treatment and
procedure. The results Ziven in Teble 17 reaifirmed the fact that nore of
the N7 case froctions could substitutc effectively for wnfrociionated L

case in the medium on the basis of the amount of toxin procuced.






Table 15. Bstimate ol combined

4

in the standssd mediun

oee Corbined arming el
acid] emiuo acid combine
i

Uil in rediun 1o mediuwn

L nz/100 =1 | /100 vl | ng/100 ml
Lepzrtic ncid 125 106 100.0
Thoonine 3 20 50 67.0
Sevire 110 30 1 73.0
Cluteide ocid kL2 an 413 3.5

3
3
[
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a
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J

J

@

O

.

=
I N
5
(’;\
-
.
(
O
.
(&)

Tedine 137 ol A7 S1.1
Cethioniva >3 32 3 a.5
Is-lourir T4 o2 L3 ST
Loneins 107 12k &1 31.2
Jyoesine ) s 2e 51 25.1
Pranilelasdine s T2 23 2b.2
Tietiding e <5 w47 DL
CSosivive &N X% 1T 750
T -~ C\C’\’ 10 Ry o
-J—'d‘J-. <o ! doe— —dJ '._..i
¥*Zeting ie ot deoormdinod 0 Uhis e Thon.
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L'v \

Variable

FID* [l

Neutral + acidic + basic
Tracstions of IIT case¥®*

100,000 and 300,000

10,000 and 50,000

1,000 end 10,000

*¥ID = minimal lethal dose.

¥*Fractions cceordiag o pro

riller (1056).

*%¥%¥2] my aceltyl-L-histidine used pe:

3

75 =l mwedium.






lecking I'7 case Zor 100 ml
mediwn for growth of C. tet

L-valine .

L-tethionine

r1t, S IR
Thiarin ..

D3 AP -
aiboflavia .
c e
Prridoxine .
n
o

2 3.
10NN

L . . .

e e o o =@ 15
15

« .
o
. .
o e
S
N Ui
OO oW

.
.
.
.
.
w)
O

. o L] L] . 2?

e e e e 6k

20

o o o o o o

e e o o 22

e e e 3L

2Q

e o o o o =0

e o o e T2

o v e 4 e 245

DD

¢ o o o o 52

O

c e 78
A

e e e o ol

n






my PR T RN A S DR ] ~
The best results woer. obtoinced :

oo sopnleincating vhe senl-synthetic

oo
Card DL

of trhe sivtesred gloss

-7 ~ “r .
clICIT ellcess

(1‘ A Ta NV o di 0. TN da Sl Torzd Toon
PR P ; R e -1 I - kg [ ~ )
Tl ostoane oAl oty 0 nle ¢ LT namnc o srovp of anino

.

s Lol







Table 20. Fodified stondarc
vas replaced by o group

Ingredicents Concentzation

b iy L i
LeCLvin o

Control [lediun

/100 1l

'_l
(@]
C
.

N
(@}
O
L
S O G O O

Glucose

I'aCl

n
\J
(@]

¥ 321"1-)() N 2

(PO,

)

OO O O WU W,

=)
o
S
=
-
ISR
o
—

= O
(@8]
)

elecivn pantothenate

t

H

e}

(_F

FJ

V

o O

*« e e »
OO O N
C D NN,
C U

N

N

L-valine 54.0
L-s2thionine 17.0

=
.

L-thrconine

[0 \n

\72
.

1

L-glutomic ceid =z21
L-iscleucine
L-lcucine
L-pherylalaniue

e h

- . .
-G e
L-lysine .. UL

L-histidine JACL

L-trypropnan
L-zspariic acid
Gl cire

L-cystine 5.0







m, 2tndies ~de of Growil Toxin Produztion
in = Copletely D=2l o0 Meddun:

1. Investigatior of the mediuw ufian ard Hunphries

4

t.e only wvorlers who a2d reporied

hetic mediwn for the cultivation of the teteonus

anisi and the - incornsistent

o}

o as
Durtheriore, Shoy 4id

tarshall and Kelcosr (1060) nave nade stidies of various culture wedis

Tor ceneral Dbacteriolccoical usage.

isfactory for their

purposas there were

mposition of which

L0

voe

semli-gzmthetic medivm
M

supported the growth cf C. tetoni. The composition of this syttt

. L] ~ - SNl S a2 - ~ - e S PR yeaNy AT B - L
32y of ircubation; ot this tine only C. tetari 22lls cppeloreld ©O0 he present
v e —
in o Gror stained smoar of « .oporiior of the WIS

2= thiogzlieollnd






Table 21. Composition of first successful

synthetic medium (3. )%

]

Ingredient

Quantity Irgredient

Quantity

L-alanine

L-2rginine (free bese)

L-aspartic acid
r

L-proline
L-scirine
L-threonine
L-tryptophan
L-tyrosine
L=-valire
MgSOM. HZO
HnS0), . #1150
Fes30). 70

CuS0),
FasHP0),
Cally
KC1L

Thizmin.HCL
Pz

Biotin

30,9 mo Caleiui pantotherate

ng | Riboflavin

O
6L.5 ny | Inositol
heoo mp | By

2 ng | TFolic acid

2
<

20.0 ng Solubtion I¥*
0
0

B-clicerophos
disodiwa salt

idoxine.HCL

7
108.6 ng | micotinic acid
L

ne Pesraminobenzoic acid

as | Veter, distill

0.151 mg
0.515 g
0.002 g
0.20k ¢
0.200 g
1.0 g

0.015 ng
0.015 ng
0.75 ug
0.30 mg
0.015 ng

*The mediuvn was ad

solution.

¥%3clution I 15 composcld of
srater and 2.7k g potassiwi by

Ja ey
SN
o
I
,_l

hydaro:zide

istilled
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Teble 22. Toxicity of culture Tiltrates
belfore and after storece a2t I C

LC

Mouse sympltoms¥
Dilutions cf the filtrate Days after mouse injection

T 5 3 n

boti
dead
1,000 -,- -y- -y- -y-
10,000 - -y —y=
100,000 -,- - - --

Lifter storase at 4

1t
dead
200 1+,14 | voth
dead
i
1,000 - 24,2+ both
dead
2,000 -5- S S IR B

*¥To mice injected per dilu
My ~d e
T

ne mediuwm, Sq, as

L. LR
gtrain k=8,
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The cells were not sicnificentl: injured in

since a serial tubc dilution of washed cells in T rediwe indicated the
1 6

aumber of cells to bz 2% least 107 per 1.0 wl. Unwashed zell irvocule
contained less e 13 per 1.0 Ml ag detericired byt the same method 2% the
same tine.
An examinztion of the rcomposition of 0.1 il of T nediun (Table 23) revealed
twe components which could provide unkiova nutrients.

the presence of ot least

These comporents trert Foust el 5, Mmedium was

cupplemented with these twn zomporents alore or mediur did
20t support growth of . weshed inoculue from o Ll hovr crlture from 5. mediuva.
ts o ecortrol 0,1 =1 ~f 1 wediar vos added co the S sediuvs and Zrowth was

-

co

tained.

Kirdler and Women (1956) reported thet covbon dioxide was essential Tor

capnid and resuleor grovth fros swall dnocula of Clostridiun porabotulinun

type A in partielly deriand nedin, ond That corbon dloxide could be partiall:s
repleced under -~ondicvilons o ctviet ~ascbon diovide depleticnt Ly an wnidenti-

Tiled Tector present 1 el exvinizU. This romort poevided o basis for one

of the verichles 10 T2 veln crpovioect. I Uhis expecire U oo solution cf
sodimm biscvhonate =oa oteriliced b Seitn Tiluontion 4 0.1 w1l of the
stevile filtiote oo d to 10 Lol U, madiwt so thot the orovnt of sodiun
bicarborate odded te tho oo tine was 2 e Iv the 000 oD i ol

¢ 10 0l of S rweddiun o oo noasible
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Teble 23. Cowposition of O
e

1 nml
of thioglycollate seed medin

L]
dium

Ingredient Arount

e e o e 4 s s s e o e e o 0.075 ng

Yeast extract e e 5 e s e s s e e e e e 0.50 g
Bacto-casitone « ¢ o o ¢ 4 o 0 4 e e e 1.50 mg
Sodiwm thioflycolle®Te o o o o o o o o o & 0.05 ng
RESQZUZIN o o o o o o ¢« o o o o s o 0 e . 0.0001 g
Water, distilled, ¢s « « o« ¢ o o . . . 0.10 ml
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The experimentel zesults shown in Teble 24 indicated that none of

these supplenents would support the growth of washed cells tc the sauwe

as unweshed 2ells. Dven ten times the nunber of cells (tnbes 13,

L, 15
L, 15

In othc e nes with T wmedium, egar, ash of uediun, yeast extract
U g . o P PN RO s . - c - e S R
T purified Deel heorv infucicn oS te S, mediwa, no growil could
=
_ - 2 R . y T S s qaer nik ja} a3 ~ .
be reported with washed cells. Although the varashed ZA-0 strain grev in

Lt

oy, S e ] TS AN
oosrull Toogen wnleh was
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rious supplemcnts o

N
L

Lffect of wvo Sy v2Civi upon grouth
of washed cells (uwn-8) from thioglyccllate seed wediun
Inoculun Suppleinents Grouwth
Tubes| Amt (ml) | Washed| Bicarbonate¥ Otuer 15 ar 03 hr
L)Q Col s - -5= _OU@')
Tiltrate, 0.1 Good
ad
b 0.1 + + Thioglycollaic -y Good,-
filtrete, 0.1
11
5,5 0.1 - - Darce GOO, -, -,5persa
10 1z
,8 0.1 + + Duzco GOO, -y= -,5parse
10 g
', 10 1 + + -,- --
1,12 0.1 + - -y- -,-
12,1k 1.0 + + Cparse,| =-,-
Sporse
5,16 1.0 + - sparse,| -,-
SPATGe
n .
17,1.U Ool iy - i Rl -y
12,20 0.1 - - Ceod, Good,
Good Gocd

L 3 ey
*Sodiwn

-

bic

5

vbonate,

ase
Cas

2.0 ng.






Weble 25. Jivect of wovdous gupplencnts U 5, ocddiw: vpor
) o [} 2 a . - Lo |!_ - LI
coowsh of eells (0-0) fiom different seed rediu

~

Treatnent O.DJ¥% L% 550

Tuhes of Leod In-ubotion time

(0]

V]
inoculumn neCiu* sunplo.ont 15 hrt 2005 hxnf 39 ar

1,2 Unwashed SUB 0.1741 0,10k 0.300

3,k “Yashed 0.1 1 enltuse 0.13%4 0.155 0.161
e PSS (I R -
rittrate

2,10 Unwzshed T
11,12 | Unyaghed 27D RS S.2bho 00192 C.27°

Tashed ST Loor oplns DG ol 0,100 00140 0.235
enlture £i1-

toohe n SR
SO0 RSN P

17,18 | astied 51D 0.1 vl @ wmediws | OJILO| 0017 0.320
15,20 | lashed 53T 0.1301 0.175 0.30%

¥31T8B = sterilit holloce geed nedivil.

sultieres.

*¥*¥0.D, = averace of
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Table 26. Importance of fresh thiozlycollote
i the preparation of nedin

> himent Type 0.D..¥*

Trea
Tubes o Sead sodiwa | JSupplement Incubation time
inocuiun vediwt™ thiiogly- 6.5 ur| 1.5 | 24k wr | L0 hr

n
(@e]
1

1,2 Unwashed o Tresh 0.250 0. 0.2971 2.320

0.200 | 0.108

:Lj
(65]
'_-a

3

S

1
3
O
.
—
[OX
N
O
.
—
(@]

—
o

3,b Unwashed
Yashed 5TB I'oesh 0.1 @l © 0.145 | 0.170 | 0.207| 0.245

7,8 "Teshed 35T Frosh e 0.080 0.080 0,003 1 0.102

11,12 | Uavashed T 01d 0.030 0.030
3,1 | Unwashed ST 0ld 0.030 0.030
15,16 | Teshed 21D 01d 0.1 21T 0.030 0.030

17,18 | "Tashed BB 01d Agar 0.030 0.030

10,20 | Vashed e 01 Aser + 0.1 ] 0,030 | 0.030
]

T8 = sterility test broith.

or duplicate cultures.



'
. . a o
. /] 3
¢ _



n iAo
The resulis ol W ziperl

component puirts as wupplemeris to S5, mediwn are rocordaed in Teble 27.
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Table 27. The failure of certain components of T medium to maintain
growth equal to T medium itself added to Sp medium

Treatment 0.D . **
Tubes of Seed Incubation time

inoculum riediunt¢ Supplement 15 hr 2 hr
1,2 Unwashed T 0.280 0.310
3,4 Unwashed STB 0.192 0.220
5,6 Washed STB 0.1 ml T medium 0.195 0.260
7,8 Yashed STB Agar 0.105 0.090
9,10 Washed STB Agar + 0.1 ml STB 0.135 0.202
11,12 | Washed STB 0.1 ml STB 0.1%0 0.210
13,14 | Washed STB Agar + ash of STB 0.126 0.094
15,16 | Washed STB 10-fold agar 0.105 0.091

*T = thioglycollate seed medium; STB = sterility test broth.
**0,D. = average optical density of two cultures.
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Since progress in identiiying these csseatial

individual components of redium was ratuner diseppointing,

it wvas decided to determine if appropriate supplements added to the S,
«~

nediun in addition to T wediurm would stimuklte greater growth. ILxperinents
vere carried cut in which variebles such as the size of inoculuin, various

vitamins, NZ case, ccetyl-L-hictidine, and various purines and pyrimidines

L

ten

were tested but inconsistent wesulis in duplicate cultures were of
obtained. Threr urccil was added as a suppleuent, however, there was &
greater growlh response.

The dote in Tuble 28 indicated thut the synthetic S5, rediunm supplenente
2 ¢

with the five purires cund pyrimidines would support good growtn of the

washed cells of the 04-8 strain of C. teteni. IF the medium 2lso contained

erent, betiter growth wos obtained. Growth in the 32

(e

the T nedium supp
mediun suvpplenented vithuracll wes groetly improved by the addition of

adeuinz and good grovth was cbitalnea by supplewcnting the 52 mediwn with

alsu the praducticn of sm2ll anounts of tctanus terin. This formalo
represants the composition of The mediw in 1ts final JTorm os it 7735

developed in this study.

4

a
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Table 28. Iffect of purine ard pyrimidine supplenents
to 82 medivr®* on growth cof wasued cells (EA—S)
] } O.D .H“X‘ C«J\; Cl:ﬁ)‘i;) L
Tube Supplements¥¥ Incubation tine
ITT121 7141 > O hr 1 15. ar ] 20.5 hr [ 24 nr] V. ar| 4O ar
1,2 -|-1-1-1- 0.03 0.03 0.C3 0.03 0.03 0.03
3,4 +d+ 1+ f+t+ | 0.040] 0.205 0.280 0.302¢ 0.311 0.310
5,6 + -+t -1- 040 | 0.200 0.280 0.310] 0.320 0.260
7,8 +l-1-1-1- 0.050 { 0.072 0.080 0.090| 0.110 0.120
2,10 +{+{-1-1- 0.040 | 0.150 0.250 0.250}) 0.270 0.270
*3, redium = sSynthetic redium contoining sodiws thioglycelle
¥%1 = Trecily 2 = .denine; 2 = Hyporanthine; h = Cytosine; 5 = Thynirn
¥*¥%¥0.D. = avercge optical density of duplicate cuitures.







synthcetis mediun

toriin production

Eats

Saant

Iogr

g 10 gred
I.-2lanine 43.5 mg | XC1 0.204 g
L-arginine LL.0 mg | Glucose 0.200 g
L-aspartic acid T2.0 mg Thiamin 0.015 n
L-cystine 5.6 ng | Pyridoxine JCl 0.015 mg
L-glutemic acic 224.0 ng | Biotin 0.75 ug
L-glycine 26.0 g | Celciun pentothenate 0.30 m
L-bistidine (frec base) 2%.7 wg |Byo <005
L-isoleucine 66.0 ug | Choliue chloride

L-lcucine

L-lysire

~ypltophan
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‘ollovins steps:
irst colurm of Teble 29 except cystine ond

tyrosine sre weighed into o 200 wl bealer.

¢

o
i)
Qo

isselved in 1.25 IT [ICY =nd 24ded to

(iii) £ 100 @) coowmt of distilled wetes is added o tho becker ard

S S ] - — -~ e} - ~de 2 - ]
onc soluvion is co 35 C and stirved.

(iv) & 0.5 #1 zoemt of Solution I is odded
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corposed of D0 o 17550, . THs0, 0.0% ¢ 1030y, .bi,0, 3.0k o ¥e30),.700, ard
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(vi) 7~ 1.0 m1 ooovnt of Tolutic: IIT is cdded %o

anid, 8.05 w1 distilled wator,

(vii) ~ 2.01 vl ormont of o stonk soluticn of thisrin is ndded to
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Q
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e
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(x) 0,05 1l enount o o gtock soluvlon ol coledw: partotenate is
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odded to the becker. The cuoe™ solutiorn -ovioirs 200 @5 colelw:






(xi) A 0.05 unl amount of a stock solution of Bip 1is added to the

beaker. To prepare this solution, 0.7 wl of & solution of 15 ug of 512

'

er of 995 BtCH is added to 104.3 ml of 259 ethanol.

e
Cr

per 1
(xii) A 0.1 ml amount of a stock solution of choline chloride is added
to the beaker. The stock solution contains 25 rng of choline chloride and
2.5 ml distilled water.
(xiii) A 0.1 wl eiount of a stock solution of folic acid is added
to the beaker. The stock sclution contains 1 ml of a solution of 9 mg
folic acid per 10 ml distilled water and 9 ml of distilled water.
(xiv) A 0.1 ml amount of a 1:10 dilution of a solution of 3 mg
p-aminobenzoic acid per 10 ml distilled water is addsd +o the beaker.
(:zv) A 0.01 wl amount of = solution of 3 mg of riboflavin per 2.0 ml

of weter is added to th: beaker.

(xvii) A 0.1 1l ewount of & solution of 8.5 ng inositol per 1.0 nl

distilled -mater is added to the beaker.

(soviii) A 1.0 nl anount of a solutior of 7.5 ng uracil por 10 ml of
distilled water is addeld to tht beskcr.

(i) 70 1.0 m) amont of o solution of 2.5 ng of adenine per 10 1l
distilled -eter is added te the beclicr.
(:x) A 1.0 ml amourt of a solution of 2.5 ng hypozanthine ncr 10 1

~f distilled water is added o the becker.
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V. DISCU3SION

tetoenvs toxin cervtain Ffacters influenced the
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Two approacnes
formula for a

texin. These approaches

complex

vere ta

medium or to devise

production.

2ken 1n this study to prepere a successiul

synthetic mediun rhich would support production of tetanus

consisted of atienpts either to simplify a good
9 syuthetic nedium supporting both growth of

Iu spite of the reported recuirements

for peptides in a couplex mediwa and the uwnaveilebility of an adequate
synthetic mediun it wras declded Tirst o undertalie the difficult task of
simplifying the forimle for the cormplex medivam of Liveller and idller (1956).
The complenivy of The rediuw wes Inulcated by the high per cent of
veptide aitrogen (Table 12) wrich wos present in 1IZ case and by the beef

heert reruvirercnt (Table 7) in tiveller end 1iiller's foriula. Since the
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would
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