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temperatures by controlling p3, ionic str:or“_, and protein

~
.

concentration. ThC crystalline toxin contained 15.7fi nitrogen, 0.06%

phosphorus and 1.0Mfl sul_fu. t had an isoeleCtric pOint of 5.1 and a

sed.i1rn'ation constant of 4.5 bvedoers units. It 336. a purity of 66A m6

mouse MLD/me N and its aaino acid composition, dotC‘WWNed micr'obiolo colly,

0 I n ’W 0_ '_ J- . ' ' 4 . -- ' , ,_ 'I /

con81Sted or 13 amino ac1ds. Its Mlfllhum molecular weight was aoout 08,000.

since been oLf-rm.ed in two otherC
0

The protein nature of “he toxin ha

laboratories (Turpin and Raytaud, 19 9; Largier, 7056) and no differenceU

'-'/

was found betrrcn the . xins p1oduceC‘ from two strains f Clostridium tetani
 

which differed both morpholomiall and physiologically.

PrOQJess in the study of the nutrition 0“ C. tetani in relation to
 

he prodw0t101'tetanus toxin has been haeperel by the failure to produce

' I - ‘ 4 .4 ", .. ‘4. . . 4 -- "‘ 4 '1 —'- ~- ‘ - -n I - -

it except on a caeMicollr uaoo-iued med-um. also toe bOLlD 4s -elativel*

' O r- 1 4'..- .—...’-‘-. 4 r“~r 4,—_‘ ‘ '0 - - mart

unetable (P1.]enor et al., lTMo) and Jely dlf4iCJLt to assay. LhLJlECthelo

. 4 ° 4 J m ,n 4: - 4 — :71 n. 1
of tetanus toXiu tust tslze spec-al pleeautlons to av: C ootu toe loss of

. J "-\ ‘ ~-.- J— c" -L- >. ‘ \-'O '1“ ‘ \ ‘II . - J“ a -‘ ”4‘ J- \1r-. - _ ‘ . ‘-.4 1—- . ~

the strain as well as Cue mutation CL tie eigauism to a non-to4ig-nic stlain.

‘ ' ° -' I - ~ - “-1-”. . '-"' ' w . n ’1‘“ .1 -1 . ' -- ,

nost of the sivuifjcant cont-ibution1s which‘ave been Lrje du ing the

. ' '1‘ 44. ’-"‘I'.""‘. ' "O .4 '\ 1 I x. V4 (1“. .~

last 22 rears With reference to b;@ nutlltion oi the o13auisu and tox1n

' . I I“ ' " .II\"“| TT 1 I " fl ' s‘fi‘lz‘ «a -

production were made by the late 4.. J. n. ue7le and co-moineis at

‘ " f 3 4'- 4' WI- ‘ Q 5 «

4Uelle et mLo, lCM3; Jbu-C ct u7., ISM? , l9bjo -i ex et , 1,94, I.1 L

* m * n—

. _:/

705:"‘ M1 ler et 37.; 1050).
m

' — 1 ' . .- -- — *‘ ’ - —(\ .‘1 r- .4‘ . 4 '3‘ .. a (-I . ~3- . - ‘- ‘ fl ’7' -/3

Th0? Vorld 33: Il was aoout to st: t tho; e Haw in intensilied demand .0.

a r ‘ _ -.\ 1 ‘ _ _ - o _-I _'_'I _ I .1—7 ..“_ c _I_ n ”N _ _' r. r 1'- _ _I_ _ . .-

1owgp supplies of tota.us toind lo. luhufllZEolO“ purposes. lne peptonc
4‘ " -4. _1_ ‘ ' "-

° ‘4 r‘\ J- J‘ ‘l \\ -\ I'm 1 c‘ " . " -." 'H'\‘ V‘.(\. If. ._ nh‘ .

~fi dongstig R0013 «t tmub olflc LuS olauec 40- 41..-C4OUS ullClblC
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The veneral nutrition of C. tetani without special consid—~rc:.iorl

 

for toxin roduction Las been studied by various workers. Clifton (l9h2)

concentrated on the f‘il izs“tion of amino acids and rela‘ed compounds by

the organism. Lerner and EU3lle: (l9b9) were especiallv interested in

the utilization of filu‘emine. Lerrer and Pickett (l9h5), Prevot and Boorsms

(l£?hl) , W‘3s*‘.n zinfil Ekflldfifiln (il9ll_) aund “"‘ti‘v‘z Enid.iliirterfl3exqg (1f95gfl

reported on glucose utilization by c. tetani. Kaufman :nd Hump
,

J (1958)flE3 CI
")

 

d_evised a chemically defined helium unich they founo would i--cons ist Wdly

Siyppnortgrowth of C. totani.
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reliable and r3p10duciole tOIlCivJ volu;s. During the study Sei C
t
“

N I
_
l

H
a

I
.
_
J

c
l
‘

(
3

"
S

O
]

or the Temovnl of the bacterial

-0- -~ —- -- ~v- . r‘ r x J- 'n V." . 1 “ 5. “ J —. (" -~- ... - ' ,r‘

cells iron tee to“ c ciltu-3 mCuldfla nSGPbLL Llin Was followed as

H
e

Dilutions of the culture liltrute were ”ode in Connuught :1 1u011t (Molone“

- ‘ A . ‘ 4 ’ ‘ ‘_ o '1 _ _ pl. ,. 1 _0 _ v ’7 -9 o 1 * ‘r‘l v -.— - __.

and Taylor, 1932) QSLQQ cwllo°atdu plpcts. the ilUlQ Jas die u up to the

I, t‘ «r . r - —'--I -. '1‘ r' ~ I J‘.‘ \ ' ‘I‘ 1" 'I' r~ 37‘ J— r r *I- 1 ' - ‘ - III -I ~ -.-. -. -' . L‘ .

0 milk on was . pet uun use coatent. oi the bd e MlAeQ Dy llnSiLg the

. — — - -—— .~ -- . - w J' ' r *I‘-sr-x"ur!-~r -«\ *n 1- \~)I ‘ ' a? - a -CI . -

pipet sevegel times pgiol v0 the tinnslel oi w pbithfl ol tne lluld.

_v_ . 1 - 1 _,,‘ -- - -..N -1. .. '.,°- . .3 _ -v . ,

Care "as tuken b0 dJOlQ &€_wulOfl in one Jlulfig oi tee llUl‘S so tips(
‘
1

.. - , a: - .0 1,. .L. ...’ _ .—. ._-\‘-,--'.-“ ' -.M N L --. . ' ..1 -

deneMU‘--';On Ol 39 tonin mos linlhizeo. n lesu pipet ”$3 used to make

‘I 7.. _° -0 ..I- 13" .3, “...“! A W .50-”.-. ' .3..- -. -3, 1 -- ..3, '1 .n 3
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a Spray reagent composed of 200 mg ninnydrin in 100 m1 acetone and a heat

treatment of about two minutes at about 90 C. The identity of the compounds

I
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Q {
I
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m 0 }
.
.

was based primarily on the rclativ- known and unknown compounds(
D

"
O
'

O U
)

*
4

which were chromatographcd at the same time under identical conditions.
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Iv . EXPERDEI‘ITAL

A. Variability of Toxin Yields with a Medium

Formulated by Mueller and Miller

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 l95fi

by Mueller and Miller. The formula for this medium is shown in Table l.

The problem of variability in yields of toxin from this medium is

well known to commercial producers of tetanus toxeid. The data given in

Table 2 illustrate this variation 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 each. - Such results are typical of lots

produced either in stainles. steel keU
) ttles or in pyrex animal jars.

B Standardization of the Medium

ormulated by Mueller and Miller
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Mueller and Killer‘s formula contained two components of unknown and

variable composition which could cause significant variations in the yield

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 of growing the organism in a cellophane

bag (Figure l) was found to be undesirable because of easy contamination and

1

volume Changes.
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Table 2. POtEQClGS of eight large scale lots of tetanus toxin

produced in the medium of Lueller and Miller (195M)

Lot MLD*/m_ T.D.*/ml Lf*/ml ml harvested

1 300,000 250 an 145,800

2 450,000 300 60 123,000

3 150,000 200 M1 1h5,000

u 150,000 300 M5 1M8,000

5 350,000 250 #7 123,100

6 200,000 350 #7 127,500

7 300,000 300 17 150,300

8 300,000 300 M5 1u9,900     
*ELD = minimal lethal dose; T.D. = test dose; Lf = floccu-

lating unit of toxin.



 

 



 

 

  

-—t—-'”*

 

W\r~\\\\\\“ - Cotton between two

layers of gauze
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Cellophane bag

600 ml physiological

saline plus inoculum

__fl_,,__—————- 5&00 ml medium made up

as per six liters

“__—————-——'Glass jar 
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Fig. 1. Dialysis apparatus

using a cellophane bag.
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2. Use of cellophane tubing

lnother method (Fiwire 2) using cellophane tubing instead of a sheet

of cellopha11e gave hi3T1 MLD values without contamination but the volume

aof the toxin inside the tubinn decreased from 680 ml to 156 ml during a

12-day incubation period. The difficulty of Ieesurinr volume changes

(
9
:

in such an ariangc nt witiout disturbing the culture remained a problem.

3. Use of predialyzed medium

Since the organism could grow and produce good yields of toxin using

only dialyzable me-mrials, the possibility of growing the ovoonism in

This would eliminate the errors ofQ
:

predialyzed medium was investig ate

volume changes durinO the growth of the organism. When the medium (complete

except for sugar and vitamins) was dialyzed at 0-5 0 at a sixfold concen-

{51,1

tration against an equal volume of physiological saline thi cL1 was eychan.Cged

ysis resulted unlessI
_
J

(
3

H
o

(
D a- Q [
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I
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for fresh saline the following day, inelif

the ban as rotated at a slow speed. house KLD values of M00,000 to

s when the organismr
‘
b

I
_
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;
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H 5
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(
D600,000 per ml were obtained on the culture

.‘

was grown in predialy eL iodiww out oecsLus the rotating cellophane bags

ruptured easily, it was decided to dialyze only tl1e two complex components in

the medium-—NZ case and bee: heart infusion.

H. otandard17ation anc amino acid composition of NZ case

ting of irisions
"7‘- 4—‘ . ‘.- -- " . - " J—

a. greetional [lulySlS and tes

Craig and King (19:5) were able to fractionatc complex mixtures of

. . .1 ’j . "\ ""' . I‘j r'\ 1 A“: - — . --. -'\r1- — -:

amino ac ids and peptides 0y ulmlySlS- ncShltS o1 pLeliuinary rperlnerts
.1. I

. ' ““7 .1 '1 Dan 'I- ~ '. r14- ? “.3“ ‘ J'I . "V"‘ . ‘ i -‘-7\,_«.L.

indicated thcfi r2 case could oe liact1o1ated using bAlS p1 nciple an: that

‘1 n1 ' -0 q /’ LI? m j (no Ll w c fix "on ((30 0.: me" "er3"; "WQ'ICS
tne dialy81s 01 o; o sc \ s1 _ UL c c b-1ac .t l H u” U1 l
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layers 91 gauze
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% saline plus inoculum

/
C 11135 1a:

  
  

 J)

Fig. 2. Dialysis apparatus using

cellophane tubing.
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NZ case solution in a 0.1 N acetic acid system.
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Table A. Veriability in the yield of tetanus toxin

from two lots of NZ ase

NZ ease Liters of

Experiment lot toxin harvested MLD*/m1 T.D.*/ml

1 70013 20.2 350,000 300

l 00F3 20.8 100,000 <<100

2 70Dl3 8.7 400,000 300

2 0033 1,5 150,000 150    
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V. Compa‘ison of crude t0 dialvzed beef heart

LE'Llsion in toxL1 p_,010tlou

. I ,1 I

Jahfiyml L1*/ 1

Crude bee“ hea;t 1L“1sion** 1,100,000 45.1

Dia1vzed. 0eQef heart 10ft01on** 1, 600,000 h3.75

Crude beef heart b:0tn*** 5,000,000

Dialyzed beef 00“fi;h"“cfi** 2,500,000

*ML ‘

 

51.9.

— LlLiflal letha1 0050; Li — f1000u18t103 uni of toxin.

- n r‘ /
**Ha:vested 81te1 o davs at 30 C-

L" I ‘v
'/

/*"Tn‘VCSBeu afte? 6 days at 30 C plus 0 @335 at h C’
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heart preparations
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Beef heart brott dialyzate

Non-dialyzed beef heart broth

.1.

Crude beef heart broth

500,000

700,000

500,000

 

avg at Oak C.
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Ido:itified axino asids con"ributed by purified

iniusion to the toxin production medium
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Table 11. Yield of toxin from he same cul

by two filtration methods

 

 

 

of filter: Mouse Mime/ml

Seitz (asbestos) 100,000

beitz (asbestos) < 100,000

itz (asbestos) S 100,000

'qtere- glass 1,000,000

fimceted glass 1,000,000

tered glass 1,000,000

 

2 minimal lethal dose.
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Tab 1e
T1-o-c1 -L.

12 I .._II ‘ 18C L1

.1;
at veriou

J/

of different anounts of penicillin added

intervals upon toxin production

 

 

 

Incubation Optical Average KLD**/Kl value with units

time density* penicillin G/ml culture

(530 mu) 0 unit? 1 unit 10 unit; 100 unit: 1000 unit

hr

2% 0.23 10 80,000 80,000 70,000 10,000

#8 0.hh <<100 300,000 300,000 100,000 100,000

72 0.M7 50,000 300,000 300,000 300,000 200,000

96 0.36 200,000 200,000 200,000 200,000 200,000     
 

*Optical density of the culture dete:

addition of penicillin G.

**FID = minimal lethal dose.

 
mined just prior to



 

 



36

Table 13. Effect of an optimal amount of penicillin

at various intervals upon toxin yield

 

 

 

 

Average MLD**/ml

Incubation Optical Penicillin G per ml culture

time density* 0 units 10 units

(530 mu)

hr

0 0.135

17.5 0.239 100 50,000

h1.5 0.h3 10,000 200,000

65.5 0.538 600,000 700,000

89.5 0.368 700,000 h00,000    
*Optical density of the culture determined just prior to

addition of penicillin G.

**MLD = minimal lethal dose.
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An estimate of the percent of amino acid in peptide form in the

medium was obtained (Table 15) by subtracting the sum of the individual

ree amino acids detertuincd in the {medium f1om trne sum of the correspondingP
.
)

amino acids found in the NZ case acid mrdrolyzate and the free amino acids

added to the medium. Such an estimate ignored the contributions made to

the medium by the beef heart broth dialyzate which contributed only 3.7%

as much weight to the medium as NZ case.

The changes that occurred in the free amino acid composition of the

metaoolized by the organism fo1 various periodsare shownU
)

medium as it wa

A study of the data in Tables 13 and lo eveals that threonine, serine,

and clutamic acid disappeared from the medium at the time that toxin was

‘I

and0
)

being roduced rapidly. The basic amino acids, lysin nistiline,

increased in concentration whereas the other amino acids were decreasing

in concentrat101_ at this time. A number of other ninhydrin positive peaks

0 c 0 n r“. ‘ u

appeared in tLe various spectra particularly alter -5~ nours when the cellsq

C.

(
A

were autolyzing. These 11in1hydrin positive materialswere not identified.

 

j. affect of hodificetiois of the Stande1dizec Medium

on Toxin Prroduction
 

ractions pi'eviousl_y described1-
-:
,

A comparison of the NZ case dialyzate

to unfractionated NZ case in the stondaidised medium for toxin production

was made using the pencillin treatment 3L0 sintered glass :ilters in the

procedure. The results given in Table 17 reaffirmed the fact that none of

the NZ case fractions could substitute e11c~t1Vcl" fo: Infrzctionated NZ

case in the medium on the basis of the amount of to:{in produce'.
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Table 15. Estimate of combined amino acids

the standard medium

 

Total

Amino acid amino acid Portion 0"

added in medium Ffee Combined amino aci

directly from amino acic amino acid combined

to Helium NZ case in CGCiUfl in HGdiUfl in medium
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L

. clfect of substitutes for HZ case in the

taudard medium upon toxin production

 

 

- . ., /
Variable MLD*/ml

KZ casc 100,000 and 300,000

Neutral + ceiflic + baSic 10,000 and 50,000

Enactions of NZ casc*‘

NeLtral + acidic fractiOis 1,000 and 10,000

of NZ case + occtyl-L-

Listiflire***

 

*MLD 2 minimal lethal

**Fractions according

Miller (1956).

***21 m3 acet“l-L-hist‘\I
I;

dose. Two tests veue done.

to procedure of Eueller and

iline used per 75 ml medium.
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Table 21.

synthetic medium (5

Composition of first successful

9’.-l)

 

Quantity Ingredient Quantity

 

L—glutamic ac30

L—glycine

L-threoninc

L-tyrosine

L-valine

313301". 71120

unsou.h220

F8501!) 71120

I35ng mew.

##,0 mg N&2HPOM

72.0 mg Ca012

K01

Glucose

Thiamin.HCl

P2.r:=id.o:<i1’1e . HC 1

82. mg Biotin

32.; mg Calcium pantothenate

Riboflavin

hicotinic acid

Inositol

115.0 1'9 312

15.5 mg Choline chloride

60.2 mg Folic acid

”J 9 We 0"amicobenvoic acidI I OJ “-0 Law. C, .l _J. D V..-..I~,_. . L-

.- 5.. ...-L. - q * -

I;1.~.' 40:10. 0101:. _L-Yr’X
L7

2.0 mg Water, distille

2.0 mg  C!
.A

0.151

0.515 2

0.002 2

0.204 g

0.200 g

1.0 g

0.015

0.015 mg

0-75 us

0.30 mg

0.015 mg

0.3 mg

0.85

0.00 4’ 11g
/

1’1 0‘LU

1.0 mg

0.01 mg

 

'X‘TI‘LC medium was ad

solution.

**Solution I is

water and 2.7M g

sci of 5 ml 850 lactic acid,
A

{‘I

V

7.0 with diluted sodium

.05

hyd roxide

m1 listilled
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Table 22. Toxicity of culture filtrates

before and after storage at h C

 

Mouse symptoms*
 

d
-

Dilutions of the filtrate Days after mouse injee i n
 

o

l 2 3 A

 

Before storage at k C
 

. , bot”
lOO 2+,2+ ;+,a+ dea:

1,000 _,_ -,- -,- _,-

10,000 _,- -,_ -,- _,_

100,000 -,- -.,- _,- _,-

 

 

    
 

After storage at M C

"I I1

'1 '3 j)__ DOT-HI

.OO J+,JI “ -

oeao

500 l+,l+ both

dead

:L ) (3130 -' J "" 2':— ) 2'1‘ b04011

dead

C‘ . '1

))OOO -)- "j- “1" l'T‘,_+

*Two mice in‘eeted oer lilution of the filtrate.
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”able 23. Composition of 0.1 N1

of Lhioglyoollate seed Ledium

 

Amount
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m n .. .

c o c I 0 Q o o o o o o o o UOUE 1:18

. . . . . . . . . . . . . . 0.075 mg

. . . . . . . . . . . . . 0.50 mg

0 o o o o o o o o o o o o :1]; 0 50 mg

L‘odium thiOSlYC01lmt€ - ~ - . ° ° ° ° ° ° 0°05 mg

. . . . . . . . . . . . . . 0.0001 mg

distilled, 03 . . . . . . . . . . 0.10 m1 
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20. Importance of igesh thioglyeollmte

in the preparation of media
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Treatment Type 0.D.**
 

 

Tubes of Seed sodium supplement Incubation time

inoculum nedium* tliogly- 16.5 hr 19.5 hr 2h hr MO hr

collate

 

O f
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n

O O l
\
)

(
“
D

\
I
I

1,2 Unwashed T Pres. 0.297 0.320

C
)

'9
2

“ h Unweshed sen yresh 0.162 0.200 0.198{I £44

/ 'r" w ("1‘ 1|_' w V“ l—- , I

5,0 wasned 0TB riesn 0.1 m1 3 0.2L5 0.170 0.207 0.2H5

r-* -v w 'I'" . ‘.‘_. ‘ ,.,,- f . . n ,

(,8 massed USE fixesn géac 0.080 0.000 0.093 0.102

9,10 Washed see Fresh Agar + I.1 0.130 0.105 0.155 0.196

17 5TB

11,12 Unwashed T Old 0.030 0.030

13,1M UnwgsLed 3TB 01d 0°030 O°OBO

        
 

bid AI—'_‘!P‘

... 'V- LIL_. 0C
i
'

*T = thioglveoligte soefl refliun; dib = steriiity tes

-— ~| ‘ +3 , *7 ... r‘ .J— v‘ -'1 r 'I . J—I_ " '1‘ -n.~
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Table 27. The failure of certain components of T medium to maintain

61

growth equal to T medium itself added to 82 medium

 

 

 

Treatment O.D.**

Tubes of Seed Incubation time

inoculum medium* Supplement l5 hr 2 hr

1,2 Unwashed T 0.280 0.310

3,4 Unwashed STB 0.192 0.220

5,6 Washed 8TB 0.1 ml T medium 0.195 0.260

7,8 Washed s13 Agar 0.105 0.090

9,lO Washed STB Agar + 0.1 ml STB O.l35 0.202

11,12 Washed STB 0.1 ml STB 0.1u0 0.210

13,15 Washed STB Agar + ash of STB 0.126 0.09M

15,16 Washed s13 lO-fold agar 0.105 0.091      
*T = thioglycollate seed medium; STB = sterility test broth.

D. = average optical density of two cultures.HO.



 



Since progress in identiryinfi tnese essential insrelients bv

individ1al components 0 medium was rather disawppotilg,

it was leciled to determine if appropriate suppleme11ts added to the S

[
‘
0

T?medium in addition to T medium would stimukme greatei growth. experiments

were carried out in wnicn variables sucL as the size of inoculum, various

vitamins, EZ ease, acetyl—L-histidine, and various purines and pyrimidines

were tested but inconsisoent results in duplicate culthres were or

obtained. Then uracil was added as a supplement, however, there was a

greater growth response.

a 1
‘0 the synthetic on medium supplehented

C.
J.

with the five purinesand pyri1m1ines would support good growth of the

1 -! ,0 _1 T1 " Q ..,“. .° -. ’ -.- ..-, .A ' _- _I_ ' n _ ' ._ ,.

wasned ceils 01 tne nh-o Stidln or . bebcnl. If the Lledium lso contained
 

the T medium supplement etter grow‘h was ontaine‘. Growth in the 52

adenine and flood grewth was coteinel by supplementing the 52 modium witn

7 '-,.

uracil and hypoxenhide.

' r . " r. - a '—‘.., a .. s ' .— ' -2 '1 " 9" . 7* .-.-c‘ n ..,.--J 1. J. -

Finally, Table 29 ohOHb t e compos1t10n or 10* mi 0 a SQLCHCUlC

" . ‘ . -‘ I” d " .. 1" “ ’ "j "1 r 1 ‘1'“! '-

NCdlUM w013h SLPPOIUCL no' only the . LTtb oi the “b‘fll ULbCHlS. out

! - . -— . — - - «u. «w: A, ‘ ' “1 ‘- " .‘I" 0* ., ~" ~- ' 7“ . *3 h “1:! - - '15 (“j

alSo the production 01 3231“ QHOJQ s of tetanus Lenin. idle 1orndla

_ .A I- as. , ., . -. ' ,. J." —'-1» .,.. , 2 - ‘ w _. - . -2". . <7» —,.-.- . — —. _

rcpcese LS tne compos101On oi the medium in its inal 131d as 1 133

111.) 813110;”.Q
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Table 28. Eliece oi purine and

edium* on growth of w

 

Tub

1 -X-~x-+<- .- :59 ..
0.1). gab LJ‘) 11:1).

Incubation time

L 23 j L+ 7 (75hr 515‘73'53 333-5 Ti? EH-YI" Efiy-S'Ih: ‘ttrixr

 

e

 

 

_ _ - - _ 0.03 0.03 0.03 0.03 0.03 0.03

            
- L. . 1 . m .~.-A r‘ ' ‘ . -,-\ .-~ ~r- . ya -- . r“ r‘ J—

%3n medium — Swnkhetlc medium Crutdlfllmb SOdlUm thOélyCCllwbeo

v- - . _1.- - 5_T_—_\...-.. . _ - . _
**1 : gyacll, 2 _ neediae, 3 — apparentnine, h — Cyt081ne, 5 — Thymine.

***0.1. = averare optical density of duplicate cultures.
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Table 29.

adecuat~
(a

\d

Jinal

for

of a syntnetic

_ some toxin prodidction

edium

 

 

  

Ingredient ua-t1t" Ingredient ;uentitv

L—alanine A3.5 mg K01 0.20M g

L-ar nine hh.0mg Glucose 0.200 g

L-aspartic acid 72.0 mt Thiamin 0.015 -5

L-cystine 5.6 ng Pyriloxine.HCi 0.015 mg

L—glutamic acid 22H.0 mg Biotin 0.75 ug

L-glvcine 26.0 mg lcium pantothcnate 0.30 mg

L-histidine (fiee base) 29.7 mt 312 0.009 ug

L-isoleu iI1e 66.0 m’ CLolinc chlo1ide 1.0 mg

L-lCUfllil’le 98.3 [15 F011? 8C..C10.0l Mu

L-lysine (:ree base) 82.7 15 Para inobenzoic acid 0.003 mg

L-methionidc 30.9 h; niboflavin 0.015 mg

L-pbcn"1ald_iue 57.2 n; Ricotinic acid 0.3 m;

L_pycl1.> 108.6 gr Irositol 0.55 mg

L~scrine 35.5 ‘5 Uracil 0.75 mg

L-th‘eoniwe 03.0 A; ade.:ne 0.250 mg

L-tr“ptophan 15.5 n; hypoxuhthine 0.250 mg

L-tyrosine 60.2 a; Cytosine 0.250 a;

L-valine 79.: u; Th;;ihe 0.250 m;

3‘51‘1‘ {gr—3L0p‘08 ”.3303, 1 .3 L; '"Oi‘."‘biO7.I 1* Q .5: ml

disodium I’“]t .5olution 115* 1.0 11

Sodium thilclvcollaec 0.050 3 nolution III*** 1.0 C1

EafiflPOL 0.151 Q Tater, distilled 23, 00.0 11

.)ng J\ . JD; L.)

*e]uticn I is composed of 0.0 g gQQCL.{Ip , 0.0% 5 “500p.4f20,

0.03 D rescb.7:30, and 10 51 iistilied E30.
1' C. C..

M“douqution II 13 couposcd sf 0.0151 g 0100; end 100 m1 distillef E9

***Tcld‘ion III is ceppose? of 5 _ 85p lacti: acid, 8.05 41
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$N1e "od_wwm :is IXJSEKI"‘G.{lCCwajlfiég'CO iflie :follxfiiinr':its§m3:

(i) All itews is the :irst column of Table 29 except eystine end

tyrosine are Weighed ifito a 200 ml haeVer.

(ii) Cystine and tfmosive are dissolved in 1.25 E EC? 900 soded to

(iii) I 100 ml gaunt uf a

tLe solution is varied to 35 C 3

(iv) n 0.:r0_3menwb.fi730

. * ‘ 0 . A ’9 f 1 .‘ ‘1 1' F“-/-.I 7.? I

is emuxoued 01 3.¢ ; LQWOMoYHdC,

l0 Ifl_’iis+ilfxgl‘vote:.

(V) f 1.0 07 JLOUDb 0: “0]

is eiwposed of 0.015] g Cu?0b LI

(Vi) /; 1.0 V] ’“CNL11 of 9C)

0 1
. . n w

0 III is eoppeseo 01 S a0

end 2.70 q of K03.

(vii) i 0.01 r1_orxyu:: sf

thr'be50033. TEHe r15031: solittiOW.

distillefl voter.

(viii) A 0.01 11 enount of

10(30 to t“e beaker. The stock

(it) A 0.x? ml 02ount of o

bOWker. The stock solu1ion cont

(3) 0.05 Kl aboumt of 0

10006 t? tBe beaker. The stock

3‘5 F0 “1 of distilled water.

(1

k)i

18

C) [— "/1 L _I_ I F .

U)g 1&2010 @010,

.I. .. .4- : -,

a smock soluuiou

.I. .I.., --. r7: ,1 1"

CO.‘_L;11L1F {/s [HQ 0

.J— -1.- . ....L. ‘ -

EUCQA SCflJLblO“

solution

s*oe‘ sol: 10? 0;

Pt I

O‘.‘ 1:117‘1-‘5-11

1

v

I

v _ fl 3‘ 1 _I_ 1 ’_ a _‘ ‘

JLmleca 0:) L04? )etiiez‘zin

W ‘l ‘

oeaner.

, L . ‘7 p - w r- u

3 o 91:” C, _'. -1“.:)Oll- o LI‘EICiO) K.) I 011‘ C) b1€sDOJ+O (1.120) 3.5.1 11.

u*?on II is aédeo CO the boan“. SOlUtiOn II

.a 100 L1 Eistilie: 1&tCT.

8.09 01 distilled water
J

7731

:
4

C
L)

Extridcrzine.Efijl

‘ _'_ '. ‘ . .1 '3 J- .I-

”b1001; is efikm3a 0o sde

m“ '— f‘.': " ,,-L.1I-I . w

CLLO 300 1;]. :"/’}‘ .5 D' 0-110;.

L4calciuu oat



 



(xi) A 0.05 ml amount of a stock solution of B12 is added to the

beaker. To prepare this solution, 0.7 m1 of a solution of 15 ug of 312

per liter of 95p EtOH is added to 104.3 ml of 25% ethanol.

(xii) A 0.1 ml amount of a stock solution of choline chloride is added

to the beaker. The stock solution contains 25 mg of choline chloride and

.5 ml distilled water.
/

f
0

(xiii) A 0.1 m1 amount of a Stock solution of folic acid is added

to the beaker. The stock solution 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 m1 amount of a 1:10 dilution of a solution of 3 mg

p-aminobenzoie acid per 10 ml dietilled water is added to the beaker.

(xv) A 0.01 ml amount of a solution of 3 mg of riboflavin per 2.0 ml

of water is added to th: beaker.

(xvi) A 0.1 ml amount of a solution of 3 m' of nieotinie acid per

1.0 ml distilled water is added to the beaker.

O

(xvii) .A 0.1 ml amount of a solution of o.5 mg inositol per 1.0 ml

distilled water is added to the beaker.(
.
3

(xviii) A 1.0 ml amount of a solution of 7.5 mg uracil per 10 ml of

distilled water is added to the beaker.

.5 mg of adenine per 10 n1

A

k I
N

I
.
.
}

L
.

A

r
‘
1

v

l
o 0 i 0
3

5 _
_
)

C
1

o ‘
3

C
O

0 k
“

C C
I

I
.
_
I

O 0 F
1

R
)

distilled water is aided to the beaker.

(xx) A 1.0 ml amount of a solution of 2.5 mg hypoxantbine per 10 ml
/

*. I -. -- r -vn 1“ "~ '. 1 (JP ':- J‘ ‘1 ‘1 7r". -,'n

if QISEllleu mater is added to toe beaLei.

' ." 1 w t“ 1“ J“ -.-1.-‘ r‘ .1 J" ' \‘q m'u’n "a ‘4 r A m 3 ‘ -\ j ’1' *L

(XXI) n 1.0 ml alount cl a SOLUleu ml 2.5 do egtoolue psi 1) L1

'1 _ _1_ . 1 _~_ '1,“ '1 —'- L1. '1 . 1-. ~,.

01stilleo iatei 13 ceded to tie seatei.

‘ _L fl_{jz . 1. 1 1'1 : -. _V 3 __ ,

(3’::_Ll) ;‘ -L.O I] C Idll’xb | ': UCLL‘ElDLi O. 2. / [ t_1 l3: pr *1 1\) ‘ |7_





(x3111) The solution in the beaker is now adjusted ‘0 pi 7.0

vith _ 7 sodiu; hydroxiie. The 0. R. cf the nelium is 0.0 volts.

(1"17) fie contexts e: tne beaker a“? filtered tirtur: a clear and

sterile sinteted glass filter.

This medium when prepared in 100 ml or larger volumes supported the

QT vth of wasmel cells of either th Bf—S ea nueller strains 01 the tetanus

:rvanisw. Both strains produced as much as 10 Dbl/t1 of toxin in the

uediun after an incubation period of 23 hours and both cultures contained

107 to 108 cells per M1 at this time as measured by the serfal tube dilution

Wetbol. Ehe highest tori? titer which was obtained in this medium was

obtained “8143 the 13-8 utT41fl oi the organism grown in 75 ml of synthetic

medlun Tor 2U hours at 35 C followeo by another 2% hours at 0—4 0 p310“ to

the iterile filtmation o1 the cuitvre using a sintered glass filter.

Fift; ul of the filtrate Were harvestel and tie mouse MID value was lOO/rl.

forlc symptoms occunved in the mic; at a dilution of l to 500.

i- so, the otlain was successfully subcultured in this svnth tic medium

on tvo su~,essivc davs usiur 0.1 11 of inoculum per 10 ml of medium. Tro-

Jiwetseoudl pape“ chr vatOjraphT gave the saws spent“: of ninhydrin positive

;atevials cite scout“ i? the synthetic Radium as it did before inoculation.



 



V. DISCUSSIOH

Ii the preduct-on 01 tetanus toxin certain factors influenced the

yields obtained in a goon growth medium. lirst, it was necessary to

keep easily exidizable ingrodielts, such as sodium thioglyeollate, sealed

and protected from inactivating agelts. Second, 7 it was necessary to

Lrepale eUffiC11Utly large batches f media to avoid significant

adsorition of trace fipterials during sterile filtration.

d third :actor Ibich affected the yields of toxin was the growth pnase

.3 -- - .v- _ _v- - -I-.: - :v 1. ..-... _ .I- .1 .'- -.-..-.- . - _, _- ,-—1

ol tie culture at the time 01 caiweso as teternluod m1croscop13a11V. lhe
... U

n u I

firJ‘ r ~ . 1 '1 - . f. "-.1‘ ,1 r“ 'l‘ '1‘ " WIT ' J'" " J‘“ . 1 "‘ "-

c:.telyo oi eultolfiwsls In -ce.iitctr vel ”'Well 0» ol uc1cnliltoezmzticl/ . . .. .- . ‘1 .... _

acic precipitcble rateria and KID values w

a 0 u n o o ' L ’1 . '_ ' - ‘ "' " 1- . —- A —\ ~(m‘ ’1 — ““r ”‘0‘;— ' N 3 « ‘2... w u I "" j '- ’ 1 1(. r _ ,— _‘ ..., ’_

i' luS uCu-OL ugcl')u ‘uocepulolc bac' "1m wade tn‘ cello Jel‘ nap a!

3" j\ j _ I“ u ._ _fl W -’ J‘ _‘ ’ w! . ‘ ‘_ ."f 1 _7 'F T'J’ 1 I I_ --. fl _rj 1 'fi _0 “!_'V -I ‘ (fi_

- -17 J (HO 1. 4-- ‘LJ OJ- 4.11 U' 3 4-00 paladuv k‘_. QL t. u ullo L Hen.) _LCLLIJ.‘ ...L‘. v-11; s.) Ulla”?

‘1“. ‘7 L '. " ,.. * 1 N "' ’1"\ w ' .‘J‘ '3“ - .u~—- -" .3 .1 \ '1‘ i - 1] .1 a“ - x a» ’7 1 'L“ \

1J~1 U LIO-_-L_l. -v.L..‘ T)" C1 111 1’ U U " (4* K’L’VIU“- \J _ e. LIC/ \'1-_L._v LJ__L, VC..1_'_IJ UL,“ \. .I. .. U.._K,

.-. ‘— r - «7 ~-‘ ‘J— ‘<‘ o‘- 7”- w‘ '1.n--.>~ N“ ~'— 5’ — \ -§~‘11‘w .. wi._*

10 pucsi ‘ 0. 01.2.0 LfllC Until—[310:1 (,1 _LC..b‘._‘,-_ .. Lu- 0-. .1. '9‘” _Lgl;___j__h _I_C’LJLLIL. t“

\_/

o y a o 1 -v 'v-_r_ _0 (V _f __ _v_ .\ | “-.- _f _ ' _v_ _\ _ _y- \ _I-H .'_'. f) fir _. ’\71_._ . 1 : 1 1" l_ _: d

1"" ‘ "‘ H “” " "" <7 * ~ ' ~’ -‘-- .~ . r- ‘3‘ ~_ ~ . “o . L . .fi

1:7. Icy—U; Up_.___ Jlggoo. .10 i... L-UL.’.. ‘ubl_-v 0e ..0 0x- 0 7: L.__..L_.1e.}_)e._01c "Oil . ..Lk..-..n.»
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—-—-.;«1O_ Vtx.»_ ‘_\_,_|_V |--'.._ _(,k, L5,- v ______ ..I.) L ,r L, ,k- 1 ‘\. LJ \l._\J ...; A\.\J VL- -_ ..-» --

>r1 ' ’1‘- '1‘ ‘ ‘ 'l' ' ‘ ' '1‘ ' ‘q 'I‘ '1" ‘ ' ‘ " ~ '1‘ ‘. ~— .‘ -:‘ ~‘ .1”. . J‘ A-vy-W “1‘ j- .1\'\ (" ‘n- ‘\ ‘\ "1 ,1" '1‘ t- -.'-': ."3~’ -" r:
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formula for a synthetic:medjurl which

“oxin. These approaches cons 'sed of

complex medium or to devise a svrthetic

the organism anl toxin production. In

for peptides iL a complex ~redir' and th

would supp rt produc

8study to preper a succe ul_

ion of tetanus

either to simplif“ a good

1

suppo;ti115 ooth growth of

spite of the reported requirements

/

'7

e unavailaoility of an adequate

synthetic nediuu it was decidel first to undertake the difficult taSkoof

simpliIVing the forWHle for the oomple medium of MLloller and Miller (1956).

I..—1‘ V“ 1' o '1_ '1') _.“l _ 1 n '. _ 7 o _ l. a _ _- u ' ‘ -- _n

lie co pleuity of AG Heciun ;as indicated by the 1151 per cent oi

J- . '1 . J—': o -r ('71 3" .1 v 1x"... 1; .- - ”1.!- . * 'r' . c\‘~

Deptiuc iitrogen (iaol: 32) WLLCQ mas presc;t in BA case c”d by tne oeef

w -. - q - : mm. ’7 —. u "'4 _ -0 . 3:- J—‘!\
aeert “eeuivel n iaole l) in nueller and nillec'" loimula. Since the

q f - .,_ _,- - . 3 . - 1‘ .1- _,,--. -, . _fl _5 . . ‘_ .

or5aaisu caull grow and produce tenin in a cellophaleb35 (Figure l) Khlch

- 7 v ,. - - 1, ,1 1‘ .- r. . .- -- 4 5., e-" a 4.1 -

WOUIU enclude *e‘;ls oi larbe molecular \ei5ht llOU bLe cells, it seemed

‘ . ' "‘ '- " . ‘D‘T' '1'“ "- j '. “fl 1 "..- " 4 J— " - .~ ,fl . - ..- 3 w 0 >-"..-, —3-— ' .— ' .

logical to Simpllié one NSOLUU DJ I:&Cbicflu] ulleSLb o tne tqo lanGdlCDtS

A 'v _o_ .0 '1 ' " - o _f)‘ _ ‘ .- V. o r ‘1 ‘ J<‘.. I --q , ._ _C l_ _0 V -'\\ _ _!_ _'_ _I_ . _l"\- j : o -

and so _nentilw caeuicalig nei; coupCSit_en. apparentlJ th JEUAOU did

" ‘ " ‘ -' J‘ .‘A ‘ " 'V - “" ”’1‘ . ’ I ~ I“ I “‘1 " .1 " ,-

not resolve the SAJStaices in “ne Heeitm unicn we:: 5 olflullt * on tlose

-.‘W‘I ”‘1 +7 \11r\ '-\’~‘L.J‘ "‘ T‘Trn'Vrn'.""’/‘::37">"f‘ ‘i '1'; C‘ "A I_r/311“") 7“. P "‘ -‘ 10:") r.“
t15.__,_.\:_ E4;— lLL‘Lle—UC'; U“ 0 14L v.— AlV—LVQ) L....s._‘ pL‘x/\_.K4\.~-\..__C, ..Lu- p-LOCL1A\;K4 (J4

in r I: . "" 1 “A '1 W " Tr‘fi' W7 / "UL" . ”to q' ‘- " "‘7“? “‘1 l " ""‘ r3 " ‘ n x ' W “van" ' ' “1 lsta‘.1de lnGC M'Qldfl nuipfl Coul.lhc1 Lo L- a o~cacetic acid pl-cipitao e

‘ J—r‘! n fl " . 7 17‘ I", J‘ ‘ 1". J.“\ -- . -

cc.,oncnts a,g VllCfl sup001 ed 'ooc 5rovui a1 n tonic p1roduction.

.. . ‘~ ‘r-rj '1“ . 1 v- -1/- ...5 i“ .- - 4‘1 "-r—xwx \' P-— ‘T . r—v ‘ sw W .

the amino acid acaL ses tnicn were Laue 0L uni SbmnfluidlaeL L;Qth

- - —« . J— 1 ~— ~- "" ’\_ — r‘ x A -~ 1 . - w n W . ..7 -n ~r. .

prior b0 lob _loculasiow .-it1‘. the orranisn prOVidec a oasis i i a uCnl-

(""i' ""1"\ " ~ 1". yum/:1 - \n [71141-3 ~11 -‘F“,‘.".‘.’\«" ‘7‘\ J‘T—‘.’,_X . f“"(\ \ “" ..WI '--T C O-lo --‘I‘. C"! P, _‘E“O 5-: qi-jc

{J t: L]. Li‘\ bl-V _‘;;,_'-]_1l;_..o _4.L.L\’; c, l. Iii-L)». L) .__- LIP. i. VOL-V\.LL U}. 9.: U-'_O-._IJ ..- LJLLwU‘... y.....4_LJ. w‘v u

_I_ '1 c - ‘ . _v_ x .' _f‘ ‘ (u ‘ ‘ , '5" ,7 '_ fi r..,» .. if} .1- j r‘ _. .' I — "I - .3 .57. ...- V“ ‘4 -

:1 L: 11..;‘34‘81‘. L; j. vmeal}: LIiOiJ. 9.1.1' cu £013.li1 ”01: DC c, \r:_.-11.‘_'_’v USC. oddity: ml; ;-_‘.Li.\. CL .LD

5:. 4--: 1 F "5-15 ”A a: ,-_ +204 5»?
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A complex wediML which supported a good yiell Cf tetanus

the Ihellzg strain Cf C Ostridiur tetani was standaxdizefi an&
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