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ABSTRACr.r 

The aims of this investigation were t o  study the environmental 

fact ors which det ermine enterotoxin product ion by s taphylococci.  

Effects of pH , oxygen , medium c ompos ition , and in partic ular of 

added carbohydra t e s  in a defined medium were inves t igat ed  under 

c ontro l l ed c onditions , using several strains of each entero

toxin typ e. 

The production o f  s taphylococcal enterotoxins A ,  B and C in 

shake-flasks was s tudied throughout the growth cyc l e  for nine 

s trains of staphyl ococ c i .  Enterotoxins were firs t det e c t e d  

in the exponential phas e ,  and exc ept for. s train S-6, no 

appreciab l e  incr e a s e  in ent erotoxin o ccurr ed during the 

s tationary phas e of growth . Ent erot oxins wer e ho·wever 

produc ed in r e l at ively small quant ities by non-replicating 

c ells from lat e exponential or s tationary phas es o f  growth . 

Chl oramphenic o l  inhibit ed enterot oxin production by non-

replic ating c e l l s . A small quantity of enterotoxin B was pro-

duc ed in the pre s enc e of act inomyc in D, suggesting the accunula

t ion of a s mall p o ol of mRNA for' ·enterot oxin produc tion . 

The production of enterotoxins was investigat ed  in a f erment er 

under c ontrol l ed c onditions of pH and aeration , using a cas ein 

hydrolysate medium and a defined amino acid medium.  Entero

toxin produc tion in the fermenter was cons iderably l e s s  than in 

shake-flas ks for eight out of nine s trains of staphyloc occi .  

The reas ons for thes e differenc es b etween ferment er and shake

flask were inves t igat ed ,  particular att ention b eing given to 

pH , aeration and antifoam . 

Change s  ·in the environment c aus ed changes in the growth patt erns 

of s taphylococ c i  as shown by alt erations in the specific growth 

rat e , the duration of the transition period from exponential t o  

s tationary phas e s  of growth and the final c el l  yie ld . Att empts 

were made to d e t ermine how far the changes in the final yields 

of ent erotoxin were due to e ffec t s  on the specific rat e s  of 

ent erotoxin produc tion , and which differenc es were c ons equenc es 

of alt ered growth patt erns . 
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The optimum pH for ent erot oxin A ,  B and C produc tion in 

cas ein hydrolysat e and amino acid m edia was det ermined . 

Growth of staphylococci under c onditions of c ont roll ed pH 

resul t e d  in a higher final yield of enterot oxin than growth 

without pH c ontrol . The implic ations of the effec t of pH 

on ent erotoxin A product ion in food is dis c us s ed .  

The repress ion o f  ent erotoxins when glucos e o r  glyc ero l  were 

added to  the growth medium was s tudied under c ontr o l l ed c on

ditions of pH , and 1.,ri th c ons tantly maintained gluc o s e  or 

glyc ero l .  Sinc e ent erot oxins A ,  B and C were repress ed by 

b oth c ompounds in growin� c ells  when the pH was held c onst ant , 

repr e s s ion was not due t o  the fall in pH which occurred  v1hen 

the pH was not c ontrol l ed . The repression o f  ent erotoxin by 

gluc os e or glyc erol vms always acc ompanied by an increas e in 

growth rat e .  I t  has b e en suggested  by other workers that 

there is an invers e relationship b etwe en growth rat e  and extra...; 

cellular prot ein production ( C oleman , �967 , Stormonth and 

C o l eman , 1 973 ) . However , when S. aureus S-6 was grown in 

c ontinuous culture , it was found that an increas e in growth 

rat e c aus ed an increas e in ent erotoxin produc tion . Als o  the 

addition of gluc os e to the medium repres s ed ent erotoxin produc

tion when the growth rat e was held constant . 

Although gluc o s e  and glyc erol repres s ed ent erotoxin produc tion 

by growing c ells , neither c ompound inhibit e d  ent erot oxin 

produc tion by non-replic ating c e l l s  which had b e en grown with-

out glucos e .  However , experiments with strain S-6 showed 

that c ells  grown in the pres enc e of gluc o s e  and resuspended 

without gluc o s e  lacked the ability to produc e ent erot oxin B .  

This suggested that gluc o s e  inhibit ed the produc tion of an 

e s s ential pre-requis it e for the s ynthesis or rel eas e of 

ent erotoxin , such as  an enzyme for the final c onversion o f  

an ent erotoxin precurs or to  ent erot oxin .  Experiments with 

chl oramphenico l  had shown that ther e was no appreciab l e  build

up of pro t ein precurs or for ent ero toxin in non-replic ating 

c el l s . However , very small accumulations of a precursor 

c ould repress ent erotoxin synthesis by a f e e dback mechanism . 
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There were often marked differ enc es in the effect of 

environm ental changes on ent erot oxin produc t ion by diff erent 

s trains of the s ame ent erotoxin typ e .  One of the aims of 

this inv e s t igation was to  examine differenc es which have b e en 

r eport ed t o  exis t between mechanisms of produc tion of the 

various ent erotoxins , particularly ent erotoxins A and B. 
The differ enc es b etwe en s trains were oft en gre at er than 

suppos ed differenc es b etween enterotoxins , and throughout 

this inv e s t igation s everal s trains were us ed  for each experi

ment wherever pos s ibl e .  

Staphylo c o�ci produc e a large numb er of extrac e l lular 

prot eins . Throughout this s t udy the produc t ion o f  lipas e , 

deoxyrib onuc leas e , lys ozyme and total extrac e llular prot ein 

\vas followed  to det ermine the ext ent to which the effects o f  

environmental changes \vere s pecific t o  ent erotoxin as dis tinc t 

from a g eneral effec t on extrac el lular pro t ein produc t ion . 
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