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Wykaz  

A0     enterotoksynom  

BCA  kwas bicinchoninowy  

BSA  albumina surowicy  

CD   

CoNS  gronkowce koagulazoujemne (ang. coagulase-negative staphylococci) 

CoPS  gronkowce koagulazododatnie (ang. coagulase-positive staphylococci) 

F(t)  

enterotoksynom w czasie (t). 

GdmCl  chlorowodorek guanidyny 

GdmCl1/2    

k    

m   

MHC II   major histocompatibility complex II) 

p  w   

PAS  barwienie histologiczne z wykorzystaniem kwasu nadjodowego (ang. periodic acid 

Schiff) 

PBS   

PCR  polymerase chain reaction) 

PIC    (ang. Protease Inhibitor Coctail) 

PMSF   fluorek fenylometylosulfonylu 

SDS-PAGE e  

SEl SAgs superantygeny podobne do enterotoksyn (ang. Staphylococcal Enterotoxin-like 

Superantigens) 

SEM b Standard Error of the Mean) 

SePI  S. epidermidis (ang. Staphylococcus epidermidis Pathogenicity 

Island) 

SEs   enterotoksyny gronkowcowe (ang. Staphylococal Enterotoxins) 

SFP  gronkowcowe zatrucie pokarmowe (ang. staphylococcal food poisoning) 

SPF   wolne od  specific pathogen free) 

t1/2   c  

TCR  receptor limfocytu T (ang. T-cell receptor) 

TSST-1  toks  (ang. toxic shock syndrome toxin-1) 

UE   Unia Europejska 

Gden  entalpia swobodna denaturacji  

Hden   entalpia denaturacji 
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Streszczenie 

Enterotoksyny wytwarzane przez Staphylococcus aureus ego do 

koagulazododatnich e  obecnie za jedyne 

pokarmowych, co znajduje odzwierciedlenie w regulacjach prawnych 

 Stwierdzono jednak,  

bakterii z rodzaju Staphylococcus 

Staphylococcus 

epidermidis, a jedynymi genami enterotoksyn, kt secepi oraz selepi, 

enterotoksyny SECepi oraz SELepi ortologiami enterotoksyn SEC oraz SEL 

S. aureus. Sekwencje SECepi oraz SELepi ortologicznych enterotoksyn S. aureus. 

 jach aminokwasowych enterotoksyn SEC i SEL 

S. epidermidis i  S. aureus  

na  W pracy no SECepi wytwarzanej 

przez S. epidermidis , pod ortologiem 

S. aureus, tj. SEC3  tj. SECbov, epi wytwarzanej przez 

S. epidermidis z SEL S. aureus. Enterotoksyny oceniano pod 

   trypsyny,  termicznej i chemicznej 

za  

odaniu enterotoksyn w modelu myszy domowej. 

nterotoksyny SECepi i SELepi S. epidermidis oraz ortologiczne enterotoksyny 

SEC3, SECbov i SEL S. aureus w

i trypsyny. Badane enterotoksyny SEC i SEL S. epidermidis oraz ortologiczne enterotoksyny 

S. aureus  wyso  term . 

enterotoksyny S. epidermidis 

oraz warunki spotykane w w podobnym stopniu 

jak enterotoksyny S. aureus. enterotoksyny SEC 

. D EC mo  

   denaturacji chemicznej 

enterotoksyn SEC mo  szybk  odzyskiwania natywnej 

,   enterotoksyn SEC 

i SEL D e podanie enterotoksyn SECepi i SELepi 
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S. epidermidis podobnie jak podanie enterotoksyn SEC3 i SEL S. aureus  szereg zmian 

histopatologicznych w jelicie myszy. S. epidermidis 

ewodzie pokarmowym w podobnym stopniu jak 

enterotoksyny S. aureus.  

  i potwierdzone 

enterotopatogenne w modelu myszy, enterotoks

S. epidermidis 

z S. aureus. 

 

: enterotoksyny gronkowcowe, S. aureus, S. epidermidis, gronkowce 

koagulazo-ujemne . 
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Abstract 

Enterotoxins produced by Staphylococcus aureus, which belongs to the group 

of coagulase  - positive staphylococci, are considered to be the only factors of staphylococcal 

food poisoning, what is reflected in the legal regulations on food safety. However, it has been 

found that coagulase-negative staphylococci may also carry enterotoxin genes and express them 

in food. Analysis of the genome sequences of bacteria from Staphylococcus genus showed that 

the only species of coagulase-negative staphylococci harboring the enterotoxin genes 

is Staphylococcus epidermidis, and the only enterotoxin genes it possesses are secepi and selepi, 

encoding enterotoxins SECepi and SELepi. These proteins are orthologs of S. aureus enterotoxins 

SEC and SEL. The SECepi and SELepi sequences differ from orthologous S. aureus enterotoxins. 

Taking into account the differences in the amino acid sequences of SEC and SEL enterotoxins 

between S. epidermidis and S. aureus, it was assumed that these proteins may have different 

properties resulting from possible differences in their structure, and thus may have a different 

impact on food safety. To prove this assumption, a selected properties of SECepi produced 

by S. epidermidis were compared with the closest, in terms of sequence similarity, S. aureus 

ortholog, i.e., SEC3 and a distant ortholog, i.e., SECbov, then SELepi produced by S. epidermidis 

was compared with SEL produced by S. aureus. Enterotoxins were evaluated for susceptibility 

to proteolysis by pepsin and trypsin, thermal and chemical stability determined by circular 

dichroism spectroscopy, and fluorimetry, then enteropathogenic properties of enterotoxins were 

assessed after their intragastric administration in a mouse model. It was shown that 

S. epidermidis SECepi and SELepi and orthologous S. aureus SEC3, SECbov and SEL enterotoxins 

exhibit low susceptibility to proteolysis with pepsin and trypsin. The tested S. epidermidis SEC 

and SEL enterotoxins and orthologous S. aureus enterotoxins were highly thermostable 

also  exhibiting high chemical stability. This indicates that S. epidermidis enterotoxins can resist 

the conditions encountered in the human digestive tract and the conditions encountered during 

thermal food processing to a similar extent as S. aureus enterotoxins. It has also been shown 

that SEC-type enterotoxins are more thermostable than SEL, thus, in thermally processed foods, 

SEC may pose a greater risk than SEL. Differences in the chemical denaturation cooperativity 

of SEC and SEL have been demonstrated. These differences may affect the rate of recovery 

of the native conformation of proteins following denaturation, and impact the biological activity 

of SEC and SEL in the human body. Intragastric administration of S. epidermidis SECepi 

and SELepi, similarly to the S. aureus SEC3 and SEL, induced a number of histopathological 

changes in the mouse intestine. This indicates that S. epidermidis enterotoxins may cause 
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enteropathogenic changes in the gastrointestinal tract to a similar extent as S. aureus 

enterotoxins. The obtained results indicate that due to the high thermal, chemical stability 

and low susceptibility to proteolysis as well as confirmed enterotopathogenic properties 

in the mouse model, enterotoxins produced in food by S. epidermidis may pose a threat to food 

safety comparable to the risk posed by S. aureus enterotoxins. 

Keywords: staphylococcal enterotoxins, S. aureus, S. epidermidis, Coagulase-negative 

staphylococci (CoNS), protein stability, limited proteolysis, mice model, histopathology. 

  


