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Increased Viability of Sub-lethal Heat Shocked Salmonella Typhimurium
on Acids and Oxidants

Bo Youn Moon and Jong-Hyun Park*
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Abstract In an effort to evaluate Salmonella food safety using combinations of preservation techniques, its viabilities
when exposed to HCI, acetic acid, and the oxidative agents (hydrogen peroxide and butyl hydrogen peroxide), were
analyzed using sub-lethal heat-shocked Salmonella Typhimurium at 56°C. 2D gel electrophoresis and MALDI-TOF MS
analyses were also conducted to determine the expression and repression of proteins in heat-shocked cells. Heat-shocked
S. Typhimurium evidenced a reduction of viable counts by 1-2 log CFU/mL. However, viality of non heat-shocked S.
Typhimurium decreased markedly by 5-6 log CFU/mL at a pH 4 in response to acid and oxidative stresses. Sub-lethal
heat treatment greatly increased the resistance of S. Typhimurium against acid and oxidant agents. As for 2D gel
electrophoresis and protein identification via MALDI-TOF MS, 17 major proteins in non heat-shocked S. Typhimurium
were detected, and only 13 proteins among these proteins were detected in heat-shocked S. Typhimurium. The heat shock
proteins such as DnaK and small heat shock proteins were included, and may be associated with the resistance of S.
typhimurium against exposure to acids and oxidants. Therefore, even though the promising hurdle technology using the
combined mild treatments including heat was applied to S. Typhimurium, the proper heat treatment to reduce its cross-
protection activity toward the following preservative agents might be considered.
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Fig. 1. Viable count of heat-shocked S. Typhimurium NCTC
12023 under the acid stress of HCI and acetic acid. (A) HCL, TSB
solution was adjusted by HCI to pH 4; (B) Acetic acid, TSB solution
was adjusted by acetic acid to pH 4.0. Treat: Heat shock of S.
Typhimurium was done for one hour at 56°C.
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Fig. 2. Viable count of heat-shocked S. Typhimurium NCTC
12023 under the oxidative stress by buthyl hydorxy peroxide and
hydrogen peroxide. (A) BHP, 1.6%(v/v) butyl hydrogen peroxide in
TSB; (B) H,0,, 1.6%(v/v) hydrogen peroxide in TSB. Treat: Heat
shock of S. typhimurium was done for one hour at 56°C.
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Fig. 3. Major proteins expressed in non heat-shocked and heat-shocked S. Typhimurium by 2D-SDS-PAGE. Heat shock of S.
Typhimurium was done for one hour at 56°C and two dimensional gel electrophoresis were done after the pretreatement.

Table 1. Protein identification of S. Typhimurium by MALDI-TOF MS after harvesting the proteins from 2D-PAGE agarose gel

Spot No.* Accession No. Protein name MW/pl No-rr(l)zfts ﬁz gde COE:;:;I e
1 AE0503 DnaK protein 69189/4.83 25 55
1-1 Q8Z9R1 Chaperone protein dnaK 69057/4.83 16 31
2 AE1045 GroEL protein 57250/4.85 11 33
3 ABO0558 Trigger factor 48037/4.84 17 39
4 068397 ATP synthase o subunit 28638/5.10 6 20
5 Q8XG18 Phosphoglycerate kinase 40976/5.09 17 58
6 ENO_SALTY Enolase 45439/5.25 9 32
7 P21694 Elongation factor Tu 43125/5.30 14 52
8 AC0529 Elongation factor Ts 30339/5.13 13 61
9 P7428 DNA-binding protein H-NS 15402/5.32 13 70
11 P48217 60 kDa chaperonin 57119/4.85 12 31
12 Q8ZL03 Small heat shock protein 16074/ 4.88 8 50
13 P26229 Elongation factor G 77419/5.17 24 50
14 AT0831 ClpB protein 95378/5.32 28 35
15 AD0954 ATP synthase o chain 55079/5.71 20 48
16 ADO0587 Fructose 1,6-bisphosphate aldolase 39132/5.68 14 49
17 AD0910 Malate dehydrogenase 32485/6.01 12 45
19 ABO0558 Trigger factor 48037/ 4.84 12 19

*Please confer to the numbers in Fig. 3.
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