Investigating the Maillard Reaction in Autoclaved Media and its

Eftect on Escherichia coli

Rachel J. Rhee '15 and Joan L. Slonczewski
Department of Biology, Kenyon College, Summer Science 2013

Results

The use of culture media is a chief component in the cultivation of 0.0 - 7 100 0.0 ] 100
Escherichia coli for the purpose of our study. There are two types of media o _ t mmm M63 media ]
sterilization techniques employed in the lab: filter sterilization and - : I LBK media 1
autoclaving. The use of an autoclave to sterilize media under high - 4‘_ 05 '
temperatures however, may result in the formation of unwanted S 06- ' <) -
compounds, known as Maillard reaction products (MRPs). MRPs are ; | | ~ E i I T
formed when the amino group of an amino acid reacts with a carbonyl = '0'8__ § S E
group of a sugar, fusing the two molecules together thus forming g -1.0 4 {10 & g -1.0 - - 10 Sni
compounds that can cause detrimental effects to the cell®. This is a s I |5 = o
concern being addressed in our study because all media base prepared in -% ] ] % % l i %
the lab contain amino-acid-rich components like tryptophan and sugars . e | = o T T T o
like yeast extract that may be reduced to harmful products, ultimately 5 . | 154 i L | ]
inhibiting growth of E. coli cultures. In this study, we mimicked MRPs using ] . | 1
L-lysine and D-glucose (two MRP precursors used in MRP-rich medium) in '1'8'_
order to determine whether the chemical modification of MRPs in media 20 P GLA T 1 -2.0 e licoce Lyaine 1
sterilized at high temperatures would have a toxic effect on cell survival Figure 1. Survival of E. coli exposed to autoclaved vs. filter sterilized media treated with glucose Fi : : : : :
under anaerobic conditions at pH 2. Although preliminary research has and lysine. GL-A media contained LBK with 0.06 M D-glucose and 0.07 M L-lysine autoclaved 'Eiir;:ascuu'rl‘t':l"rae's°vt§;ec:r'£(£?:EL%;°;:;;c$¥ﬁdoxgiﬂvz_;?u'(cgzd;f ;fg;tl\eﬂdL‘_“l’;?nge";ﬁct’xl:\g‘és;gf'
shown that E. coli is ca pable of su rViVing more extreme acid Cha”enges logeer ol Vgaz;clllfi:?sn\qlvee’rzu:ufrilﬁnirasrfgglzsii. C(;onn;itcci)(ljl\q/\;asEfr)(Opro;jfls’c_o;‘lizl’lc\;r;t_eGriIized Blatph one hour. Control was exposed to filter sterilized LBK at pH 2. All trials were run in anaerobic
when exposed to filtered media than autoclaved media, we found that ' ' B conditions. Error bars = SEM, n=6.
autoclaving or filter sterilizing exposure LBK media does not affect the - o
ability for E. coli to survive in highly acidic conditions. : Concl usions
. !
Int rOd UCtlon :63 o 1 1. There was no signh of harmful effects from MRPs. Autoclaving or filter
T ! T sterilizing media treated with lysine and glucose concurrently had no
Sterilization Techniques S E effect on E. coli survival (Fig 1). Therefore, we determined that the
* Two types of media sterilization techniques: filter sterilization and = 0 {10 @ inhibitory effects of bacterial survival in acid are due to the induced
autoclaving (employs high-heat sterilization at 121°C) = T treatments rather than the chemical formation of MRP.
e Luria-bertani broth (LBK) is supplemented with amino acids and ® ! ! E
sugars like tryptophan and yeast extract which may be reduced to 838 5 2. Glucose and Lysine both inhibit E. coli survival when autoclaved. Low
harmtul products at high temperatures, thus forming unwanted = survival (~2%) of E. coli in acidic anaerobic conditions indicate that
compounds known as Maillard Reaction products (MRPs) _ autoclaving media treated with D-glucose and L-lysine separately had
e M63 minimal media includes vital nutrients only necessary for o 1 inhibitory effects (Fig 2).
growth thus is unlikely to produce MRPs at higher temperatures ' Control Glucose Lysine
T e e tor  plethora of flavors and for the e AL ol e B el et wih o geose o e, | |3 Autoclaving o flter sterilzing LBK media with glucose or Iysine does
“browning” of meat, bread, beer, and other foods autoclaved for one hour. Control was expc.)s'ed to filter sterifzed LBK_at pH 2. All trials were run in not Effec.:t the ablllty.fo.r E. colito s.urvwe in more extreme acid. If
. . _ . . anaerobic conditions. Error bars = SEM, n=6. autoclaving LBK media induced toxic MRP, then we would expect a
* Athigh temperatures,.the chemical reac.tlon between amino aC|d2and 0.0 - - 100 difference in survival of E. coli between autoclaved and filter sterilized
sugar forms MRPs which can cause detrimental effects to the cell I Autoclaved media : media. Similar survival rates suggest that glucose and lysine are not
B R * In culture medium, ' Bl Filter Sterilized media | responsible for inhibitory effects of MRP (Fig 3).
OH 0 amino acids - I :
HO/&\ . ﬁg”z H,0 Asparaginase bea. ring a free i S ' ' 4. Autc??laving M63.or LBK r.ned.ia with glucose or Iysine does not effe_ct
e s Sl -:; NH, amino group suc T _ [ = the ability for E. coli to survive in more extreme acid. M63 media, unlike
T .-Aspartic acid 93 Iysmg easily | S ; LBK, does not contain the carbonyl and sugar compounds necessary for
reaction H,0 J react with reducing = b 7 the Maillard reaction to occur. Therefore, we expected similar survival
i . /8H :ugatrs dutring heat g,— : ; é rates in autoclaved or fi!ter sterilized M63 m(?dia. Similar surviva! r.ate.s in
HO/& " H,N " reaimen © P g both. M63 épd LBK medla suggest that there |s.no S|gn of MR activity .m
HON /¢O . * D-glucose and L- = 15 _ media sterilized at high temperatures with amino acids and sugars (Fig 4)
OH ™nNH C; lysine are two MRP = Thus we were unable to successfully mimick the MR
precursors that are ! E
co, used in this study
0 O O Maillard reaction in , , , , — ,
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grown to stationary phase in LBK buffered with 100 mM MES to pH 5.5 in 8 mL screw

cap tubes rotated end-over-end. Overnight cultures were diluted1:400 in acidic LBK or
ACknOWIEd 2 ements REfe rences M63 (filter sterilized or autoclaved) and incubated with rotation at 37 °C. Following a 2

hr. exposure, cultures were then serially diluted to a final dilution of 1:80,000 in pH 7.0
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