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Trimethylamine-N-oxide  (TMA-0) reductase activity of resting cells 

of Escherichia coli was inhibited by tetrasodium ethylenediaminetetraacetate 

(Na.EDTA),  benzoic acid  (BA), and methylparaben  (MP).    The 50% inhibitory 

concentrations of Na4EDTA,  BA, and MP were 20.2, 1.2, and 32.4 mM, 

respectively.    BA at pH 6.5 or below most effectively inhibited the TMA-0 

reductase. 

Sorbic acid (SA), up to 0.70 mM, had no effect on TMA-0 reductase 

activity, but SA inhibited the growth and subsequent TMA production in 

E.  coli at or above 0.35 mM. 
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INHIBITION OF ESCHERICHIA COLI TRIMETHYLAMINE-N-OXIDE 

REDUCTASE BY FOOD PRESERVATIVES 

INTRODUCTION 

The trimethyl amine (TMA) content of marine fish has been commonly 

used as an index of spoilage (8, 18).    TMA is produced from 

trimethyl amine-N-oxide (TMA-0) present in fish muscle by TMA-0 reductase 

specified by bacteria  (12, 20, 21). 

Many antimicrobial  agents are known to inhibit TMA production in 

fish.    Some of these are sodium chloride (11), sodium nitrite (6), 

benzoic acid (17)* and sorbic acid  (4).    It has never been clear,  however, 

whether this was directly due to inhibition of TMA-0 reductase or was 

a result of reduced microbial  growth. 

This investigation was undertaken to determine the effects of 

sorbic acid  (SA), benzoic acid  (BA), methylparaben  (MP), and tetrasodium 

ethylenediaminetetraacetate (Na.EDTA) on the TMA-0 reductase activity 

of resting cells of Escherichia coli. 



MATERIALS AND METHODS 

Microorganism 

The IMViC typical   Escherichia coli  culture used was originally 

isolated from a seafood and has been maintained as a stock reference 

culture in this laboratory.    Cells were grown statically in brain 

heart infusion  (BHI,  Difco)  broth at 370C for 24 h prior to use.    All 

tests were conducted at an incubation temperature of 37 C under static 

conditions.    TMA production was measured by Dyer's pi crate method  (5), 

modified by Murray and Gibson (13). 

Growth and trimethyl amine (TMA) production 

Cells prepared as above were inoculated into four pairs of duplicate 

250 ml   screw cap bottles containing 100 ml  BHI  broth with 0.1% TMA-0 

(Aldrich, Milwaukee, WI) and various levels of potassium sorbate 

(Monsanto, St.  Louis, MO).    Samples were withdrawn at 0, 1,  3, 5, 8 and 

12 day intervals for TMA determination and viable cell  count. 

TMA-0 reductase activity 

Cells were washed three times in sterile 0.067 M phosphate buffer 

by centrifugation.    A 50 ml  aliquot of the cell  suspension was added 

to the basal  medium (BM) which contained 50 ml  phosphate buffer, 0.1% 

TMA-0 and 0.05 M glucose (Baker,  Phillipsburg,  NJ) in a 250 ml  screw 

cap bottle.    Samples were removed at hourly intervals for TMA determination. 

Protein content of the cell  suspensions was measured by the Kjeldahl 



method  (10). 

In hi bitors 

Each culture bottle was also prepared with BM plus various 

concentrations of potassium sorbate, sodium benzoate (Mallinckrodt, 

St.  Louis, MO), methyl para ben  (Washine Wks, Lodi, NJ) and tetrasodium 

ethylenediaminetetraacetate (Matheson, Coleman, Bell, Norwood, OH). 

Some BM without inhibitors were adjusted to pH 5.0, 6.0, 6.5, 7.0, 7.5 

and 8.0 with l.ON HCI  and 0.1N KOH to determine the pH optimum for the 

TMA-0 reductase activity. 



RESULTS AND DISCUSSIONS 

Effect of preservatives on TMA-0 reductase 

TMA-0 reductase activities of resting E. coli  cells in the presence 

of the four preservatives are presented in Table 1.    The effectiveness 

of the preservatives is calculated as an Inhibition Index (I), according 

to the formula proposed by Freese (9).    I is defined as 1  - test value 

divided by that of the control.    Complete inhibition would give a value 

of 1.0 and no inhibition would give a 0.0 value. 

Benzoic acid  (BA) at 2.5 mM level  and pH reduced to 6.0 showed 

almost complete inhibition of the TMA-0 reductase activity.    At pH 6.5 

and 0.81  mM BA, the inhibition was still  greater than 50%.    Eklund (7) 

showed that a much higher concentration of 13 mM of BA at pH 6.6 was 

necessary for 50% inhibition of E. coli  growth.    It appears, therefore, 

the effect of BA on the TMA-0 reductase of IE. coli  is far greater than 

that on the cell  growth. 

Methylparaben (MP), up to 13.1 mM level, showed limited inhibition, 

i.e.,  I of 0.15.    At 19.7 mM the I  had more than doubled to 0.32. 

Tetrasodium ethylenediaminetetraacetate (Na-EDTA) completely 

inhibited TMA-0 reductase activity at 34.2 mM concentration. 

Sorbic acid (SA) had no inhibitory effect on TMA-0 reductase 

activity at concentrations as high as 0.7 mM. 

The TMA-0 reductase activity of three controls run with preservatives, 

ranged from 0.51  to 0.72 u^L.m /mg protein.    This variation could have 

been introduced by some differences in the levels of dissolved oxygen 

in the BM and the differences in the ambient temperatures of TMA 



Table 1. Trlmethylainine-N-oxide (TMA-0) reductase activity of I.  coll in the presence of preservatives. 

Inhibitor" Cone. (mM) 
Max. TMA 

pH   Produced (ug/ml) 

TMA-0 Reductase 

Activity(y^2lymg protein) 
Inhibition 

Index (I) 

SA 0.00 
0.17 
0.26 
0.35 
0.53 
0.70 

7.2 107.5 
110.0 
107.5 
105.0 
105.0 
97.5 

0.51 
0.38 
0.45 
0.46 
0.51 
0.51 

0.00 
0.25 
0.12 
0.10 
0.00 
0.00 

Na4EDTA 0.0 
3.4 
8.5 
17.1 
25.6 
34.2 

7.2 160.0 
147.0 
147.0 
105.0 
85.0 
2.7 

0.69 
0.60 
0.54 
0.41 
0.35 
0.01 

0.00 
0.13 
0.22 
0.41 
0.50 
0.99 

MP 0.0" 
1.3 
6.6 
13.1 
19.7 

7.2 132.0 
132.0 
125.0 
107.0 
92.0 

0.72 
0.71 
0.69 
0.61 
0.49 

0.00 
0.02 
0.05 
0.15 
0.32 

BA 0.02u 

0.08 
0.25 
0.81 
2.50 

8.0 
7.5 
7.0 
6.5 
6.0 

109.0 
107.5 
97.5 
39.0 
2.5 

0.42 
0.46 
0.40 
0.14 
0.01 

-0.23" 
-0.15 
0.16 
0.57 
0.97 

SA = sorbic acid, Na^EDTA = ethylenedianilnetetraacetate, MP = methyl para ben, BA = benzoic acid. 

Theoretical undissociated acid concentration. 

1=1- (test value/control value), 
j 

I was calculated from control value at each pH. 
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extraction.    Recently, Sakaguchi  and Kawaii   (15)  have shown that oxygen 

inhibited the synthesis of TMA-0 reductase and Bui lard and Collins  (1) 

identified the differences in the ambient temperature as a source of 

variation in Dyer's method for TMA (5).    Since each preservative was 

tested under identical  conditions with the respective controls, such 

variation should not diminish the comparative values presented in 

Table 1. 

Relative effectiveness of preservatives 

Figure 1  shows the linear regression lines for inhibition index 

(I) vs. inhibitor concentration.    BA showed a good correlation of 0.93 

with a slope of 0.45.    Na.EDTA showed better linearity with a correlation 

of 0.97, but the slope dropped to 0.03.    At the 1.0 mM level, the 

percent inhibition by BA and Na.EDTA was 39 and 2, respectively, indicating 

that BA was more inhibitory to TMA-0 reductase. 

Unemoto et. al_.   (19) reported that 1.0 mM Na.EDTA inhibited a 

partially purified TMA-0 reductase of Vibrio parahaemolyticus to 9% of 

its initial  activity.    The relative ineffectiveness of Na.EDTA we 

observed, therefore, could be due to the intact cell. 

MP showed a good correlation of 0.97 between I and inhibitor con- 

centration, but the slope was only 0.02, indicating less effectiveness 

than Na4EDTA.    The limited solubility of MP (16.4 mM in H20 at 250C) 

precluded investigation of this compound at higher concentrations  (3). 

SA showed a negative slope of -0.10 which indicated a possible 

stimulatory effect at these concentrations, but the poor negative 

correlation of -0.37 made such interpretation uncertain.    SA, at the 

levels tested, therefore, did not appear to inhibit the TMA-0 reductase 
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Figure 1.    Linear regression lines for Inhibitor Index (I) v$, 
preservative3 concentration. 

BA = benzoic acid,  Na^EDTA = tetrasodium ethylenediamine- 
tetraacetate,. W = methyl para ben, and SA= sorbic acid. 



activity of E.  coli. 

Effect of pH on TMA-0 reductase 

Figure 2 shows the TMA-0 reductase activity of E coli resting cells 

measured at various pH. The maximum TMA-0 reductase activity was at 

pH 7.0. This was slightly lower than the maximum of 7.5 to 7.8 reported 

by Castell and Snow (2). With BA, however, the optimum shifted toward 

alkaline pH and the inhibitory effect at low pH was far more pronounced. 

Thus, the strong inhibitory effect of BA on TMA-0 reductase of E_.  coli 

was apparently due to a combination of lower pH plus the increased con- 

centration of undissociated BA at such pH (3, 7, 16). 

Effect of sorbic acid on growth and TMA production in E. coli 

The growth and TMA production of E./coli in the presence of SA is 

presented in Figure 3. The TMA level of 122.5 ug/ml and the maximum 

log viable count of 9.04 were obtained in the controls. At 0.17 mM SA 

the maximum growth was reduced to 7.38, while the TMA production was only 

slightly reduced to 105.0 ug/ml. At SA concentrations of 0.35 and 0.70 

mM the TMA levels and maximum cell growth were both drastically reduced. 

SA, therefore, appears to inhibit the growth of £. coli more than its 

TMA-0 reductase activity and the reduction of TMA production in the 

presence of SA appears to be the indirect result of reduced microbial 

growth. 
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SUMMARY AND CONCLUSIONS 

Among the four preservatives tested, BA was the most effective 

inhibitor of the TMA-0 reductase.    Na-EDTA was equally effective as BA, 

but required a 10-fold increase in concentration.    MP was only moderately 

effective in inhibiting the TMA-0 reductase, due to low solubility.    SA 

did not directly inhibit the TMA-0 reductase, but it did suppress the 

TMA production by inhibiting microbial  growth. 

It appears that some preservatives not only inhibit the growth of 

microorganisms but also the enzymatic activity associated with spoilage. 

Inhibition of enzymatic activity independent of growth inhibition can 

be demonstrated with resting microbial  cells since these cells are not 

reproducing. 



12 

REFERENCES 

1. Bullard,  F.A. and J. Collins.    1980.    An improved method to analyze 
trimethyl amine in fish and the interference of ammonia and 
dimethyl amine.    Ffshery Bull.    78:2. 

2. Castell, C.H. and J. M. Snow.    1951.    Reduction of trimethyl amine 
oxide by bacterial  enzymes.    J.  Fish.  Res. Bd. Can. 8(4): 
195-206. 

3. Chichester, D.  F. and F. W. Tanner Jr.    1965.    pp. 137-159.    In T.  E. 
Furia  (ed.) Handbook of food additives.    The Chemical  Rubber 
Co., Cleveland, OH. 

4. Debevere, J. M.  and J.  P. Voets.    1972.    Influence of some 
preservatives on the quality of prepacked cod fillets in 
relation to oxygen permeability of the film.    J. Appl. Bacteriol. 
35:351-356. 

5. Dyer, W. J.    1945.    Amines in fish muscle I.    Colorimetric determin- 
ation of trimethyl amine as the pi crate salt.    J.  Fish.  Res. 
Bd. Can. 6:351-358. 

6. Dyer, W.  J.    1949.    Bacterial  reduction of sodium nitrite and formation 
of tri methyl ami ne in fish.    J.  Fish. Res. Bd.  Can. 4:461-470. 

7. Eklund, T.    1980.    Inhibition of growth and uptake processes in 
bacteria by some chemical   food preservatives.    J. Appl. Bacteriol. 
48:423-432. 

8. FAO.    1969.    Report of the FAO Technical  conference on fish inspection 
and quality control, Halifax, Canada.    FAO FSH Rep.  (E,  F, S) 
81:39-43. 

9. Freese,  E., C. W.  Shew, and E.  Galliers.    1973.    Function of 
lipophilic acids as antimicrobial  food additives.    Nature 241: 
321-325. 

10. Horwitz W.    1965.    Official  methods of analysis    10th ed. Assoc. 
Office. Agr. Chemists, Washington, D.C. 

11. Labrie, A. and N.  E. Gibbons.    1937.    Studies on salt fish.    II. 
The effect of salt concentration on preservation.    J. Biol. Bd. 
Can.  3:439-449. 

12. Laycock, R.A. and L. W. Regier.    1971.    Trimethyl amine-producing 
bacteria on haddock (Melanogrammus oeglefinus) fillets during 
refrigerated storage.    J.  Fish.  Res. Bd.  Can.    28:305-309. 



13 

13. Murray, C.  K. and D. M. Gibson.    1972.    An investigation of the 
method of determining trimethyl amine in fish muscle extracts 
by the formation of its picrate salt.    Part I.    J.  Fd. Technol 
7:35-46. 

14. Sagai, M. and M.  Ishimoto.    1973.    An enzyme reducing adenosine N- 
oxide in Escherichia coli, amine N-oxide reductase.    J. 
Biochem.    73:843-859. 

15. Sakaguchi, M. and A. Kawaii.    1976.    Effect of oxygen on formation 
and activity of trimethyl amine-N-oxide reductase in Escherichia 
coli.    Bull. Jap.  Soc.  Sci.  Fish.    42:563-569. 

16. Sheu, C.W., D.  Solomon, J.  L.  Simmins, T.  Sreevalsan and E.  Freese. 
1975.    Inhibitory effects of lipophilic acids and related 
compounds on bacteria and mammalian cells.    Antimicrobial  agents 
and chemotherapy.    7:349-363. 

17. Tarr,  H.  L. A. and B.  E. Bailey.    1939.    Effectiveness of benzoic 
acid ice for fish preservation.    J.  Fish. Res. Bd.  Can. 
4:327-334. 

18. Kitty, J. A. Van Spreekens.    1977.    Characterization of some fish 
and shrimp spoiling bacteria.    Antonie Van Leeuwenhoek. 
43:283-303. 

19. Nuemoto, T., M.  Hayaski,  K. Miyakim and M.  Hayaski.    1965.    Intra- 
cellular localization and properties of trimethyl amine-N-oxide 
reductase in Vibrio parahaemolyticus. Biochem. Biophys. Acta. 
110:319-327. 

20. Wood, A.  J. and E. A. Baird.    1943.    Reduction of trimethylamine 
oxide by bacteria. 1. The Enterobacteriaceae. J. Fish. Res. 
Bd.  Can.    6:194-201. 

21. Yamada, K.    1967.    Occurrence and origin of tri methyl amine oxide 
in fishes and marine invertebrates.    Bull.  Jap.  Soc. Sci. 
Fish.    33:591-603. 


