Area: Microbial Growth
Microorganism: Listeria monocytogenes
Reference: Ko, R., Smith, L. T., and Smith, G. M. 1994. Glycine betaine confers enhanced osmotolerance and cryotolerance on Listeria monocytogenes. Journal of Bacteriology 176: 426-431.

	Listeria monocytogenes is an opportunistic Gram-positive pathogen that causes listeriosis, a disease characterized by fever, diarrhea, and sore throat.  This disease is fatal as much as 25% of the time and is normally transmitted through foods such as cheese, milk, and coleslaw.  One factor that appears to contribute to outbreaks of listeriosis is the ability of L. monocytogenes to grow vigorously at refrigerator temperatures and to tolerate high salt concentrations.  Ko et al. (J. Bacteriol. 176: 426-431, 1994) recently examined the accumulation of glycine betaine as an osmotically compatible solute by these bacteria.

1.	Based on its vigorous growth at refrigerator temperatures (about 4oC), one would classify L. monocytogenes as a:

	a.	psychrophile
	b.	mesophile
	c.	thermophile
	d.	refrigophile

	Ko et al. first measured the intracellular concentrations of several different compounds after growth of L. monocytogenes in a rich complex medium under different conditions.  The results are shown in the following table.

				     intracellular concentration (mM) after growth in
	solute			    0 NaCl/30oC  8% NaCl/30oC  0 NaCl/4oC  8% NaCl/4oC
    
	glycine	 betaine	       65		     1300		310	       1800	

	glutamate		     200		      640		350	         430

	carnitine		     120		    <100		430	         <75

2.	From these data, one can conclude that:

	a.	the concentrations of the three compounds are not affected by growth conditions
	b.	the concentrations of all three compounds increase in response to both increased salt concentration and reduced temperature.
	c.	the concentrations of glycine betaine and carnitine increase in response to both increased salt concentration and reduced temperature.
	d.	the concentration of glycine betaine increases in response to both increased salt concentration and reduced temperature.

	To determine if these bacteria can accumulate glycine betaine from the growth medium, Ko et al. compared the growth of L. monocytogenes on agar plates containing a chemically defined medium to which either NaCl or glycine betaine was added.  The results are shown below.

				specific growth rate (gen/hr)
	temperature	% added NaCl		0 betaine	130 µM betaine

	      30			0		  0.35		  0.35
				2		  0.22		  0.26
				4		  0.13		  0.17
				8		  0.008	  	  0.09

	        7			0		  0.027	  	  0.033
				2		  0.020	  	  0.030
				4	     	 no growth         0.014

3.	These data indicate that:

	a.	addition of glycine betaine has no effect on growth rate.
	b.	addition of glycine betaine enhances growth only in unstressed bacteria.
	c.	addition of glycine betaine enhances growth only in severely salt-stressed bacteria.
	d	addition of glycine betaine enhances growth in both unstressed and severely salt-stressed bacteria.

	To study the uptake of glycine betaine by L. monocytogenes, Ko et al. grew bacteria in different concentrations of NaCl or at different temperatures.  They then incubated the bacteria under the same conditions in the presence of radioactive [14C]glycine betaine and measured the rates of uptake.  The following figures show the results.
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4.	These results indicate that

	a.	glycine betaine uptake is not affected by growth conditions.
	b.	glycine betaine uptake is stimulated by high salt concentrations but not by reduced temperature.
	c.	glycine betaine uptake is stimulated by reduced temperature but not by high salt concentrations.
	d.	glycine betaine uptake is stimulated by both high salt concentrations and reduced temperatures.

	To determine if the uptake of glycine betaine depends on the formation of new transport proteins, Ko et al. performed a "temperature shift experiment" in which bacteria growing at 30oC were transferred to 37oC in the presence or absence of chloramphenicol, an antibiotic that inhibits protein synthesis.  The results are shown in the following figure.
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5.	These data indicate that

	a.	there was no increase in glycine betaine uptake following the temperature shift.
	b.	there was an increase in glycine betaine uptake due to synthesis of a new transport system.
	c.	there was an increase in glycine betaine uptake due to activation of a pre-existing transport system.
	d.	there was an increase in glycine betaine uptake due both to synthesis of a new transport system and to activation of a pre-existing transport system.


Written by:
Charles E. Deutch, Microbion Research
1995
Charles.Deutch@asu.edu

image1.jpeg
250
5
)
§ 200
o
o
E 150 1
s
% 100
£
=
5 50
«
0
0 2 4 6 8
NaCl (%)
B
15
3
2
°
a
o 101
£
£
£
£
3 5
2
<
«
0
0 10 20 30 40
Temperature (°C)

FIG. 1. Regulation of transport of glycine betaine by salt concen-
. tration and by temperature. Uptake of ["“Clglycine betaine (y axes)
was measured as described in the text. (A) Cells grown at 30°C in
modified Pine’s medium containing the salt concentrations indicated
were assayed in the same medium; (B) cells grown in modified Pine’s
medium at the temperatures indicated were assayed at those temper-
atures. Uptake rates are normalized to total cellular protein.

These results indicate that

a. glycine betaine uptake is not affected by growth conditions.
b. glycine betaine uptake is stimulated by high salt concentrations but not by

reduced temperature.
glycine betaine uptake is stimulated by reduced temperature but not by high salt

concentrations.
d. glycine betaine uptake is stimulated by both high salt concentrations and reduced

temperatures.
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To determine if the uptake of glycine betaine depends on the formation of new transport
\_ proteins, Koetal. performed a "temperature shift experiment’ in which bacteria growing at 30°C
were transferred to 7°C in the presence or absence of chloramphenicol, an antibiotic that inhibits
protein synthesis. The results are shown in the following figure.
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5. These data indicate that

a. there wasno increase in glycine betaine uptake following the temperature shift

& b, there was an increase in glycine betaine uptake due to synthesis of a new transport
system.
¢ there was an increase in glycine betaine uptake due to activation of a pre-existing
» transport system.

d. there was an increase in glycine betaine uptake due both to synthesis of a new
transport system and to activation of a pre-existing transport system.





Area: Microbial Growth


 


Microorganism: 


Listeria monocytogenes


 


Reference: Ko, R., Smith, L. T., and Smith, G. M. 1994. Glycine betaine confers enhanced 


osmotolerance and cryotolerance on 


Listeria monocytogenes


. Journal of Bacteriology 


176: 426


-


431.


 


 


 


Listeria monocytogenes


 


is an opportunistic Gram


-


positive pathogen th


at causes 


listeriosis, a disease characterized by fever, diarrhea, and sore throat.  This disease is fatal as 


much as 25% of the time and is normally transmitted through foods such as cheese, milk, and 


coleslaw.  One factor that appears to contribute to ou


tbreaks of listeriosis is the ability of 


L. 


monocytogenes


 


to grow vigorously at refrigerator temperatures and to tolerate high salt 


concentrations.  Ko et al. (J. Bacteriol. 176: 426


-


431, 1994) recently examined the accumulation 


of glycine betaine as an os


motically compatible solute by these bacteria.


 


 


1.


 


Based on its vigorous growth at refrigerator temperatures (about 4


o


C), one would classify 


L. monocytogenes


 


as a:


 


 


 


a.


 


psychrophile


 


 


b.


 


mesophile


 


 


c.


 


thermophile


 


 


d.


 


refrigophile


 


 


 


Ko et al. first measured 


the intracellular concentrations of several different compounds 


after growth of 


L. monocytogenes


 


in a rich complex medium under different conditions.  The 


results are shown in the following table.


 


 


 


 


 


 


     


intracellular concentration (mM) after growth in


 


 


solute


 


 


 


    


0 NaCl/30


o


C


  


8% NaCl/30


o


C


  


0 NaCl/4


o


C


  


8% NaCl/4


o


C


 


    


 


 


glycine


 


 


betaine


 


       


65


 


 


     


1300


 


 


310


 


       


1800


 


 


 


 


glutamate


 


 


     


200


 


 


      


640


 


 


350


 


         


430


 


 


 


carnitine


 


 


     


120


 


 


    


<100


 


 


430


 


         


<75


 


 


2.


 


From these data, one 


can conclude that:


 


 


 


a.


 


the concentrations of the three compounds are not affected by growth conditions


 


 


b.


 


the concentrations of all three compounds increase in response to both increased 


salt concentration and reduced temperature.


 


 


c.


 


the concentrations 


of glycine betaine and carnitine increase in response to both 


increased salt concentration and reduced temperature.


 


 


d.


 


the concentration of glycine betaine increases in response to both increased salt 


concentration and reduced temperature.


 


 




Area: Microbial Growth   Microorganism:  Listeria monocytogenes   Reference: Ko, R., Smith, L. T., and Smith, G. M. 1994. Glycine betaine confers enhanced  osmotolerance and cryotolerance on  Listeria monocytogenes . Journal of Bacteriology  176: 426 - 431.       Listeria monocytogenes   is an opportunistic Gram - positive pathogen th at causes  listeriosis, a disease characterized by fever, diarrhea, and sore throat.  This disease is fatal as  much as 25% of the time and is normally transmitted through foods such as cheese, milk, and  coleslaw.  One factor that appears to contribute to ou tbreaks of listeriosis is the ability of  L.  monocytogenes   to grow vigorously at refrigerator temperatures and to tolerate high salt  concentrations.  Ko et al. (J. Bacteriol. 176: 426 - 431, 1994) recently examined the accumulation  of glycine betaine as an os motically compatible solute by these bacteria.     1.   Based on its vigorous growth at refrigerator temperatures (about 4 o C), one would classify  L. monocytogenes   as a:       a.   psychrophile     b.   mesophile     c.   thermophile     d.   refrigophile       Ko et al. first measured  the intracellular concentrations of several different compounds  after growth of  L. monocytogenes   in a rich complex medium under different conditions.  The  results are shown in the following table.                   intracellular concentration (mM) after growth in     solute            0 NaCl/30 o C    8% NaCl/30 o C    0 NaCl/4 o C    8% NaCl/4 o C            glycine     betaine           65           1300     310           1800         glutamate           200            640     350             430       carnitine           120          <100     430             <75     2.   From these data, one  can conclude that:       a.   the concentrations of the three compounds are not affected by growth conditions     b.   the concentrations of all three compounds increase in response to both increased  salt concentration and reduced temperature.     c.   the concentrations  of glycine betaine and carnitine increase in response to both  increased salt concentration and reduced temperature.     d.   the concentration of glycine betaine increases in response to both increased salt  concentration and reduced temperature.    

