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SUMMARY: The effect of pH of the medium and temper ature of incubation was studied on motility of
four strains of 2 Listeria species. All the strains were found to be non-moatile at pH 4. The motility was
observed at a pH range of 5.5 to 9.0. However, the optimum pH and temperature for motility was 7.0 and
22°C respectively. The strains NCTC 7973 and C-274 were, however, motile at pH 5.0. At pH 10, NCTC
5214 m, C-274 and NCTC 7973 were motile at 22°C with the exception of C-274 which was motile also
at 35°C. NCTC 5214 mwas motile at pH 11 only at 22°C whereas C-274 was motile at both 22 and 35°C.
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INTRODUCTION

The members of the genus Listeria are pathogenic
to a very wide range of animals (6, 7) causing multiple
clinical manifestations including abortion or still birth in
pregnant farm animals (1, 8, 9, 12-17).

Listeria that has previously been placed as a
member of the family Corynebacteriaceae (2) has now
been classified with "Erysipelothrix" and "Caryopha-
non", a group entitled as Genera of uncertain affiliation
(3,11,19, 20). The cells are small, gram positive, non-
sporing, usually non- capsulated (5, 21), non-acid-fast,
diptheroid rods (12). All members when grown at 20-
22°C in liquid media show characteristic tumbling
motility but appear sluggishly motile when grown at
37°C for 24 hours (12). The motility of this group is
attributed to by the presence of peritrichous flagella
(18, 22-24).

To elucidate whether the motility is the function of
temperature alone, we designed this experiment to
study the motility at two different temperatures in the
medium having different pH values. We also wanted to
determine whether the organisms only loose
motility/growth or both at different temperatures when
exposed to different pH values.
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MATERIALS AND METHODS

Organisms and media

Three strains of L. Monocytogenes (NCTC 5214 m, NCTC
7973 and C-274), serotype 4a, 1/2a and 4b respectively, and
one strain of L. seeligeri (SLCC 3954) were used. The
organisms were maintained at 5°C in tryptose phosphate agar
(TPA pH 7.3 oxoid). From these stock cultures maintained at
5°C, inoculum was taken into TPB and incubated at 30°C for
subsequent experiment.

Effect of temperature and pH

Motility medium containing gelatin (Oxoid) 30 gm; brain
heart infusion broth (Merck), 25 g; K;HPO,, 02 g; KNO3, 02 g;
agar, 1 g and distilled water 1 liter (quantity of agar varied
when pH was above 9 and below 6), was prepared and
adjusted to appropriate pH values ( 4, 5, 5.5, 6, 7, 9, 10 and
11). pH was adjusted using 2.5 M Lactic acid (Merck) and
Sodium hydroxide 1 M. The medium was dispensed in U-
tubes and autoclaved at 121°C for 15 minutes.

Cultures of each strain was grown for 24 hours in TPB at
30°C. From this growth 0.1 ml of inoculum was added to one
of the arms of U-tube which was then incubated at 35°C and
22°C, for 24 and 72 hours respectively. After incubation
distance traveled by the organisms in the inoculated arms of
U-tube was noted.

RESULTS

Tables 1 and 2 show the results of motility of Listeria
species at 22°C and 35°C in media having varying pH
values. No growth and consequently no motility was
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Table 1: Motility of Listeria species incubated at 22°C on various pH values.

Listeria Time of Swarming index at various pH values
species incubation
4.0 5.0 5.5 6.0 7.0 9.0 10.0 11.0
24 hours - - ++ ++ ++ + + +
NCTC 5214 m
72 hours - - +++ ++++ ++++ ++++ +++ ++
24 hours - + ++ +4++ +++ + + +
C-274
72 hours - ++ ++ +++ +++ +++ ++ +
24 hours - ++ ++ ++ +++ ++++ + -
NCTC 7973
72 hours - ++ +++ ++++ ++++ ++++ +++ -
24 hours - - ++ ++ +++ + - R
SLCC 3954
72 hours - - +++ o+ ++++ + - R
- = No growth,
+=0.1-1.5cm,

++=1.6-3.0 cm,
+++=3.1-45cm,
++++ = 4.6 cm and above.

Table 2: Motility of Listeria species incubated at 35°C on various pH values.

Listeria Time of Swarming index at various pH values
species incubation
4.0 5.0 55 6.0 7.0 9.0 10.0 11.0
24 hours - - + ++ +++ + - -
NCTC 5214 m
72 hours - - ++ ++++ ++++ ++ - -
24 hours - + + + ++ + + +
C-274
72 hours - + ++ ++ +++ + + +
24 hours - + ++ ++ ++++ ++++ - -
NCTC 7973
72 hours - + ++++ +++ ++++ ++++ - -
24 hours - - + ++ T+ + _ ~
SLCC 3954
72 hours - - + ++++ +++ ++ - -
- = No growth,
+=0.1-1.5cm,
++=1.6-3.0cm,

+++=3.1-4.5cm,
++++ = 4.6 cm and above.
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exhibited at pH 4 by any of the Listeria strains used in
this study. However all the four strains showed a positive
viable test on TPA even after one month incubation.

At pH 5 similar results of motility was observed in
tubes inoculated with strains NCTC 5214 m and SLCC
3954. C-274 traveled to the same distance at 22°C and
35°C after 24 hours of incubation. Motility was, how-
ever, considerably increased in the tubes incubated at
22°C after 72 hours. NCTC 7973 behaved differently
and distance traveled by this strain at 22°C after 24
hours was comparatively greater and no further
increase in distance was observed even after 72 hours
incubation. In contrast to 22°C, at 35°C the movement
continued up to 72 hours. Nonetheless the overall
distance traveled by the bacterium was less what was
covered at 22°C by the same strain.

All four strains were motile at pH 5.5 and approxi-
mately same distance was observed in tubes incubated
at 22°C after hours. There was an increase in distance
covered, with increasing time of incubation up to 72
hours, the only exception was C-274. The overall
distance covered was less in the tubes incubated at
35°C except NCTC 7973 which traveled approximately
the same distance after 24 hours as at 22°C, but the
overall distance after 72 hours was much greater. A
slight increase in the distance covered was evident in
other three strains until 72 hours.

At pH 6, 7 and 9 a characteristically similar pattern
of motility was observed. The organisms showed
motility after 24 hours of incubation which continued to
improve, with time up to 72 hours at both the tempera-
turesi.e. 22°C and 35°C. The distance covered after 24
hours being lesser and greater after 72 hours. Only
NCTC 7973 contradicted these findings as they cove
hours of incubation with no further improvements in
tubes at pH 9.0 at 22°C and pH 7.0 and 9.0 at 35°C.

At pH 10 except SLCC 3954 all the three strains
showed their characteristic pattern of motility at 22°C.
There was hardly any movement observed except for
growth on the top after 24 hours. However, there was a
marked increase in the distance traveled by NCTC
5214 m, C-274 and NCTC 7973 after 72 hours. At 35°C
only C-724 has shown the evidence of movement and
growth, the pattern was similar to that at 22°C, but the
overall distance covered was lesser.

At 22°C, the medium having pH 11, only two strains
NCTC 5214 m and C-274 revealed motility as merely
the growth on surface after 24 hours with slight increase
in distance after 72 hours. Only C-724 was motile at
35°C with similar result as for 22°C incubation.
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DISCUSSION

Results of the present investigation revealed that all
the three different strains of Listeria monocytogenes
and one strain of L. seeligeriremain motile over a wide
range of pH from 5-9 with a characteristic slightly
sluggish motility at 35°C than at 22°C. It also supports
the evidence provided by previous workers that a pH
value 7 and temperature of incubation 22°C is optimum
for the motility (12).

The significant observation made in this investiga-
tion is that the strains of Listeria monocytogenes can
tolerate extreme pH values, with intact motility, at as
low pH as 5 by NCTC 7973 and C-274 both at 22°C
and 35°C, and as high as pH 11 by Listeria monocyto-
genes NCTC 5214 m at 22°C and C-274 both at 22°C
and 35°C. None of the strains was, however, able to
provide any evidence of motility at pH 4.

The literature reveals a little information concerning
the motility of Listeria species at extreme pH values.
The results of the previous experiments were reported
that Listeria monocytogenes can demonstrate growth
and tolerance to environmental stresses, such as
moderate concentrations of sodium chloride and low
pH values (4). No report is available that would indi-
cate the tolerance of different strains of Listeria
species to alkaline pH, as high as 11. Further research
is needed to identify the factors responsible for the
motility, the chemical nature of flagella at extreme con-
ditions, the influence of these environmental stresses
on cellular and flagellar morphology, as well as the
influence of these factors on the Pathogenicity of Lis-
teria species.

The rapid detection of Listeria species in environ-
mental samples is difficult and in most cases trouble-
some. The low level of Listeria cells in samples often
goes undetected. Based on the present study it may
be the possibility that to characterize the complete pro-
file of flagellar proteins of Listeria by polyacrylamide
gel electrophoresis produced at different pH values.
This technique may provide a clue to develop a
method to detect the presence of Listeria species in
environmental samples by detecting proteins, com-
monly found in flagella produced by Listeria species
under extreme environments (pH values).

ACKNOWLEDGEMENT

The authors acknowledge with thanks Prof. Dr. H.
P.R. Seeliger (Institute Fur Hygiene and Mikrobiologie
der Universitat Wirzburg) who provided us with cultu-
res of L. seeligeri (SLCC 3954).

30



MOTILITY OF LISTERIA SPECIES

REFERENCES

1. Barlow RM, McGorum B : Ovine listerial encephalitis:
Analysis, hypothesis and synthesis. Vet Rec, 116:223-236,
1985.

2. Breed RS, Murray EGD, NR Smith : Bergey's manual of
determinative bacteriology, Seventh ed. Williams and Wilkins
Co, Baltimore, 1957.

3. Buchanan RE, Gibbons NE : Bergey's manual of deter-
minative bacteriology. Eighth ed. Williams and Wilkins Co,
Baltimore, 1975.

4. Conner DE, Brackett RE, Beuchat LR : Effect of temper-
ature, sodium chloride and pH on growth of L. monocytogenes
in Cabbage juice. Appl Env Microbiol, 52:59-63, 1986.

5. Cruickshank R : Medical Microbiology. A guide to the
laboratory diagnosis and control of infections. Eleventh ed, E
and S Livingstone Ltd, 1969.

6. Gray ML : Infections due to L. monocytogenes in
Wildlife. Transaction twenty-ninth N Am Wildlife and National
Resource Conference, pp 202-214, 1969.

7. Gray ML, Killinger AH : L monocytogenes and Listeric
infections. Bact Rev 30:309-382, 1966.

8. Gray ML : Experimental listeriosis in pregnant animals.
In: Listeriosen, Ed by E Roots, DP Strauch. Zentbl Vet Med
Suppl, pp 110-116, 1958.

9. Gronstal H : Isolation of L. monocytogenes from organs
of slaughtered animals and dead animals submitted for post-
mortem examination. Acta Vet Scand, 21:11-17, 1980.

10. Gronstal H, Overas J : Listeriosis in sheep. Tick borne
fever used as a model of predisposing factors. Acta Vet
Scand, 21:533-545, 1980.

11. Jones D : The genus Erysipelothrix. In Bergey's
manual of systematic bacteriology, vol 2. Ed by PHA Sneath,
JG Holt, Willliams and Wilkins, Baltimore, 1986.

12. Khan MA : Studies on L. monocytogenes. Ph D
(Thesis). Nottingham, 1971.

13. Low JC, Renton CP : Septicemia, encephalitis and
abortion in a housed flock of sheep caused by L. monocyto-
genes type 1/2. Vet Rec, 116:147-150, 1985.

14. Miller JK, Muraschi TF : Listerial vaginitis and the
interruption of pregnancy in rabbits, In : Proc Third Intl Symp
on Listeriosis: Ed The Organizing Committee Rijks Insituut
Vorr de Volkgenzond heid, Utrech, Bitthoven, pp 16-17, 1966.

31

KHALID, KHAN, SIDDIQUI

15. Njoku CO, Devis SM, Cooper RF : Listeric abortion
studies in sheep | Maternofetal changes. Cornell Vet, 62:608-
627, 1972.

16. Osebold JW, Kendrick JW, Njoku-Obi A : Cattle
abortion associated with natural L. monocytogenes infections.
JAm Vet Med Ass, 137:221-234, 1960.

17. Payne JM : Changes in rat placenta and foetus follow-
ing experimental infection with various species of bacteria. N
Path Bact, 7:367-380, 1958.

18. Peterson JS : The present position regarding L. mono-
cytogenes and Listeric infection in animal and man. Vet Rec,
51:873-876, 1939.

19. Seeliger HPR : Modern taxonomy of the Listeria group
relationship to its pathogenicity. Clin Invest Med, 7:217-221,
1984.

20. Seeliger HPR, Jones D : Genus Listeria. In Bergey's
manual of systematic bacteriology, Ninth ed, vol 2, Ed by PHA
Sneath, JC Holt, Willliam and Wilkins, Baltimore, 1986.

21. Seeliger HPR, Bockmuhl J : Kritische Untersuchunge
Zur Garge einer Kapselbildung bei L. monocytogenes. Zbl
Bakt Hyg, 206:216-227, 1968.

22. Sohier R, Benazet F, Piechand M : Sur un germe du
genre Listeria apparemment non-pathogene. Ann Inst Pasteur
(Paris), 74:54-57, 1948.

23. Welshiner HJ, Meredeth AL : Listeria murrayi sp: A
nitrate reducing, mannitol fermenting Listeria. Int J Syst Bac-
teriol, 21:3-7, 1971.

24. Wilkinson BJ, Jones D : Some serological studies on
Listeria and possibly related bacteria. In Woodbine M (ed).
Problems of listeriosis, Leicester University Press, pp 251-
261, 1975.

Correspondence:

Syed Mohammad Khalid
Department of Microbiology,
University of Karachi,
Karachi-75270,

PAKISTAN.

Journal of Islamic Academy of Sciences 5:1, 28-31, 1992



	JIAS Volume 5, No 1
	The Effect of pH and Temperature on Motility of Listeria Species
	Summary
	Introduction
	Materilas and Methods
	Results
	Discussion
	Acknowledgement
	References

