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Abstract: Quantitation assay of Escherichia coli, Samonell sp. and Vibrio cholerae cells investigated by
exploiting the component consistently present on the outer surface of Gram-negative bacteria. In this study,
a simple marine biolysate-based methed for simultaneous detection of the gram negative pathogenic bacteria
based on lipopolysaccharide component was optimized. The detection technicque focused on the surface of
these bacterial species, which is covered by polysaccharides and has high affinity to marine biolysate. E. coli,
Samonell sp. and V. cholerae with similar imtial cell count per mL have different but consistent absorbance
readings by using the spectrophotometer and turbidity meter. This revealed that different genera of Gram
Negative bacteria can be directly differentiated through standard curve that is plotted from the carbohydrate
and marine biolysate assays absorbance readings. Both the assays elucidated a qualitative and quantitative
detection of the pure culture pathogens.
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INTRODUCTION

Twrbidity methods offer possibilities for generating
data required for addressing microorganism variability in
risk modeling given that the results of these methods
correspond to those of viable count methods The rapid
detection of microbial contaminants in food 1s critical for
ensuring the safety of consumers. Traditional methods for
detection of foodborne bacteria as gold standard in the
microbiology environment eventhe disadvantages of this
technique like time-consuming growth in culture media,
followed by isolation, biochemical identification and in
some nstances serology. Based on structural information
regarding various unique molecules including the
lipopolysaccharide is continuously applied in the
development of faster, more convenient biochemical
assays. Lipopolysaccharides (LP3) are major constituents
of the cell wall of Gram-negative bacteria (Raetz, 1990).
L.PS molecules consist of a lipid core (lipid A) attached to
a hydrophilic polysaccharide moiety (O-antigen). The lipid
A core 18 believed to be responsible for most of the
biological properties characteristic of bacterial endotoxins
(Holst et ai., 1993). High levels of similarity are eminent

amongst the lipid A molecules of various bacteral
species. A 2-keto-3-deoxyoctonate (KDO) links the lipid
A moiety with the O-antigen. This O-antigen is the only
variable region in the L.PS molecule and is responsible for
the diverse response of different bacterial strains to strain
specific antibodies (N1 Eidhin and Mouton, 1993). LPS
from gram-negative bacteria induce the amoebocytes of
horseshoe aggregate and degranulate.
Presumably, LPS-induced coagulation cascade represents
an important defense mechanism used by horseshoe
crabs against invasion of gram-negative bacteria
(Armstrong and Rickles, 1982). The amoebocyte lysate
has been used for decades as a tool to detect trace
concentrations of LPS in solution: Limulus amoebocyte
lysate (LAL) test (Levin ef al., 1970; Novitsky, 1994). The
molecular mechanism of coagulation in horseshoe crab
has been established and involves a protease cascade.
The mitial activator of the clotting cascade, factor C
functions as a bicsensor that responds to LPS. Since
factor C can be activated by femtograms of LPS, it is
conceivable that it has an LPS binding region that exhibits
exceptional high affimity for LPS. Consequently, thus LPS
binding domain can be used to detect gram negative

crabs to
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hacteria like Salmowella, Viwio cholera and B coll.
Considering the problems associated with food born
disease associated LPS-grame netaive bacteria we
developed a torbidity and colorimetric methods for the
detection of gram negative LP3. The overall objectives of
thiz studyr were taro fold: to identifyy the best approacthy, in
terms of accowacy and comverdence, for determining
growth parameters using tarbidity data and to apply this
approach  to  characterize the wvatlalion in growth
patameters of Escherichia coli, Salmorella and Fibrio
cholere.

MATERIALS AND METHOD S

Source of bacteria: The bacteria used in this studsy, were
3 reference strains of Escherichia coli, 5 F cholera
straine  were provided by (Depatmert of Clirdca
Laboratory Sciences) and the 5 Salmeomella sp. were
collected from the bactericlogy department, Faoalty of
V eterinarian TP,

Marine biolysate source: Live marine invertebrates were
collected for the marine biolysate aseptically using
hypodermic needle (15 &), & sterile container filled with
anticoagl art was used for the collection container Fig 1.

Preparation of susp ension in 1 mL tube with d ifferent
cell concentrations: To s the Woassay, pure bacteria
igolates (Eschericlia ecoli, Salmonella sp. and Fibrio
cholerag) were grown overtdght in Etflerameter flasks
cotitaititis LR broth (Metck, Germant?) and transfert ed to
Petri dishes plate contaiming cheomocult coliform agar
(MWletcl, Germars?). The inondatingloop was sterilized by
hedting red hot inthe gas torner flame. The lid of the LB
broth (Metcl, Gettmary) was lifted slightly A small
attiount of the broth was taken with the inocdating loop
atud the lid cdosed. The 1id of the cheom oot plate was
lifted just high enough to enable streakitg of inooidwm
otito the agat sutface. Lopes of cells was placed on agar
atud then streaked back and forth The streak wastepeated
2.3 times. The loop was flamed before proceeding to the
riext steps. All the plates were inoubated upside down,
with the agar-containing portion w. For each isolates, 3-5
plateswere prepared.

Tuwrb d ity assay: To carty out the turbd dity assay, 20 mL
of marine hiolysate put in a 20 mL pre-prepared anti-
coagulant reagent (3% MaCl + 0.145% NEM + 150 pL
abzolute aecohol) which contain in an sutoclaved flask
The process was proceeded the same preparation of
isolates as mentioned above using suspension contaning
different mmumber of bacteria colondes per ml. After the

;$?
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Fig 1:Dlarine ardmal horseshoe crab

tubes ate ready, 100 pL of moarine bdolysate blood was puat
into each tube atd mixed well. The absorbance readings
of the mixtire were taken at 520 ton of torbidity meter
(SECOLIAM. Germany) after 30 min To make swe the
marine biclysate blood waz functioned;, absorbance
reading of the blank bacterial tubes withmat reagent was
taken before carrying on the carbolyydrate assay and
turbidity assay. Beside that, spread plate was needed to
confirm the population of cell in each tube which had
multiplied after & hincubation Spread plate teched que was
cartied out using a bend glags rod (Hockey stick in shape)
dipped irdo a beaker cortaining alcohol. The acohol
wetted glass rodwas passed through the flame. The flame
was allowed to go instantanecously. The dlass rod was
cooled by touching it on a clean agar ;uface. The
inoculum was spread out by moving the glass rod
gideways The agar plate was rotated so that the inocodam
was well spread ot When the plate had dried o, the
plate was itrverted and incubated Therefore, a gerial
dilution of each bacterial sispension was prepared. An
alicuot of 0.1 mL from each diluted suspension was plated
out, ineubated, foll owred by colony count after 24 1 Initial
bacterial population was determined by multiply col oy
forming wnit to the dilution factor. Average count of 3
plates used to cal ol ate the bacterial pogalation.

Carbohydrate assay: Carbolyrdrate assay was used to
determine the relative amounts of Lipopolysaccharide
(LFE) carbolydrates presert in each fube of bacterial
suspension idtialy with differert menber of bacterial
col argy per tube for each given bacterial genera The tubes
were first cooled in anice bath, After that 200 pL reagerts
Ardml HO +24 mL cone. H 30, was added. The tubes
were shaken carefilly and warmed to room tetn perative
32°C. Thetubeswere later boiledin water bath for exactly
20 mit andimmediately cooledtoroom temperatire vnder
coldwater tap. Abowt 20 pL reagerts B (0.3 2 eysteine Hel
in 10 mL dHO (fredy) was added and mived Then

1388



Res. J. Biol. Sei., 3 (12): 1387-1391, 2008

the tubes were let to stand for 30 min in the dark at room
temperature. The step of reading absorbance at 450 rm n
a spectrophotometer (UV1601, SHIMAOZU) was carried
on after 30 min.

RESULTS

Biolysate-based turbidity assay: The marine biolysate it
able to detect many gram negative bacteria E. coli, Sal sp.
and V. cholera. The Turbidmeter (Germany) at 580 nm was
used to verify a preparation of 5x10' CFU mL™ by
comparison of the optical density to known standards, as
shown in the (Fig. 2) the absorbance reading of respective
sertally diluted test bacteria upon coagulation with marine
biolysate. Absorbance of turbidity of bacterial colony-
forming unit/m1. of different Genera with marine biolysate
readings for three bacterial genera in different initial
numbers of bacterial colony. Based on the figure,
absorbance readings increased consistently from high
bacterial cell mumbers to low cell mumbers.

Carbohydrate based assay: Carbohydrates in the form of
capsular polysaccharides (PSs) are the major components
on the surface of bacteria. These molecules are important
virulence factors in many bacteria isolated from infected
persons. Detection of these components confers
protection agamst the disease. Based on carbohydrate
assay the result show the absorbance reading at 415 nm
for different bacterial genera studied, namely, E.coli
Salmonella sp. and V. cholera. Different numbers of
bacterial colony per tube for each bacteral genus gave
different absorbance readings. Bacterial populations per
mL were based on the average count of the plates.
Figure 3 shows the high concentrate of color activity of
Salmonella sp. in compare to E.coli and Vibrio cholera

Turbidity assay of 3 different gerera of bactertia with marine biolysate
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Fig. 2: Reactivity of marine biolysate (100 pL) towards
different bacterial colony-forming unit/mI. turbidity
assay indicated that the high turbidity notice with
the Salmoenalla sp. m compare to E. cofi and
Vibrio cholera when we added the marine
biolysate lysate at 580 nm
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Fig. 3: The color activity of Salmonella sp., E. coli and
V. cholera when carbohydrates assay measure at
415 nm

when the carbohydrate assay measure at 415 nm show
that it can be differentiate between different genera of
gram negative bacteria.

DISCUSSION

Our study revealed that thus new approaches that can
aid in the detection and identification of living
microorganisms and that may play a role in planetary
protection, particularly m the analysis and reduction of
food borne complications. On the other hand, the use of
this advanced detection methods to identify the potential
wide range of gram negative microorganism may lead to
reduction techniques that are targeted at groups of
orgamsms of specific concem for planetary protection
and the present study is a platform study to improve
detection method of gram negative pathogens by
exploiting surface polysaccharide structure of gram
negative bacteria genera. The present study showed that
both carbohydrate and twbidity assay, absorbance
reading decrease accordingly upon serial dilutions. Serial
diluting the bacteria reduced the cell count of bacteria per
mL and thus corresponds to the reduction in absorbance
reading. The absorbance reading also revealed that
different bacterial genera gave absorbance reading at
different ranges even when the mtial cell count per mL for
all 3 genera was similar. The group of serally diluted
Salmonella sp. suspension recorded highest range of
absorbance, followed by E. coli and V. cholera. Similarly
for the marine biolyssate assay, the group of senally
diluted Salmonella sp. suspensions recorded highest
range of absorbance reading. However, the readings were
higher for E. coli suspension than the V. cholera
suspension and for both assay the highest cell count per
mL for three genera didn’t show any overlap in the
absorbance reading and the reading for Salmonella sp.
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are consistently high for the highest cell count. The
present study optimized a simple method based on marine
biolysate blood to detect gram negative pathogens since
the marine biolysate only coagulate upon addition of gram
negative bacteria. The method was specific and sensitive
to detect the gram-negative pathogens. Unlike the
conventional methods, current methods, the marine
biolysate-based method was easy, less expensive and
time saving since a single step of adding marine biolysate
to the bacterial culture can detect gram negative bacteria.
No cultivation or lysing of cells 1s required. The turbidity
assay graph using marine biolysate blood illustrated
different turbidity values among the 3 pathogens at
580 nm. Salmonella sp. still had the highest color activity
among the three bacterial genera similar to the
carbohydrate assay figure. The turbidity values could
be corresponding to the coagulogen that formed
when the biolysate blood mixed with the cell wall
(lipopolysaccharide) of the pathogens. Safmonella sp.
showed the highest absorbance reading which could be
attributed to a longer polymer numbers in O-specific chain
than the other 2 bacterial genera.

More coagulogens were formed and more amount of
light was absorbed when Salmonella sp. was exposed to
the biolysate blood. The tubidity meter measured the
light that had been blocked by the coagulogen so the
reading was high. The graph showed the highest color
activity for Salmonella sp. followed by Escherichia coli
and V. cholerae at 415nm. Differences in color activity
and absorbance readings could be attributed to the type
of carbohydrate i the lipopolysaccharide layer of gram-
negative bacteria. Lipopolysaccharide 1s an extensive
polymer of carbohydrate monomers at the cell wall of
these pathogens (Seydel ef al., 1999). Through, the
carbohydrate  assay, the relative amounts of
lipopolysaccharide carbohydrates could be speculated.
The carbohydrate assay complex as it could only
scan for reasonable data on 3 types of sugars (hexose,
6-deoxyhexose and heptose) at various wavelengths. The
sugars were found in the outer core and inner core
separately. The trends of data for both assays were similar
implicating the roles of the carbohydrate component of
the lipopolysaccharide. Salmonella sp. recorded the
highest activity in various numbers of cells at different
bacterial cell suspensions, V. cholerae recorded the
lowest activity and E. coli always showed second low
activity. The meamn factor attributed to different
absorbance readings could be the length of polymer
chains in the three bacterial genera. The three bacterial
genera had different length of polymer chain, which built
up the O-antigen (Amold ef al., 1985 and Dubais et al.,
1956). Thus, different levels of coagulogens affected the

amount of light absorbing. Both assay recording for
different genera but all genera had similar initial cell count
per mL and all three genera were subjected to similar fold
dilution as Fig. 2 and 3.

The trend in absorbance readings revealed that the
different genera of gram-negative bacteria could be
differentiated based on absorbance reading of both
marine biolysate and carbohydrate assays. Both assays
are being optimized to enable not only qualitative
detection but also quantitative detection for the
pathogens direct from the samples. Tuwbidity 1s
proportional to the cell concentration (Begot et al., 1996;
Metris ef al., 2003, 2005). The range of proportionality
depends on the size and shape of the bacteria, which can
1in turmn be affected by environmental conditions. Turbidity
1s the ratio of mtensities of the incident light intensity and
the light scattered by the culture. The range of
proportionality depends on the size and shape of the
bacteria, which can m turn be affected by environmental
conditions. Turbidity measurements are used to estimate
the growth parameters of bacteria as an alternative to
traditional plate counts (Metris et «al., 2003, 2005).
Estimation of microbial turbidity and carbohydrate
measurement from absorbance measurements have the
advantages of being rapid, non-destructive, inexpensive
and relatively easy to automate as compared to many
other techmiques and particularly when compared to
classical viable counts methods. On the other hand,
absorbance detection of serially diluted cultures allowed
accurate estimation of absorbance values and a method
for estimation of lag time from such data was recently
suggested (Cuppers and Smelt, 1993; Barany1 and P,
1999). Absorbance detection of serially diluted cultures of
turbidity and carbohydrate estimation allowed accurate
estimation of absorbance values and a method for
estimation of turbidity and difference i color from such
data was recently suggested (Cuppers and Smelt, 1993,
Baranyi and Pin, 1999). Their use has increased as new
trends n predictive microbiology have started to focus on
the quantification of the variability of bacterial responses
to food environments.

REFERENCES

Armstrong, P.B. and FR. Rickles, 1982. Endotoxin-
induced degranulation of the Limulus amebocyte.
Exp. Cell Res., 140: 15-24. PMID: 6286331,

Amold, A. Peterson and and Estelle J. McGroarty, 1985.
High-Molecular-Weight Components in Lipopolysac-
charides of Salmonella typhimurium, Salmonella
minnesota and Escherichia coli. . Bacteriol,
pp: 738-745. PMCID: PMC218912.

1390



Res. J. Biol. Sei., 3 (12): 1387-1391, 2008

Baranyi, J. and Pin C., 1999. Estimating bacterial growth
parameters by means of detection times. Appl.
Environ. Microbiol,, 65: 732-736. PMCID: PMC91087.

Begot, C., . Desnier, I.D. Daudin, J.C. Labadie and
A, Lebert, 1996. Recommendations for calculating
growth parameters by optical density measurements.
J. Microbiol. Methods, 25: 225- 232, DOL:10.1016/0167
-7012(95)00090-9.

Cuppers, H.G.AM. and TP.P.M. Smelt, 1993. Time to
turbidity measurement as a tool for modeling spoilage
by Lactobacillus. T. Ind. Microbiol., 12: 168-171.
DOI: 10.1007/BF015841 86.

Dubots, M., K.A. Gilles, J K. Hamilten, P.A. Rebers and
F. Smith, 1956. Colorimetric method for determination
of sugars and related substances. Anal. Chem.,
28: 350-356. DOL: 10.1021/ac60111a017.

Heolst, O., S. Muller-Loemies, B. Lindner and H. Brade,
1993, Chemical structure of the lipid A of
Escherichia coli I-5. Bur. I. Biochem., 214: 695-701.
PMID: 8319680.

Levin, I, Tomasulo, P.A. andR.S. Oser, 1970. Detection of
endotoxin in humen bleod and demonstration
of an inhibitor. J. Lab. Clin. Med. 75: 903-911.
PMID: 5421075,

Metris, A., SM. George, M.W. Peck and I. Baranyi, 2003.
Distribution of turbidity detection times produced by
single cell-generated bacterial populations. T.
Microbiol. Methods, 55: 821-827. DOL10.1016/
j.mimet.2003.08.006.

Metris, A, Y. Le Marc, A. Elfwing, A. Ballagiand
. Baranyi, 2005. Modelling the variability of lag times
and the first generation times of single cells of Z.
eoli. Int. J. Food Microbiol., 100: 13-19. DOIL:10.1016/
J-ijfoodmicro.2004.10.004.

Ni Eidhin, D. and C. Mouton, 1993. A rapid method for
preparation of rough and smooth lipopolysaccharide
from Bactercides, Porphyromonas and FPrevotella.
FEMS Microbiol. Lett., 110: 133-138. PMID: 8349089,

Novitsky, T.T., 1994, Limulus Amoebocyte Lysate (LAL)
detection of endotoxin in human blood. J. Endotoxin.
Res., 1: 253-263. DOT: 10.1177/0968051994001 00407,

Raetz, CR., 1990. Biochemistry of endotoxins. Ann. Rev.
Biochem., 59: 129-170. PMID: 1695830.

Seydel, U, AT Ulmer, 5. Uhlig and E.Th. Rietschel, 1999.
Lipopolysaccharide, a membrane-forming and
inflammationinducing  bacterial
Membrane Structure mn Disease and Drug Therapy.
In: Zimmer, G. (Ed.). Marcel Dekker Inc., New York,
pp: 217-252. ISBN-10: 0824703618,

macromolecule.

1391



