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ABSTRACT

In many scientific studies, researchers have used many unknown bacteria.
The time required for reporting and identifying these bacteria must be
evaluated. Biochemical testsare a conventional and inexpensive means of
identifying bacteria. That is why many researchers prefer to apply these
techniquesin identifying microorganisms, instead of opting for newer tech-
niques like polymerase chain reaction (PCR). Although identification of
bacteria via biochemical testsis awell-known procedure among microbi-
ologists, it consists of many complex procedures, making it very difficult
for expertsin other fields of study, such as environmentalists, chemists, or
even biotechnol ogistsand biologists, to evaluate given the lack of aquickly
available, short, and simple reference manual. The goal of this paper isto
present a systematic procedure that is completely understandable and ap-
plicable for researchers who are not familiar with microbiology or itsrel-
evant techniques. © 2015 Trade Sciencelnc. - INDIA

KEYWORDS

Microbial techniques;
Microorganism
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Biochemical tests;
Microbia manual.

INTRODUCTION

Inmany scientific studies, researchersusedifferent
typesof unknown bacteria, and reporting theidentifi-
cation of bacteriarelated to their area of researchis
necessaryt:¥l, At first glance, bacterid identificationisa
very complex procedurethat must be carried out by a
microbiologist. However, for other researcherswork-
ingindifferent fields, suchascivil engineering, environ-
mental engineering, chemica engineering, eic., theeasy
identification of bacteriaisvery difficult until they pos-
sess sufficient knowledge about biochemicd testsand

reliablereferencesinthefield of microbiology. Although
many high-tech methods have been devel oped recently
for theidentification of bacteria, such as polymerase
chainreaction (PCR), biochemicd testsaretill widely
appliedfor severd reasons. Theseincludeteststhat are
inexpensive, rdiable, and easily appliedindl laborato-
ries. Thegodl of thispaper isto devel op astandard and
simpleprotocol for theidentification of unknown bac-
teriawith afocuson biochemical testing requirements.

Asafirst stepin bacteriaidentification, two tests,
including gram and morphological characteristic tests,
should becarried out. Through thesetests, bacteriaare
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Figurel: Identification chart of bacteria

categorized into smaller groups. Then, by using other
tests, bacteriaaredivided into still smaller and smaller
groupsuntil they areidentified (Figure 1).

CLASSIFICATIONSOFBACTERIABY MOR-
PHOLOGICAL CHARACTERISTICS

Generaly, based on morphologica characteristics,
bacteriaaredivided into two major categories, those
with round-ended cylinders (bacillus) and thosewith
spheres (coccus). However, there may be others, such
ashdlically twisted cylinders (spirochetes), cylinders
curved in one plane (sl enomonads), and unusua mor-
phologies (such as the square Archaea
Haloquadratum). Various shapesof bacteriaareshown
inFigure2. Morphologica characteristicsof unknown
bacteria can be directly examined by light micro-
scopelt,

Asdisplayedin Figure 2, coccus shapes are gener-
ally spherical or nearly spherical. Describing abacte-
rium asacoccus, or sphere, distinguishesit fromaba
cillus, or rod. Thefirst step to identify bacteriaisto
examinethem by light microscopeto discern whether
the bacteriaare coccusor bacillug*?.

CLASSIFICATIONSOFBACTERIABY
GRAM TEST

The Gram test is named after itsinventor, Hans
Christian Gram. The Gram test differentiatesbacteria
into two large categories, Gram-negative and Gram-
positive. The Gramtest can distinguish Gram-positive

O OO CO

Coccus Diplococel

Diplococcl
Encapsulated
Tetrad
Streptococei
Staphylococci

> C D

Bacillus

Garcinia
Streptobacilli

C X )

Diplobacilli

j Vibrio ::

Figure2: Differ ent shapesof bacteria

Coccobacillus

Palisades

and Gram-negative bacteriabased on the physica and
chemica propertiesof their cell walls. Thistestiscom-
monly among thefirs tests applied toidentify bacteria
To apply the Gramtest, first bacteriashould be purified
andthensmall amount of bacteriacoloniesistransferred
by inoculation loop onto adlide. If bacteriaareto be
taken from a slant culture or Petri dish, a drop of
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TABLE 1: Gram-positivebacteria based on mor phological
observation

> FUYl] Paper

TABLE 2: Gram-negativebacteria based on morphological
observation

Coccus Bacillus Coccus Bacillus
Sreptococcus Corynebacterium Neisseria Acinetobacter
Peptostreptococcus Listeria \eillonella Moraxella
Enterococcus Erysipelothrix Brucella
Saphylococcus Mycobacterium (Acid Fast) Bordetella
Micrococcus Propionobacterium Bacteroides
Peptococcus Bacillus clostridium Cardiobacterium
Actinomyces Fusobacterium nucleatum
Arachnia Haemophilus
Nocardia (partially acid-fast) Bacteroides
Sreptomyces Francisella
Erysipelothrix Pasteurella
Lactobacillus Actinobacillus
Eubacterium Eikenella
TABLE 3: Categorization of gram podtiver od bacteriabased Spirillium
on ability toform spores Campylobacter
Vibrio
Ableto form spores Unableto form spores Fusobacterium
Bacill L-JS- pp. Coryneba_lcterlum Spp. Streptobacillus
Clostridium spp. Lactobacillus spp. Flavobacterium
Mycobacterium spp.
physiologicd saine(9gNaCl in 11 of distilled water) 1 2 3 4 5
should beaddedtothedide@. Notethat onlyasmall | e ]l L | |
amount of bacteria coloniesisneeded. After fixing bac- ““:"'v??:ij ~ =t B =T
teriaonthedideby gentleflameandwashingthefixed |~ ™" | |HNERA
bacteriawith crystd violet dye, iodine solution, decol -
orizeandfuchsin solutions, respectively, resultscan be .
observed under light microscope. All Gram-negative 3%
bacteriaappear asred or pink and Gram-positivebac- | oL | p :' I\ } e <)
teriaarebluein color™. After Gramtestingand obser- j S O\ S \Y

vation of bacterial morphology, bacteriacan bedivided
intofour categories. 1) Gram-positivecoccus, 2) Gram-
positivebacillus, 3) Gram-negative coccusand4) Gram-
negativebacillus(TABLES 1, 2).

GRAM-POSITIVE RODS

Gram-positiverod bacteriaincludetheacillusspp.,
Clostridium spp., Corynebacterium spp., Lactoba-
cillusspp., and Mycobacteriumspp. families. Following
the biochemical test, further testing can be carried out
inorder to identify each one of the above-mentioned
bacteria Bacteriaaretested to distinguishtheir ability
toform spores. If they are positivefor forming spores,
they can be oneamong thefollowing bacterid families:
1) Bacillus spp. or 2) Clostridiumspp. If the bacteria

Figure 3: Growing formsof different bacteriato determine
their oxygen requirements

arenot ableto produce spores, they belong to one of
thefollowing families: Corynebacteriumspp., Lacto-
bacillus spp. or Mycobacteriumspp. (TABLE 3)14.

Abletoform spores

Inthisstep, bacteriaaretested to distinguishwhether
they are obligate anaerobesor not. If they are obligate
anaerobes, they arefrom the Clostridiumspp. family.
If they are not obligate anaerobes, they are from the
Bacillusspp. family. If bacteriaare membersof Bacil-
lus spp., refer to Section 5 to see how one can identify
al family membersof Bacillusspp.

Aerobic and anaerobic bacteria can be identified
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by growing them in tubes of broth (see Figure 3).
Thioglycollate can react with oxygen and consumeit.
Therefore, inatube of Thioglycollate broth, oxygen
concentration isdecreased with increasing tube depth.
In other words, the concentrati on of oxygen on the sur-
faceand bottom of Thioglycollate brothishighest and
lowest, respectively. Inthistest, position of bacterial
coloniesdetermineswhether they are aerobic or anaero-
bic (seeFigure 3)1%9.

1. Obligate aerobes need oxygen because they can-
not ferment or respireanaerobicaly. They gather at the
top of thetube, where oxygen concentrationishigher.

2. Obligate anaerobes are poisoned by oxygen, so
they gather at the bottom of the tubewherethe oxygen
concentrationislow.

3. Facultative anaerobes can grow with or without
oxygen becausethey can metabolizeenergy aerobically
or anaerobicaly. They gather mostly at thetop because
aerobic respiration generates more ATP (adenosine
triphosphate) than elther fermentation or anaerobicres-
piration.

4. Microaerophiles need oxygen because they can-
not ferment or respireanaerobically. However, they are
poisoned by ahigh concentration of oxygen. They gather
in the upper part of the test tube but not at the very
highest position.

5. Aerotolerant organisms do not require oxygen,
asthey metabolize energy anaerobically. Unlikeobli-
gate anaerobes, however, they are not poisoned by
oxygen. They can befound evenly spread throughout
thetest tube.

Unabletoform spores

When bacteriaare unableto form spores, theacid-
fast test can hel p categori ze bacteriainto smaller groups.
Acid-fast organisms are characterized by wax-like,
nearly impermeablecdl walls, which contain mycolic
acid and largeamountsof fatty acids, waxes, and com-
plex lipids. Because their cell walls are so resistant to

most of the compounds, acid-fast organismsrequirea
gpedid typeof staningtechnique. The primary stain used
inacid-fast staining, carbolfuchsin, islipid-solubleand
contai ns phenol, which helpsthe stain to penetratethe
cell wall. This is further assisted by adding heat. The
Smear isthenrinsed with avery strong decol orizer, which
stripsthestainfrom all non-acid-fast cellsbut doesnot
permeatethecell wall of acid-fast organisms. Thede-
colorized non-acid-fast cellsthen take up the counter
stain. If bacteriaare positivefor acid-fast they may be
Mycobacteriumsmegmatis, and if bacteriaare acid-
fast negativethey should be Corynebacteriumspp. or
Lactobacillus sppt***9.,

Inthe caseof acid-fast negative, at first acatalase
test should becarried out. If theresults of the catalase
test are pogitive, then the bacteriaaremost likely to be
inthe Corynebacteriumspp. family; if theresultisnega:
tive, then the bacteriaare considered to beinthe Lac-
tobacillusspp. family.

Toidentify the bacteriafrom the above-mentioned
family members, astarch hydrolysis(SH) testiscarried
out if the bacteriaare from the Corynebacteriumspp.
family. TABLE 4 showsthat the Corynebacteriumspp.
family isdividedintotwo family members, onecontain-
ing Corynebacteriumkutscheri, which are SH-posi-
tiveand the other containing Corynebacteriumxero-
sis, which are SH-negative bacteria™.

Asprevioudy mentioned, catal ase-negative bacte-
riamay belong to the Lactobacillus spp. family. To
identify such bacteria, aglucosefermentation activity
(GFA) test and amannitol test should becarried out. If
during the GFA test acid and gas are produced, the
bacteriabel ongsto Lactobacillusfermenti; if the bac-
teriaareonly acid producers, they belongto the Lac-
tobacillus delbrueckii or Lactobacillus casei
straing*,

The mannitol test can be aconfirmatory test for
identifyingthebacteria. Bacteriaareidentified asLac-
tobacillus casal and Lactobacillusdelbrueckii, if the

TABLE 4: Identification of all family member s of Corynebacterium spp. and Lactobacillussp

Corynebacterium spp. family

Lactobacillus spp. family

Corynebacterium kutscheri®
Corynebacterium xerosi s’

Lactobacil lus fermenti*
Lactobacillus del brueckii®
Lactobacillus casei

! Catalase positive, starch hydrolysis positive? Catalase positive, star ch hydrolysis negative* Catalase negative, glucose fer mentation
positive, and gas productive® Catalase negative, mannitol negative, glucose fer mentation positive, but not acid productive® Catalase
negative, mannitol positive, glucose fermentation positive, but not acid productive
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TABLE 5: Categorization of bacteriabased on thestarch hy-
drolysistest

Starch hydrolysis Sarch hydrolysisnegative

positive
B. subtilis B. laterosporus
B. cereus B. pumilus (vp ispos., rest are
neg.)
B. megaterium B. marinus
B. stearothermophilus B. sphaericus
B. polymyxa rBéStscﬂ);agel ii (growsat 55 °C,
B. mycoides B. popilliae
B. macerans B. pasteurii
B. thuringiensis B. badius
B. macquariensis B. lentimorbus
B. licheniformis B. insolitus
B. lentus B. azotoformans
B. alvel B. larvae
B. anthracis
B. alcalophilus
B. coagulans
B. brevis
B. circulans
B. firmus
B. pantothenticus

mannitol testispositiveand negative, respectively. All
theabovearesummarizedin TABLE 4.

IDENTIFICATION OF BACILLUS SPP.
FAMILY MEMBERS

Thefirg septoidentify aBacillusspp. family mem-
ber isviathestarch hydrolysistest, which classifiesthis
family into two categories, asshownin TABLE5. The
purpose of the starch hydrolysistest isto determine
whether bacteriaare ableto producethe al pha-amy-
|ase enzyme by using starch asacomplex hydrocarbon
from glucose. To perform thistest, asmall amount of
bacteria is transferred to a culture medium
containing starch. After overnight incubation, a few
drops of iodine reagent are added to the culture me-
dium to detect the presence of starch. The reaction
occurring between theiodine reagent and the starch
create ablue-black color in the culture medium. If a
clear hal o zone appears around the surrounding col o-
nies, itindicatestheir ability to digest the starch present
inthemediuminthe presenceof apha-amylase. Asa

>  FUl] Paper

TABLE 6: Categorization of bacteriabased on catalasetest

Catalase positive Catalase negative

B. marinus B. popilliae

B. insolitus B. azotoformans
B. sphaericus B. larvae

B. pasteurii B. pasteurii 2

B. laterosporus

B. badius*®

1 Sporeisnot round, rest are? Round spore, rest are oval

TABLE 7: Categorization of bacteriabased on swollen cell
test

Swollen cell positive Swollen cell negative

B. sphaericus' B. insolitus’®
B. laterosporus B. marinus’®
B. pasteurii

* Oval spore, rest are round? Acid from glucose negative® Acid
from glucose positive

result, thebacteriaareconsdered to bestarch hydrolysis
positive31el,

Thenext stepisto categorizethebacteriaasstarch
hydrolysisnegative or sarch hydrolysispositive.

Sarch hydrolysisnegativebacteria

Ascanbeseenfrom TABLE5, alarge number of
bacteriafal ineach category, anditisnecessary toclas-
sify theminto smaller categories. Therefore, the cata-
lasetest can hel p to distinguish bacteriainto two smaller
categories, asseenin TABLE 6.

If the bacteria are catal ase negative for two bio-
chemical tests, namely the citrate and gel atinase tests,
then the bacteriacan be distingui shed from each other.
For example, through the citratetest, B. azotoformans
can bedistinguished becauseit iscitrate positive. Sec-
ondly, if thecitratetest proves negative, then the bacte-
riacan either B. larvae or B. popilliae, of which B.
larvaeand B. popilliaearegd atinase positiveand nega
tive, respectivelyi116,

If the bacteria are determined catal ase positive
through the swollen cell test, they will be categorized
into two categoriesasseenin TABLE 7.

If swollen cell positive culturesareableto produce
ova-shaped spores, they are B. sphaericus, andif their
sporesareround, then thenitratereductiontestiscalled
for. Nitrate broth isdeterminestheability of the bacte-
riato convert NO, to NO, using the enzyme nitrate
reductase under anaerobic condition. After culturingthe
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TABLE 8: Categorization of bacteriabased ontheVPtest

TABLE 9: Bacteriawith different diameters

Voges-Proskauer negative  Voges-Proskauer positive

Diameter ? 1 um Diameter <1 pm

B. coagulans B. circulans
B. subtilis B. megaterium
B. cereus B. stearothermophilus
B. polymyxa B. macerans
B. licheniformis B. badius
B. mycoides B. pantothenticus
B. thuringiensis B. macquariensis
B. alve B. lentus
B. anthracis B. alcalophilus
B. brevis

bacteriain nitrate broth, if the color of nitrate broth
changesfromredto yellow, theresult ispostive. If the
bacteriaare positivefor the nitratereduction test, they
areB. pasteurii. If they are nitrate reduction negative,
they areidentified as B. sphaericus®’.

In order to distinguish negative swollen cellsfrom
each other, theacid from glucosetest can beused. The
purpose of thistest isto seewhether the bacteriacan
ferment glucose as acarbon source. Phenol red glu-
cose (dextrose) broth isused to perform theacid from
glucosetest. Aninoculum from apure culture of un-
known bacteriaistransferred aseptically to asteriletest
tube containing dextrose. Theinocul ated tubeisincu-
bated at 35-37 C for 24 h and the results are deter-
mined. A positivetest indicatesacolor changefromred
to yellow, indicating an acidic pH changg'>%319,

Sarch hydrolysispositivebacteria

Bacteriathat show apostiveresult from starch hy-
drolysisanaysiscan becategorized into further smaller
categories by using the Voges-Proskauer (VP) test
(TABLE 8). The purpose of VPtest isto determine
that bacteriaare ableto produce non-acidic or neutra
end products. To performtheVPtes, first bacteriaare
transferred into atube containing VP broth and incu-
bated overnight. Then aregent contai ning amixture of
60% a pha-naphthol and 40% potassium hydroxide is
added to thetube. After adding thereagent acherry
red color appears, indicating that the VP test result is
positive. If ayellow-brown color appears, it demon-
stratesanegativeresult for the VP test(*®,

(a) Voges-Proskauer positive bacteria
(A) Bacteriawith diameter €’ 1im

B. cereus' B. alvel
B. anthracis’ B. subtilis
B. thuringiensis® B. polymyxa
B. mycoides® B. licheniformis
B. coagulans
1 Motile 2 Nonmotile * Makes insecticidal protein

4 Colony with rhizoidal appearance

M i croscopic observation should be conducted to
determinethebacteria diameter for VP positives. Based
on thisobservation, VP positives can bedivided into
bacteriawith adiameter greater than or equal to 1im
and bacteriawith adiameter lessthan 1im (TABLE 9).

Four bacteriaare categorized with adiameter of €”
1im, namely B. cereus, B. anthracis, B. thuringiends,
and B. mycoides. Many characteristic featuressuch as
motility, making of insecticidd protein, and colony mor-
phology can be used to distinguish these bacteria. If
bacteriawith diameter equal or greater than 1 umare
motile, they areidentified to be B. cereus; if nonmotile,
they are B. anthracis. Furthermore, if bacteriaareable
to product insecticidal protein, they are B.
thuringiensis, commonly applied asabiol ogical pesti-
cide. B. thuringiensis can produce a crystal protein
caled §-endotoxin, which aso hasinsecticidd action*®.

(B) Bacteriawith diameter greater than 1im

Ontheother hand, if bacteriaare categorized into
the segment of bacteriawith adiameter lessthan 1im
(TABLE9), thecitratetest can be employed to create
asmaller category, asshownin TABLE 10.

Citrate negativebacteriaarelimited to B. polymyxa
and B. alvel. Themannitol fermentation test (MFT) is
generaly applied to distinguish thesetwo strainsfrom
each other. If the bacteriaare MFT positive or nega-
tive, they are B. polymyxa or B. alvei, respectively.
The purposeof MFT isto detect bacteriathat havethe

TABLE 10: Categorization of bacteriabased on citratetest

Citrate positive
B. subtilis
B. coagulans
B. licheniformis

Mannitol fermentation test positive? Mannitol fermentation test
negative

Citrate negative

B. polymyxa *
B. alvei
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TABLE 11: Categorization of VP positivebacteriabased on
theswollen cell test

>  FUl] Paper

TABLE 12: Categorization of swollen cell positivebacteriaby
testing their ability grow in 6.5% NaCl

Swollen cell positive bacteria Swollen cell negative bacteria

B. megaterium®
B. badius’

B. stearothermophilus*
B. macerans

B. pantothenticus

B. macquariensis

B. lentus?

B. alcalophilus

B. brevis

B. circulans

1 Growth at 55°. The rest of the bacteria in the column of this
table cannot grow in this temperature. 2 Catalase negative.
The rest of the bacteria in the left column of this table are
catalase positive. 2 Citrate positive * Citrate negative
ability tousemannitol as their carbon source. To per-
form MFT, bacteria are added to a sterile tube con-
taining phenol red mannitol broth and then incubated
for 24 h. Thechangeof color fromredtoyelow means
theresultsof the MFT arepositive, and if thereisno
color change, theresult isconsidered negative™.

Based on TABLE 10, citrate-positive bacteriaare
B. subtilis, B. coagulans, and B. licheniformis. These
bacteriacan be categorized further by determining their
growth ability inamedium containing 6.5% sodium chlo-
ride (NaCl). To determinethisgrowth ability, bacteria
are added to asteriletest tube containing 6.5% NaCl
broth (which is a mixture of nutrient broth and 6.5%
NaCl) and incubated for 24 h. A positivetest isindi-
cated by the presence of turbidity. Bacteriathat grow
inamedium containing 6.5% NaCl areB. subtilisand
B. licheniformis. Thesebacteriaareeasily distinguished
from each other by testing their ability to grow at 55
°C. If the bacteria are able to grow at 55 °C, they are
identified to be as B. licheniformis; otherwise, they
belong to B. subtilig" 9,

(b) Voges-Proskauer negativebacteria

V P-negative bacteriacan be divided into two cat-
egoriesby usngtheswollencdl test, asshownin TABLE
11.

Swollen cell positive bacteriacan bedividedinto
smaller categoriesby testing their ability togrow ina
culturemedium containing 6.5% NaCl (TABLE 12)14,

A bacterium unableto grow in 6.5% NaCl belongs
to B. pantothenticus and B. circulans, which can be
distingui shed by using the arabinosefermentation test

Bacteria with the ability to grow Bacteria without the ability to

in 6.5% NaCl growin 6.5% NaCl
B. circulans B. pantothenticus *
B. macerans B. circulans?
B. macquariensis
B. alcalophilus
B. brevis

1 Acid via arabinose negative 2Acid via arabinose positive

TABLE 13: Categorization of bacteriabased on their ability
togrowin 6.5% NaCl withAFT

AFT positive AFT negative
B. macquariensis* B. macerans®
B. brevis? B. alcalophilus*
B. circulans®

1 Methyl red test positive 2 Methyl red test negative * Gas from
glucose positive*Gasfrom glucose negativeand no growth under
pH<7.0° Gas from glucose negative and growth under pH < 7.0

(AFT). The purpose of the AFT isto indicatewhich
bacteriacan usearabinose astheir carbon source. Phe-
nol red arabinosebroth, amixtureof nutrient broth and
0.5t0 1% arabinose, can beused for AFT. To perform
AFT, bacteriaaretransferred to asteriletube contain-
ing phenol red arabinose broth and incubated for 24 h.
Inthe case of apositiveresult, the color changesredto
yellowt12,

Inaddition, to distinguish bacteriathat cangrow in
6.5% NaCl, AFT can beapplied. Based on AFT, the
bacteriacan bedividedinto two categories (TABLE
13).

AFT-postivebacteriacontaining B. macquarienss
and B. brevis can be distingui shed viathe methyl red
test (MRT). If the bacteriaare MRT positive, they are
identified asB. macquariensis, and if thebacteriaare
MRT negative, they areidentified asB. brevis(TABLE
13).

AFT-negative bacteriacontaining B. macerans, B.
alcalophilus, and B. circulanscan bed so distinguished
based on gas from the glucose test. When bacteria
ferment glucose, they produce gases, mainly carbon
dioxide and hydrogen. These gases bubbleup through
the medium and escapeinto the atmosphere. Tubes of
broth media can be made with inverted tubes
called Durham tubes, which arefilled with themedium
after sterilization. Durham tubes serveasgastrapsfor
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Figure4: Releasing oxygen bubbleswhen bacteriaareableto
producethecatalase enzyme (Sour ce: Microbiology Lab Tu-
torial)

TABLE 14: Categorization of gram-positivecocci bacteria
based on catalasetest

Catalase positive Catalase negative

Micrococcus spp. Sreptococcus spp.

Saphylococcus spp. Sreptococcus spp.
Sreptococcus pneumoniae
Sreptococcus pyogenes
Enterococcus spp.

Sreptococcus mitis

collecting bubbles generated by gas-producing mi-
crobes. Dextrose can be used to perform thistest and
gascollected in Durham tubes meansthetest isposi-
tives,

GRAM-POSITIVE COCCI

Asitcanbeseenfrom TABLE 1, Gram-positive
bacteria can be divided into two categories based on
their morphology (cocci and bacillus). Inthispart of the
methodol ogy, digtinguishing Gram-paositivecoca isdis-
cussed. First, the bacteriasel ected to undergo the cata
lasetest aredivided into two categories (TABLE 14).
The purpose of the catalase test is to determine the
ability of bacteriato product the catd aseenzyme. The
catal ase enzyme can decompose hydroxyl peroxide
(H,0,) towater (H,0) and oxygen (O,). Bacteriaare
catalase-pogitiveif oxygen bubblesare observed when
asmall amount of bacteria suspensionisaddedtothe
hydrogen peroxide (Figure 4)1%8.,
Catalase-positivebacteria

Catalase-positive bacteria, shownin TABLE 15,
can bedistinguished from each other by using MFT.

MFT’s details are explained in Section 5.2.1.2. Using
MFT, the catal ase-positive bacteriain TABLE 14 can

~
»Staphylococcus epidermidis
*Staphylococcus saprophyticus
J
o
*Micrococcus varians
*Micrococcus luteus
J

Figure5: Subfamiliesof Micrococcus spp. and Saphylococ-
Cus spp.

TABLE 15: Categorization of catalase-postivebacteriabased
onMFT

MFT positive
Saphylococcus aureus

MFT negative
Saphylococcus spp.
Micrococcus spp.

be divided into two parts (TABLE 15). TABLE 15
identifiestheonly remaining bacterid strainthatisMFT
positive as Saphylococcus aureus. Saphyl ococcus
spp. and Micrococcus spp. are MFT-negative, and can
be distinguished by other tests such asthe pigment color
test. Inthe pigment col or test, bacteriaare inocul ated
into the nutrient agar culture medium, and after 24 h
incubation, colony color can be observed. If the bacte-
riaproduceyellow pigment, they belongto the Micro-
coccus spp. family; otherwise, they arefromthe Sa-
phylococcus spp. family. Infact, each hastwo family
members, i.e., Saphyl ococcus epider midisand Sa-
phylococcus saprophyticus from the Saphyl ococcus
spp. family, and Micrococcus varians and Micrococ-
cus luteusfrom the Micrococcus spp. family (Figure
5)119,

The Saphylococcus spp. family hastwo members,
Saphylococcus epidermidis and Saphylococcus
saprophyticus. To distinguishthese two family mem-
bers, the novobiocin susceptibility test (NST) can be
applied. TheNST determineswhether bacteriaare sen-
sitive (susceptible) to novobiocin or resistant to the
drug. Blood agar medium or nutrient agar medium can
be used in performing the NST. Bacteriaare asepti-
cally spread over asterile plate contai ning one of the
above-mentioned media, and an antibiotic-impregnated
disk containing novobiocin isthenasepticaly placedin




AOBR, 2(2) 2015

Amirreza Talaiekhozani et al. 73

Figure6: Theleft sdeisabacteriumresistant to novabiocin,
whileon theright isabacterium susceptibleto novobiocin
(Source: http:/Aww.studyblue.com).

the center of theagar surface. The plate is incubated at
35-37 °C for 24 h and the results are determined.
Growth of the bacteria lawn up to the margin of the
disk indicatesthe bacteriaareresistant totheantibiotic.
A clear zone around the di sk, termed the zone of inhi-
bition, indicatesthe bacteriaare susceptibleto the anti-
biotic. If bacteriaare susceptibleto novobiocin, they
areidentified as Saphylococcus epidermidis. If the
bacteriaare not resistant against novobiocin, they are
identified to be Saphyl ococcus saprophyticus (Fig-
ure 6)9,

Asexplained in Figure 2, Micrococcus spp. has
two family membersnamed Micrococcusvariansand
Micrococcus luteus. GFA can be used to distinguish
them from each other. Detailsof GFA areexplainedin
Section 4.211214,

Catalase-negativebacteria

Ascan beseen from TABLE 14, bacteriacan be
divided into catal ase-positive bacteriaand catal ase-
negative bacteria. Inthis section, theidentification of
catal ase-negative bacteriaisdiscussed. Thefirs stepis
to identify catal ase-negative cocci bacteriabased on
the application of thehemolysistest, which dividesthe
bacteriainto three categories, a pha(a), beta(p), and
gamma(y) (TABLE 16)8,

Thehemolysstest providesinformation onwhether

> PUl] Paper

T e pERs e ol e

Figure7: Differencesamongalpha, betaand gammabacteria
after growingthebacteriain blood agar media (Sour ce: http:/
Aww.gudyblue.com)

TABLE 16: Categorization of catalase-negative cocci bacte-
riausing hemolysistest

Alpha («) Beta (B) Gama ()

Sreptococcus pneumoniae - Sreptococcus pyogenes  Enterococcus spp.

Sreptococcus mitis? Sreptococcus spp. Sreptococcus spp.

1 Optochin sensitivity test is positive 2 Optochin sensitivity test
is negative

the bacterium possesses hemol ytic enzymes. By pro-
viding aculturemedium enriched with red blood cells,
itispossibleto determinewhether thebacteriumisable
to destroy the cellsand whether it can digest the hemo-
globin present inside. To perform thehemolysistest,
becteriaaretransferred on aplate containing blood agar
medium, whichisincubated overnight. If themediumis
discolored or found darkened after growth, the organ-
ism hasdemongtrated a pha-hemolysis. If themedium
appearsclear after growth, the organismisknownto
beasbeta-hemolytic. If thereisno discerniblechange
inthemedium’s color, the bacteria tested are said to be
non-hemolytic (Figure 7)!7181,

(a)Alphabacteria

As seen from TABLE 16, Streptococcus
pneumoniae and Sreptococcus mitis are al pha bac-
teria. To distinguish between these two strains, the
optochin sengitivity test (OST) should beapplied. If the
bacteriaare OST positive, they bel ong to Sreptococ-
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Figure8: Theleft sideshowsbacteriathat areresistant to
optochin. Theright sdeshowsbacteriasusceptibletooptochin
(Sour ce: optochin test for Streptococcuspneumoniaefrom a
YouTubevideo)

Figure9: Right sdeshowsapositiveresult for aPYR test,
whiletheleft sdedisplaysanegativeresult

cuspneumoniae. If thebacteriaare OST negative, they
are identified as Sreptococcus mitis. Optochin is a
chemical that can betoxic for somebacteriabut harm-
lessto others. Thistest isapplied to identify Srepto-
coccus pneumoniae, which ismost commonly suscep-
tibleto Optochin. To perform OST, first bacteriaare
transferred onto aplate contai ning nutrient agar. Next,
aoptochin-impregnated disk isplaced onthe center of
nutrient agar medium. Then the plateisincubated over-
night. If the bacteriaare susceptibleto optochin, there
will beavisible zoneof inhibition formed around the
disk, representing theareawhere chemical concentra-
tion has prevented bacterid growth (Figure 8)I'-161,

(b) Betabacteria

Betabacteriacontai ning Sreptococcus pyogenes
and Sreptococcus spp. can bedistingushed from each
other by using the pyrrolidonearylamidase (PY R) test.
If bacteriaare PY R positive, they areidentified as Srep-
tococcus pyogenes, andif bacteriaare PY R negative,
they are Streptococcus spp (Streptococcus
agalactiae). The purpose of thistest isto determine
theactivity of the pyrrolidonyl arylamidaseenzymein
thebacteria. A small amount of bacteriaistransferred

TABLE 17: Categorization of gammabacteriabased on the
BEA test

BEA negative BEA positive
Sreptococcus spp. Enterococcusfaecalis
Enterococcus mundtii

Enterococcus faecium
Enterococcus hirae

Figure10: L eft tubeshowsapositiveresult for the BEA test.
Theright displays a negative result for thistest. (Source:
http:/Amw.gudyblue.com)

onto apaper disk and impregnated with pyrrolidonyl
arylamidase. Changing color to bright pink or cherry
redisapositiveresult; otherwiseitisnegative (Figure
9)i1sl,

(gGammabacteria

Gammabacteriacontai ning Enterococcus spp. and
Sreptococcus spp. can be distinguished by the bile
esculin agar test (BEA test). The purpose of the BEA
test isto see whether bacteria are able to hydrolyze
esculin as their carbon source. In the BEA test, a small
amount of bacteriaareasepticdly transferredtoaster-
iletest tube containing bileesculin agar. Thetubeisthen
incubated at 35-37 °C for 24 h. Ifthe bacteria grow in
the medium, achocol ate brown col or appearsand the
testisconsdered positive; otherwise, itisnegative (Fig-
ure 10). Based on the BEA test, gammabacteriaare
divided into two groups, asshownin TABLE 172319,

BEA-positive bacteriacan be distinguished by us-
ingthepotassumtelurite(PT) test, asshownin TABLE
18. To performthe PT test, asmall amount of bacteria
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l Gram Negative Rod Bacteria |

Oxidase Test Oxidase Test
Positive Negative

Aeromonas Pseudomonas Vibrio Enterobacteriaceas
Family Family Family Family

Figure11: Categorization of Gram-negativerod bacteriabased
on theoxidasetest

TABLE 18: Categorization of BEA positivebacteriabased on
thePT test

PT test positive
Enterococcus faecalis

PT test negative
Enterococcus faecium’
Enterococcus hirae?
Enterococcus mundtii®

= Ul Paper

Aeromonas, Pseudomonas and

Vibrio Families

Glucose Glucose
Fermentation Fermentation
Positive Negative

| ||

Vibrio spp. and

Pseudomonas spp.

Aeromonas spp. Tt L
Families (see Section Family (see iECtIOH
of 7.1.1) of (7.1.2)
g e— e
Sodium Sodium Not o 5
2 E With Yellow Without Yellow
Required for Required for ey FEsa
Growth Growth Pigment ety
. T

P. aeruginosa, P.
chiororaphis, P.
cichorii, P.
fluorescens, P.
putida, P. syringae

It Is Identified
as Vibrio spp.
y

It Is Identified
as Aeromonas
spp. Family

| |
Other
Pseudomonas
P

’g—]-

! Mannitol positive., white colony 2 Mannitol negative 3
Mannitol positive., yellow colony

aretransferred on aplate containing potassumtelurite
agar. Theplateisincubated for 24 h. Bacteriathat are
positivefor the PT test reducethe potassiumtel lurite
present in the agar, which in turn makesthe colonies
grow black9,

Enterococcus faecium, Enterococcus hirae, and
Enterococcus mundtii can be distinguished via the
mannitol test, giventhecolor of their colonies(TABLE
18). Detailsabout the mannitol test areexplained in
Section5.2.1.2.

GRAM-NEGATIVE ROD BACTERIA

Gram-negativerod-shaped bacteriadivideinto two
largefamilieswith the help of the oxidasetest, asde-
talledinFigure11.

Figure 11 showsthat gram-negativerod bacteria
aredivided into two categoriesby the oxidasetest: 1)
Aeromonas, Pseudomonas and Vibrio families, and
2) the Enterobacteriaceae family. With continuous
methodsof investigation, thethreefamiliescontaining
the Aeromonas, Pseudomonasand Vibriofamiliesare
explained (part of Section 7.1). In addition, Entero-
bacteriaceaeisavery largefamily, separately discussed
in Section 7.21%,

Oxidase test positive bacteria (Aeromonas,
Pseudomonasand Vibriofamilies)

Figure 12: Categorization of Aeromonas, Pseudomona and
Vibrio familiesbased on glucosefer mentation test

Aeromonas, Pseudomonasand Vibriofamiliescan
be di stingui shed with the help of the glucosefermenta-
tiontest. If thistest ispositive, bacteriaarefromthe
Aeromonasand Vibrio families. However, if the Glu-
cose fermentation test is negative, bacteriaarefrom
Pseudomonas spp. (Figure 12)[8l,

It should be noted that the purpose of the glucose
fermentation test isto determinewhether bacteriacan
ferment glucose astheir main carbon source. To per-
formthistest, asmall amount of bacteriaistransferred
aseptically to agteriletest tube containing dextrose. The
tubeinthistestisaDurhamtube, asmall inverted tube
that can serveasatrap for gasbubbles generated dur-
ing thefermentation of sugars. Theinocul ated tubeis
incubated at 35-37 C for 24 h. A positivetest consists
of a color change from red to yellow, indicating a
pH changetoward theacidic side (Figure 13)!1617,

(@) Vibriospp. and Aeromonasspp. families

Thesefamiliescan bedistinguished by determining
theability of the bacteriato grow with or without the
sodiumion.

(A) Bacteriathat requiresodium for growth

If bacteriacan grow without sodium, they areiden-
tifiedinthe Vibrio family; otherwise, they areinthe
Aeromonas spp. family. The Aeromonas spp. family
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Figure13: Possibleresultsof glucosefer mentation test. 1)
In the left part of the figure, thetubeisred and showsa
negativeresult. 2) In the center of thefigure, thetubecolor
haschanged fromred to yellow without gasproduction, which
showsa positiver esult without gasproduction. 3) Intheright
part of theabovefigure, tubecolor haschanged fromred to
yellow and gasisproduced, showing a positiveresult with
gasproduction. (Source: http:/Mmww.studyblue.com)

uninoculated negative positive
tube test test

Figure14: L eft sdetubeshowsmotility medium befor eincu-
bation. Thecenter tube showsanegativeresult and right side
tubeshowsapositiveresult. (Sour ce: http://old.infectionnet.

org/)

can be distinguished from each other by usingthe VP
test. Details of thistest are in the previous section
(TABLE 19)1*2,

VP-positive bacteria(TABLE 18) can bedivided
into smdler categoriesby using themotility test, shown
inTABLE19.

For making Motility test medium amixture of 3g
beef extract, 10g pancreatic digest of casein, 5g so-
dium chloride, 4g agar-agar and 1 liter distillated water
isusedfor the preparation of themedium.. Then5ml of

TABLE 19: Categorization of Aeromonas spp. family with
theVPtest

VP positive VP negative
A. hydrophila® Other Aeromonas
SPp.
A. veronii?
A. sobria’
A.salmonicida (Subsp
.masoucida3)®

1 No gas from glucose 2 Matile ® Nonmotile

triphenyltetrazolium chloride(TTC) isadded. TTCisa
part of thisformulation, as bacteriacan reduceit and
cregteadiffusered color that visualizesbacteria motil-
ity (Figure 14). To test for motility, asterile needleis
inoculated with pure bacterial cultureand is stabbed
into thetest tube contai ning themotility medium (Figure
14) towithin 1 cm of the bottom of thetest tube. The
needle must beinthesamelineasit entersandisre-
moved from themotility medium. Thenthetest tubeis
incubated at 35 °C for 24 h or until growth is evident,
per Figure 14. A positivemotility test isindicated by a
red turbid area extending away from the line of
inoculation. A negative test is indicated by red growth
along the inoculation line but no further (Figure
14)[11,17,19] .

Motile bacteriain TABLE 19 can bedistinguished
from each other through the H,Stest. The purpose of
the H,Stest isto determine whether the bacteriaare
ableto convert sulfur to sulfides during their metabo-
lism. If bacteriaare H,Spositive, they areidentified as
A. hydrophila; if they areH_S negative, they areiden-
tified as A. veronii. To perform the H,Stest, bacteria
should beasepticaly transferred onto asterile test tube
containingtriplesugar ironagar (TSIA). Thetubeshould
beincubated at 35-37 °C for 24 h. The iron ions (Fe?*)
presentin TSIA haveastrongattractionfor sulfide ions.
Theresultisthat H,Scombineswithironto make FeS,
ablack-colored compound. In thetubesof TSIA con-
taining bacteriaproducing hydrogen sulfide, agar turns
black from the FeS and theresult is positive (Figure
15)(1819],

(B) Bacteriathat do not requiresodium to grow

TheMVibrio spp. family can be distinguished from
the Aeromonas spp. family by testing itsability to grow

inthe presence or absence of thesodium ion. Bacteria
that can grow without sodium arefrom the ibrio spp.
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Figre 15: Rightside tub shows negaie rI fr H,S
test, whiletheleft one shows a positiveresult for thistest.
(Source: http:/AMmww.studyblue.com)

TABLE 22: Categorization of Pseudomonas spp. family us-
ing thefluor escent pigment test

With yellow fluorescent pigment Without yellow fluorescent pigment

P. syringae® Other Pseudomonas spp.
P. aeruginosa

P. chlororaphis

P. cichorii

P. fluorescens

P. putida

! Oxidase negative

family. TheMbrio spp. family candso bedistinguished
from each other viatheluminescent test. Bacteriacan
produceaspecia substance cdled autoinductor, which
duringtheir growth and multiplicationisaccumulatedin
thelr environment. If amount of autoinductor goeshigher
thanacritical levd, it caninducetheluciferaseenzyme
to generatealuminousemission®4. Thisluminousemis-
son can bedetected with aluminometer. Based onlu-
minescent test, Vibrio spp. can be divided into two
categoriesasshownin TABLE 2079,

Luminescent-positive bacteriacan bedivided into
two small categoriesby testing their pigments. If they
haveyelow pigment, they arefromthe V. fischeri or V.
logel strain. If they do not have any pigment or their
pigmentisnot yellow, they arefromtheV. orientalisor
V. splendidiusstrains (TABLE 21)4,

Finally, the bacteriain TABLE 21 can be distin-
guished by testing their ability togrow at 30 and 37 °C
(TABLE21).

(b) Pseudomonas spp. family

Some Pseudomonas spp. Families produce dif-

= Ul Paper

TABLE 20: Categorization of bacteriabased on luminescent
test

L uminescent positive
V. splendidius
V. fischeri
V. logel
V. orientalis

L uminescent negative
Other Mbrio spp.

TABLE 21: Categorization of luminescent positivebacteria
by thepigment test

Yellow pigment
V. fischeri *
V. logei 2

Non-pigment or other pigment color
V. orientalis®
V. splendidius *

! Oxidase negative

Figure16: A greenish-yelow pigment on the pseudo F agar
medium under UV light (Sour ce: www.ther moscientific.com)

fusible, fluorescent pigments on pseudomonas F agar
medium, and this characteristic can beused to catego-
rize Pseudomonas spp. familiesinto two groups, 1)
with yellow fluorescent pigment, and 2) without fluo-
rescent yellow pigment (TABLE 22)™2,

To performedadiffusible, fluorescent pigmentstest,
apure culture of bacteriaistransferred onto aplate
containing pseudo F agar medium. Theplate should be
incubated at 25 °C. The developed bacterial cultures
can beexamined with thehelp of UV light™19. A posi-
tiveresult isthe observance of agreenish-yellow pig-
ment in the pseudo F agar medium that fluoresces un-
der UV light (Figure 16).
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TABLE 23: Categorization of bacteriawith yellow fluores-
cent pigment based on thenonfluor escent diffusiblebluepig-
ment test

With blue nonfluorescent
pigment

P. aeruginosa

Without blue nonfluor escent
pigment

P. syringae

P. chlororaphis
P. cichorii

P. fluorescens
P. putida

TABLE 24: Categorization of bacteria without blue
nonfluor escent pigment by thenitratereduction test

Nitrate reduction positive Nitrate reduction negative

P. chlororaphis* P. putida ®
P. fluorescens? P. syringae*
P. cichorii °

! Colony pigmented 2 To differentiate biovars, perform a
lecithinase test ° L ecithinase negative * Oxidase negative
5 Lecithinase positive

The nonfluorescent diffusible pigment test can be
usedtoidentify thedivision of bacteriawithydlow fluo-
rescent pigment (TABLE 20) into two categories
(TABLE 23). The purpose of the nonfluorescent dif-
fusblepigment test isto determinethebacteria’s ability
to produce pyocyanin, ablue compound. For thistest,
Pseudomonas agar P medium should be used. This
medium enhancesthe production of pyocyanin by the
addition of magnesium chloride and potassium sulfate,
andinhibitstheformation of fluorescein. The appear-
ance of blue colonieson Pseudomonasagar Pmedium
showsapositiveresul iy,

Findly, withthenitratereduction, lecithinase, pig-
ment and oxidasetests, dl Pseudomonasfamily mem-
berscan bedistinguished from each other (TABLE 24).

Inthe previous sections, themethodsof colony pig-
ment and nitrate reduction tests have been explained.
However, thelecithinasetest hasnot yet been discussed,
and so now it isdiscussed further here. To performthe
lecithinasetest, asmall amount of bacterial cultureis
aseptically transferred to asterile plate containing egg
yolk agar medium and incubated at 35 °C for 24-48 h.
A positiveresultisobtained for alecithinasetest when
an opague hal o appears surrounding the colonies (Fig-
urel17)i3,

Oxidasetest negative bacteria (Family Enterobac-

Figurel7: L eft sdeshowsan opaquehalo surrounding colo-
nies, which meansapositiveresult for thislecithinasetest.
The right side shows a negative result. (Source: http://
pictureslifeku.dk)
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Bibess P MR+ VP+| | MR+VP-| | MR -"v"P+
Negative Positive : At e
VP Negative - H,S H,S
—— Positive Negative
| Motility
Negative
VP Positive
and H,S Motility
Negative Positive |

Figure18: Identification chart for Enterobacteriaceaefam-
ily with apositivelactosefer mentation test

teriaceae)

The Enterobacteriaceaefamily can bedividedinto
two largefamiliesbased onlactosefermentation. These
familiesarecdled lactosefermentation positiveand lac-
tosefermentation negative. Fgure 18 showsbiochemi-
cd teststhat should be used for theidentification of the
Enterobacteriaceae family*+17,

(a) Lactosefer mentation positivebacteria

Based onthelactosefermentation test, the Entero-
bacteriaceaefamily isdividedinto two large catego-
riescontai ning lactosefermentation postivesand nega:
tives. TABLE 25 displaysall family membersof En-
terobacteriaceaethat are positivefor lactosefermen-
tation*9,

The bacteriain TABLE 25 are divided into two
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TABLE 25: List of bacteriathat are positivefor lactosefer mentation

L actose fer mentation positive

Enterobacter intermedius Serratia rubidaea
Citrobacter diversus
Citrobacter freundii
Enterobacter aerogenes
Enterobacter cloacae

Enterobacter amnigenus

Escherichia coli
Klebsella oxytoca

Serratia fonticola

Erwinia carotovora
Erwinia chrysanthemi

Klebsella pneumonia (subsp. Ozaenae and Pneumoniae)

TABLE 26: Categorization of lactosefer mentation positive
bacteriabased on theindoletest

TABLE 27: Categorization of M R+and VP- bacteriabased on
theH, Stest

Indole-positive bacteria Insole-negative bacteria H,S positive H,S negative
i ' i ' Citrobacter : .
Citrobacter diversus Enterobacter intermedius' freundi Serratia fonticol al

Escherichia coli Serratia rubidaea®

Erwinia chrysanthemi Erwinia carotovora’®
Klebsiella oxytoca Citrobacter freundii?

Serratia fonticola?

Klebsiella pneumonia (Subsp. Ozaenae)?
Klebsiella pneumonia (Subsp. Pneumoniae)®
Enterobacter aerogenes®

Enterobacter cloacag’

Enterobacter amnigenus®

Both MR and VP tests are positive

MR and VP tests are positive and negative, respectively

MR and VP test are negative and positive, respectively
groups by theindoletest, shownin TABLE 26. Fur-
thermore, based both MR and VP test bacteria in
TABLE 26 can bedivided againinto athird category
containing MR+/VP+, MR+/VP- and MR-/V P+
(TABLE 26)1*2.

The MR test or methyl red test determineswhether
bacteriaareableto perform mixed acid fermentation in
the presence of glucose. If bacteria are able to
perform mixed acid fermentation in presenceof glucose,
they can produceavariety of acids, whichcanbesig-
nificantly decreasedinthe pH of themedium. Addition
of apH indicator such asmethyl red, which changes

Klebs ella pneumoniae (Subsp.
Ozaenae)’

Motility positive 2Matility negative

color below pH 4, indicates the presence of extreme
acidity associated with mixed acid fermentation. To
perform thistest, asmall amount of bacterial culture
should be aseptically transferred to asteriletest tube
containing MR-V Pbroth. Thenthetubeshould bein-
cubated at 35-37 °C for 24 h. After incubation, five
dropsof methyl red are added to theincubated tube. If
the color changes from yellow to red it isapositive
result andif not, theresult isnegative®,

Bacteriain TABLE 26, which are MR+ and VP
negative, can be divided into two smaller categories
through the H_S production test (TABLE 27). Ascan
be seen from TABLE 27, all bacteria can be distin-
guished from each other with themotility test®.

Bacteriathat are M R- and V P+ can bedistinguished
from each other by using the decarboxylase, pigment,
motility, and sorbitol fermentation tests (TABLE 28).

The purpose of thelysine decarboxylasetestisto
determinewhether bacteriaare ableto usetheamino
acid lysineasther carbon and energy source. To per-

TABLE 28: Categorization of MR- and VP+ using thelysinedecar boxylasetest

Lysine decar boxylase positive

Lysine decar boxylase negative

Lysine decar boxylase,
no result

Klebsiella pneumoniae Subsp. pneumoniae*
Serratia rubidaea’
Enterobacter aerogenes®

Enterobacter Cloacae’
Enterobacter Amnigenus®

Erwinia carotovora®

! Nonmotile, no pigment

2 Motile, red pigment * Motile, no pigment 4 Acid from sorbitol 5 No acid from sorbitol

5 Lysine unknown but gelatinase positive; none above are positive
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Figure19: Identification chart of Enterobacteriaceaefamily with negative lactosefer mentation test

form adecarboxylasetest, asmall amount of apure
culture of bacteriashould beasepticdly transferred to
atest tube containing lysinedecarboxylasebroth, which
isamixture of nutrient broth and 5% lysine. Thenthe
tubeisincubated at 35-37 °C for 24 h. During incuba-
tion, most of the bacteriause glucose, which causesthe
pH to drop. Therefore, in an acidic condition the col or
of the pH indicator, bromocresol purple, ischanged
from purpleto yellow. Inan acidic environment, the
enzyme lysine decarboxylaseis activated. The tube
should be incubated for additional 24 h in the same
conditiontodlow bacteriato usetheaminoacid lysine.
If the color of medium changesback to yellow after an
additiona 24 h, itindicatesapostiveresult. If not, the
result of thistest isconsidered negative. In addition, if
the bacteria are not able to use glucose, thereis no
result*?,

Thepurposeof the sorbitol fermentationtestisto
determine whether bacteria are able to use the
carbohydrate sorhitol as their carbon source or not. If
bacteriahavetheability to use sorbital, they will pro-
ducean acid end product, which causesadeclineinthe
pH of themedium. To indicateapH decline, apH indi-
cator such asphenol red can beapplied. To performa
sorbitol test, asma | amount of pure bacteriashould be
aseptically transferred to a steril e tube of phenol red
sorbitol broth, whichisamixtureof nutrient broth and
0.5 to 1% sorbitol. The tube should be incubated at

TABLE 29: List of bacteriathat arelactose fer mentation
negative

L actose fermentation negative

Edwardsiella tarda
Erwinia cacticida
Morganella morganii
Proteus mirabilis
Proteus penneri
Proteus vulgaris
Providencia stuartii
Salmonella bongori
Salmonella enterica

Serratia marcescens

Serratia liquefaciens

Shigella spp. (boydii, dysenteriae, flexneri)
Shigella sonnei

Yersinia enterocolitica

Yersinia pestis

Yersinia pseudotuberculosis

35-37 °C for 24 h. A positive result changes the color
fromyellow to red*213,

Another test that should beused for distinguishing
bacteriaisshownin TABLE 28, thegelatintest. The
purpose of the gelatin test isto determinewhether bac-
teriaareableto producethe gdlitinaseenzymein order
to utilizethe protein gelatin astheir carbon source. To
perform age atinasetest, asmall amount of pure bac-
teria cultureshould be asepticaly transferred to aster-
Iletest tube containing gelatin agar, whichisamixture
of nutrient agar and 15% gelatin. A positiveresult is
declared when theform of the medium changesfrom
semisolidtoliquid, sothat it cannot solidify againi*3.
(a) Lactosefermentation negativebacteria

Figure 19 showsadll thetestsrequiredfor theiden-
tification of | actosefermentation negativebacteria

By using theindoletest, the bacteriain TABLE 29
aredivided into three groups, shownin TABLE 30.
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TABLE 30: Categorization of lactosefer mentation negative bacteriausingtheindoletest

Indole positive

Indole negative

Indole no result

Edwardsiella tarda

Proteus mirabilis
Proteus penneri
Erwinia cacticida
Salmonella bongori
Salmonella enterica
Serratia marcescens
Serratia liquefaciens
Shigella sonnei
Yersinia pestis

Morganella morganii
Proteus vulgaris
Providencia stuartii

Yersinia pseudotuberculosis

Shigella spp.
(boydii, dysenteriae, flexneri)
Yersinia enterocolitica

TABLE 31: Categorization of indole-positivebacteria by us-
ingtheH_Stest

TABLE 32: Categorization of indolepositive bacteriaby us-
ing theureasetest

H,S-positive bacteria
Edwardsiella tarda® Morganella morganii®
Proteus vulgaris® Providencia stuartii*

! Urease test positive? Urease test negative® Ornithine
decarboxylase negative’ Ornithine decarboxylase positive

TABLE 33: Categorization of urease-negativebacteriaby the
motility test

H.S-negative bacteria

Positive motility test bacteria Negative motility test bacteria
Shigella sonnei®

Yersinia pestis’

Erwinia cacticida®
Salmonella bongori?
Salmonella enterica®
Serratia marcescens’
Serratia liquefaciens’

! Lysine decarboxylase test negative bacteria and the rest of the
bacteriain theleft column of thistable arelysine decarboxylase
test positive.? H,S positive, KCN growth test positive® H,S
positive, KCN growth test positive’ H,S negative, ability to
produce red pigment® H_S negative, no pigment production
ability® Ornithine decarboxylase test positive’ Ornithine
decarboxylase test negative

(A) Indole-positivebacteria

Indole-positive bacteriaincluding Edwardsiella
tarda, Morganella morganii, Proteus vulgaris, and
Providencia stuartii aredivided into smaller groups
by usingviatheH,Stest (TABLE 31). Ascan beseen
fromTABLE 31, dl bacteriacan beeasly distinguished
from each other by the ornithine decarboxylase and
ureasetestgty.

(B) Indole-negative bacteria

Indole-negative bacteriacan bedividedintosmaler
groupsin order to distinguish among them by usingthe

Urease-positive
bacteria
Proteus mirabilis'
Proteus penneri?
Yersinia
pseudotubercul osis®

Urease-negative bacteria

Shigella sonnei
Erwinia cacticida

Salmonella bongori

Serratia marcescens

Salmonella enterica

Salmonella enterica

Serratia liquefaciens

Yersinia pestis
10rnithinedecar boxylasetest positive? Or nithine decarboxylase
test negative, motility test positive® Ornithine decarboxylase
test negative, motility test negative
ureasetest (TABLE 32).

Urease-negative bacteriacan bedividedintosmaller
categories by the motility test (see TABLE 33).

The purpose of the KCN test is to determine
whether bacteria are able to grow in a medium in
which potassium cyanide is present as acarbon and
nitrogen source. To perform the KCN test, a small
amount of pureculture of bacteriashould beaseptically
transferred to asteriletest tube of potassium cyanide
(KCN) broth, whichisamixture of nutrient medium
and 5% potassum cyanide. Theabove-mentioned tube
should beincubated at 35-37 °C for 24 h. A positive
result isindicated with the presence of turbidity inthe
tubg1316,
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