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characteristics of the microorganisms,

'I'ypes.t_gf microol'f_ganisms that can be found jn natural and waste waters,

Type ) : Status
Bﬁctcria . Common
Viruses - | Rare
Yeasts Rare.
Moulds Rare
Algae Common
Protozoa . Common
Microorganism

Bacteria are the most important microorganism in water microbiology. Analysis of water
for viruses is time consuming and often troubles some and complicated. Therefore
determinations of viruses are not carried out in the usual microbiological analysis. Yeasts
-and mou_]dg are not very common in surface water and if present they only play a
subordinaté role in surface water miqrobiology. They are frequently detected together
with hactér:ia when analysis is carried out with culture media,

Algae can also be considered as a group of microbes living in water. However their

diversity and density.can casily be detected under light microscope.
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General requirement for Microbiological work
. ! ’ 1at
Analysis of pathogenic microbes must be carried out only by experts havmg approprate

special knowledge, observing the necessary precautions. Analysis of non pathogenic

microbes also required trained personnel and facilities that are dedlcated for

microbiological works.

Steps to be taken for microbiological work

L.

Glass ware and equipment must be careful]y cleaned and\ stenhzed each nme
before they are used. | |

- All apparatus must be mechanically cleaned using cleaning agents rmsmg ﬁrst

with clean tap water, them with 1% HCI acid and ﬂnally w;th dlstxlled or
demineralized water, ; i
Glassware and eqmpment must be autoclaved at 120 C far 30 mmutes before the
cleaning process to avoid infection i in the process of washmg and rmsmg

After cleaning the apparatus and glass ware must be ﬁrst drled then stcnh_zecl for
2hoursatlBOC-200 Cinahot air sterilizer, GRS

Culture media and culture solut:on must be stenhzed thh a super heated steam in
an autoclave at 121°C for 20-30 minutes, i '

Direct method of countmg m:croorgamsms

1,
2

A counting chamber can be used to determme the numher uf bactena in water.
Direct counting can also be perfonned by ﬁltenng a known vnlume of water
through a grid membrane filter paper. 'Ihe baotena are dyed on the filter with
appropriate dyes the filter papet is illuminated and the countmg of microbes can
be performed by using light nucroscope This method certamly a!lows the low
levels of bacteria when large quantities of water to be coneenttated However the
accuracy of this method is very low and it is also 1mp0551ble to d:ﬂ’erentlate live
and dead bacteria, i S o

Direct methods of counting bactena are not employed in rmcrobmloglcal analysis
of i R [ .

t
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: :v_'agfruginasa: are used as indicator orgénisms to determine whether water is contaminated
o a hygienically significant degree.

S-‘i.n'c.e E coli cé_.n_-"_live for a short time in water occurrence of these microbes in water

indicates relatively fresh contamination. | |

'Sf_ﬁngrd vaiue_:'__'i.'n drinking water £. _c_qli numbcr must be_ze_ro per 1 ml of water.

Cbli .ﬂ.:o_.r._m.baétér'ia must not be dc,t.cc.:_tab'lc.j:in drinking water.

Sampling | |

Generally containers used in the sampling of water for microbiological analysis are

sterile, glass Stoppard bottles (250-200 ml) wrapped in aluminum foil. The sample should

be taken from approximately 30cm below the surface. Any contamination due to
_handling during this stage should be avoid_ed. After filing the sample bottle should be

sealed immediately and the bottle neck should be protected with aluminums foil.

Transportation and Storage
Sample bottle should be transported in insulated boxes without exposing o direct

sunlight. Samples should be processed immediately after arrival ‘at the laboratory.”
However the period of storage (at 4°C) should not exceed 24 hours. If the titne interval
between sampling and investigation is long, the bacteriological tests have to be carried

out in situ.

Methods of the Detection and enumeration of Microorganisms
As the number of indicator organisms in water may be very small direct inoculation on

solid media is not practicable and other methods should be used by which large volumes
can be examined and by which the number of micrpbes in 100 ml of the sample can be

estimated .
1. Pour plate method

2. Multiple test tube

3. Membrane filtration
These techniques can be used to detect and enumerate each indicator organism; however

the media and the incubation conditions differing according to the organisms sought.
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Practical 1- Detection and enumeration of Microofgﬂ“isms G _-: i
A. Pour plate method S |
The usual method of counting heterotrophw b&Ctﬂﬂa

TOTALCQLONYCOUNTCnloniesIml' M
~ Application
_'Ihemeﬂmd is applicable to pombleandsurfacewerandeﬁluentsil
H I imubﬁormtlmﬂ]eunostat
Ay Pe’h‘zdlshes(ll)cmdlameter)
3, Comcalﬂasks |
4. 'l’lmmcmeter(mwsmnﬁ‘l C)
5, P'_:,' '.(bacﬁemlogml)
6 Gas bume;l:(orspmtlanm)
| 7._C01qpyc;qumcr
8. Water bath
9. Autoclave _
Nutrient Agar (pH=7.0) :
Nutrient broth 13Ig' i
Agar i 20g
Sterilized distilled water 1L

Procedure

Preparation of samples : ;
Remove the stopper or cap, sterile the mouth of the bottle with a ﬂame pour oﬂ'somg of

the contents, replace the stopper or cap and again shake the bottle i in order to dlstnbutc any
organisms umformly throughout the water. _
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3 _"Z.Blluents (Ringer s Solutlonl saline solution)
ot L mnggr‘s Solution

- Sodium chloride 2.250 g
Potassium chloride : - 0.105g
Calcium chloride (anhydrous) 0.120 g
" Sodium bicarbonate  0050g
Distilled water LLu
Saline solution: _ T
Sodlum chloride - Wiene
 Disilled water L i1
Sterilization: Atﬁoclave at 121 'Cfor 15 minutes,
.Makmg the dilutmn - .

Measure out 9 mi of the diluent mto sterile dllutxon bottles or tubes.

Make one or more ten fald dilutions by transferting one volume of water sample to 9 volumes
of diluents.

Prepared sufﬁclent amount for each dilution for all the tests to be carried out on the sample.

P RS T S e
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Preparation of the sample

1

1d di[utiohs of it according to the

bacteria content expected.
Measure! ml volumes from the mghcst dxluuon mto cach g
dishes and, using ap:pcfte R e Cprekuslynwltcd B

Pour 15-20 ml of nutrient agat/Y east—thract Agar |

45-50 °C) into cach Petri dish. f | m L.
Iminediately mix the water (mi) and the agar by fapld but Eﬂnﬂ° e

for 510 seconds keeping the Pefri diSh ﬂat On the ]
Allow the agar to set, invert the Pein d!shes ‘m- placed bm P

mm.mormmm

L] Mmm

s o i Add meited -
g gt "'“W,mwm"" ol i Jace and wilhin 8gr
8
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it .lne-ubationw.an'd examination of the culfures

. Incubate the two plates made wnh the hjghest dilution at 20-22 °C for two/three days or at
37°C for 24 + 3 hours.
: 2 Couﬁt the culﬁmes as soon as the plates are removed from the incubator. If this is
not posmble, kaep the plates at 4°C for not Jonger than 24 houirs.
3 Only the cultme plates not axceedmg 300 colonies per ml should be used to enummerate
the nucro-orgamsms
4. lndlcate the nutrient media used and the duration and the temperature of incubation in
the analyms mport : : '
3 Takc the average of the counts m each pau' of plates and multiply the result by the
dﬂuﬁon fuemr Ifthe number ofmlomcs cxceeds 300 per ml; choose a dﬂunon level in
; whxch the number of colonies lies between 30 and 300 and count the colonies in those
A platas. s : B ' ! - |
. B Ifﬁmplatemademﬁithelngh&stdﬂuhm cuntams morethan 300 colommpet ml, either try
to countthemanclreporttharesults as anapprox!matc orexpu'essﬂleoomtasmoreﬂ}an
300n colomesfomungunus perml whcrcnrepresems tl:e dilution fuctor
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Introdugtion R T
Isolation of pure culture of bacteria from the e“"“‘_"'!’_“f?‘:

opulations OLIE 7 e d populations, &0
smoving it from e FUAE, o ihs, e, pure

ntetion B 8. aply descendants of (0
are SIMPIY, S0 ification of

In nature microorganisms exist.asmi
A study of a species cari only be donig by et
growing in an environment: ftee frol contam
ulture. All cell in the éulture with gommon 0
same cell is referred to as pure cultire. Th
cultuges. Al s
Methods of isolation will depend on the soun
of cultures is commonly doné by methods.
plate. Once a pure culture has been made,.

viable condition for varying periods of time, fn
temi preservation and maintenance of ciltuy
agar slant and stores it in a refrigerator. Per

: i i3

I yted. Purification
Jate ‘or spread
hﬂc‘"lwmm a
years, For short-
the culture to an

to fresh agar

Streak plate method B
The most widely used technique for the puri
plate’ method. A smail amount of growily
inoculating loop and the loop is then dragged lig
Petridish: This Is-dorte-with-the hope that the bac
thisaction, will finally drop off one at 8 time

the a
om the lop by
bation, single

. isolated colonies can be observed along the stx_‘e"ak’e&l?li‘ié_":fFi'ﬂ;’i'j.

_ Pour plate method ' ; SN TR
The pour-plate technique is another method of obtaining pure cultures from a mixed
culture of microbes. It differs from the streak  plate i _‘:;h_ht.'ghg-,gagar medium is
inoculated while it is still liquid (but cool, at about 45°C) and therefore colonies
develop throughout the medium and not only on the surface. Better distribution of
colonies is obtained in a well-made pour plate and isolations are more easily made.
As there is no accurate way of predicting the numbers of viable cells in a given
sample, one should always make several dilutions of the sample and pour several

plates. Therefore, the first step in ‘ Jo. maxg 2
sample. For general purposes serial dilutions up to 10™ or 107 are made. Practical No.

oo .
Thereafter two procedures may be followed. -

ml of each dilution is placéd- in me centre of an
und 45° C is poured. (Ref.

1) Procedure 1: Pour-plate method- 1 .
- empty sterile petridish and molten agar r{ledlum at aro
Practical No. 1 schedule for more information)

d- Loopful of dilutions are tifansferred- to tubes of
d and the mixture poured into separate sterile
led loop dilution procedure.

2) Procedure 11: loopful metho
molten agar, the inoculum mixe
Petridishes. This method is also cal

this procedure is to make serial dilutions of the
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{a) Shake tha tube to suspend the o) Flama Ihe. ertire loop and wire sl il {c} Remove the plug or cp (closure).
- arganisms as demonstrated Dy your - becorries rec-hot, Begin healing at the - (hen llame the mouth of the luba. Don
e SEIEA T RIS  mickllé of iha wire and procoed slowly lo'  conlaminale The closura by placing It on
hg foop, - : the table. :

ol Flame the mouth of ing iube again. (1) st e closure 10 the tube, Place
i A e the ubon a rack. K,

(g} Streak the plate as shown on the right of a3 ilustrated
by the instrucior, 3

Sweak plate procedure lor pure cullure isolation of bacteria.

The direclion of sireaking 8 indicaled by he amows.

Hetwoen sach saction, tha lcop is sterilized and reinoculated
with a lracbon of the bacteria by going back across pert of

the provious section. The plale is also rolaled so the direction ...

(h} Flame the loop balore placing it ol Ine streak 15 always lhe same.
down, ' ! _‘,,1‘;“
Eheie W e Meamatims = o
Fig. 1

Spread plate method

This is a simple method of isolation. Original sample or serial dilutions can be used.
Two to three drops of the sample is ‘pipt_:ttt_:d_‘ on to the su_rfa;:,g of an agar plate
(pﬁeﬁoﬁly poured and with dried surface). Us:ng a spreaqle‘r (dipped in 70 percent
alcohol and flamed in a blue Bunsen flame), the inoculum is spread over the surface
of th‘ea'gar' to form a layer. Allthe isolated colonies will be growing on the surface of

agar (Fig. 2). :
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A-. Dlp Spread in alcohal B ﬂnm,the. spreader C- Spreading the plate

Exercwe 1

Isolation of pure cultu res by streak plate techniqueS. |

edure '
o d be of melted (45-50 °c) nutrient agar mto a Petndlsh

e agar to beceme ﬁrmly sohdlﬁed* Do m}t attcmpt to streak 2 plate unnl

the medﬁim is firm., - :
3, Sterilise the moculatwn 1oop by ﬂammg the entlre wu-e_ ln the bunscn ﬂame to

redness and caer th‘e inotﬂﬂatmn kmﬁ thorﬁhghly (F‘lg 3: S

| loop ?Laced'.in- s
. upper portion of
the flame

4, Remove bactonal culture with t.he up of i mocu latmg Ioop
5. Place the sterile agar medium in a convenient place, so that the Petri-plate bottom
rests on the bench and the top can be mampulated up and down with the thumb and
third finger of the left hand.

6. Lift the Petri-plate cover and plaoe the inoculum at the edge of the agar ﬁlrthcst |
fwmyml(ﬁg 1) i.e;. area a. .

- 7. Area A will contain the highest cdncentratlon of bagteria and is. referred to as the
pool. Sterilise the loop inthe Bunsen flame and, when cool, streak over arca B, so that
some bacteria are removed from area A to area B (Fig 1). '

8. Repeat the procedure for areas C. This will produce 1solated cd_lo'nics, after
mcubatxon, in area borAor both On each occasion loop must be re-sterilised prior to
use. '

9. Label the plate and incubate in an mvencd position at 37 °C for 1-2 days.
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:-':f':-&l(l-. Aftar pmpcr.-incubation, exanine the plate. and make a sketch of its appearance. If
. {here are no single colonies along the streak, repeat the procedure.

- 11 Inocilate an agar slant

(Fig. 4) for storing and maintaining.

‘Procedure for inoculating an agarslant |

) Take the sterile agar slaiit in your left hand; take thie inoculating loop in your right
hand and flame the needle to redness. R | i N

¢) Cool the wire and remove inoculum from the pure culture plate (Previously
- prepared). i ' _

d) Remove the plug/cap from the slant tube by grasping it between the last two fingers

and the palm of the right hand. :
¢) Flame the mouth of the slant tube; place the loop down onto the surface of the agar

slant at the bottom of the tube. : ‘ .
f) Slide the loop on the surface of the slant from side to side in a zip-zag manner as
you pull the loop out of the tube without digging into the agar surface.

g) Flame the tip of the slant tube and replace the cap or plug.

h) Flame the inoculating loop.
i) Label the tube with the microorganism used., type of agar, the date

i) Incubate at room temoerature for 48 hours.

Exercise 2. . |
Isolation of pure cultures by pour-plate (loop dilution) techniques

Materials ]
Bacteriological tubes with sterile nutrient agar; mixed culture

plate; inoculating loop; 3 sterile Petridishes,

Procedure :
1. Melt the 3 tubes of sterile nutrient agar (12-15 ml) and cool them to 45°C, wipe the

" tubes to remove any superficial moisture. Maintain them at 45-50°C during th
dilution manipulations. , i
2. Aseptically transfer one loopful of a mixed microbial cuiture to the first tube of
molten agar. Mix the inoculums well by rotating or'swirling the tube betwee o
palms ten times. label this, tube 1. 58 e
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3. After mixing, transfer two loopfuls of thc=mtxod mowemman'- o oy .
to a second tube of molten agar and mix well in the sam T
this, tube 2. ltei‘l agﬂl‘ gnd mix
4. Transfer 3 loopfuls from the second tubc to the third tube Of 0
thoroughly as in step 2, Label this3. = and ase ticall}’ pour
5. Remove the plug of each tube, flame the ttp Of Th gar Bg ]tflem laas 1,2 and 3
the inoculated agar into three separate sterile Pctrldlshcs and la g |
correspondmg to the dllutmns - iy
rature for 24
6. After the SOlldlf cation.of agar mcubate 1he plates at Iaboratm‘ tempera .
- 48 hours in inverted position. : e S
8. Observe and make a sketch of the platcs IR 1
9. Inoculate an agar slant for storlng as given in fig. P

Common bac-ternal shap‘es'and, a_rraugemt_:n_ts._ i

Circular s I_r{qbnifak: ;

FORM

RJL/

Erda | Unculete ' - Lobate Fﬂamanm O

mnﬁm (EDéé}' g

Flal Raised Convex Pulvinale - Umbonale

ELEVATION

Fié. 5 Repfesen-tﬂﬁ"e colony characteristics of bacteria
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No growth Turbid Flocculent Pellicle Sediment

(cloudy)
Growih Patterns of Bacteria Growing In Broth Cul-

&

Echinulale . Filiform Rhizoidal Elfuse
(trea-Fke) : (spiny) (thread-like) (rool-ike) (spreading)

Growth Patterns of Microorganisms Growing on Agar

1 Flame the loop Begm laming at Ine cenler of the wire and 2 While nolcing the steriie loop, remove the closure lrom the
proceed loward (he laop ube as demonstraled by your instructar, or as uslratad

3 Haat ihe moutn of the lube by brielly halding i m Ihe flame 4 Remove a loopiul ol cul
of 2 Bunsen burner. , and replace mm: culture. reheal the moulh of the wbe,

5§ Hcﬁ. up u::‘ :::Th:rgc: lube frorn Lest tube rack, remove 6. Inlraduce the loopiut of baclerial culture (o h
ciosure, : : lture the Ioap genily a lew times 1o M.:':n'nu:s?mn! ]
u,: Lplm 1o Ihe broth Reheat the mouih o the (ube. ang fa::c:'
LI5S dure for Suk ing Organl Grown' in 7-5. gml.r lechniques
Tubss. The instrucior may wish 1o show he studenl the correct broth, from broth fo um'u"“" be used in subcuituring from slanis 1o
meihad lor holding two lubes sir Iy 2s il in ligure ants, and from sients to sfants.
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@
2

1. In one hand, hold the tubes as

ilustrated, oras shown by your instruclor.
With the other hand, Ham‘; the 9 Remove r,lnsures as l!lu_straled. .Flame.

inoculating loop. he mouths of the tubies.
Q loop : Ding

3 Transfaf a !ooptul of culture from one
tubs to the other. Flame the mouths of the
tubes again and replace the closures.
Flame the inoculating |oop before settmg
it down.

Procedure for transferring cultures from one tube to ;inother .

A e . g .
T e T e .

a_...____.......". -

‘l
i
1

i

D e . i
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Practical NO. 3

Positive and Negative staining

Introduction i ;
A simple stain is a procedure in which only one stain is used to create a contras

between the specimen and its background. Generally, simple stains i:_wolve the use ?f
basic dyes such as crystal violet, methylene blue, basic carbolfuchsin (red), safranin
(red), or malachite green. Since simple staining procedures are rapid and easy to carry
out, they are often used when information about cell shape, size, and arrang.ement is
desired (fig. 8). A simple stain helps the microscopic determine the dimensions and
shape of cells. Bacteria can generally be characterized as spheres (coccus, pl}lral
cocei), rods (bacillus, plural bacilli), spirals (spiriflum, plural spirilla), he!:ces
(spirochete, plural spirochetes), or branched organisms. In addition, many organisms
form very distinctive arrangements that can be used to identify them. For example,
bacteria such as the streptococci (strepto- chain of) form chains of cells, the
staphylococci (staphylo- bunch of grapes) develop in grape-like clumps, the neisseriae
exist as pairs or diplococci (dipio- pair of), and some micrococci and sarcinae (sarcina
a package) are typically found in packets of four or eight. Usually, a simple stain
involves the staining of a dried preparation of cells on a glass slide (fig. 9). The dried
preparation of cells is known as a smear. Smears can be prepared from cells in a
liquid culture or from growth on an agar plate or slant. When using a liquid
suspension, one to several loopfuls are smeared onto a glass slide and then allowed to
air dry. The cells in the dried smear are attached or fixed to the slide by briefly
heating the slide over a gas burner flame. This procedure is known as heat fixation.
When using colonies or growth from a semisolid medium, a loopful of water is placed
on the slide and a very small amount of material is mixed with the water to separate
and suspend the cells. The suspension is then spread out, air dried, and heat fixed. In a
good smear, individual organisms are visible microscopically and organisms are not
piled on top of each other. In order to insure well-dispersed organisms, the drop used
to make the smear should be only slightly turbid (cloudy). ;

Gomman arrangements

Commaon shapes |
Q, Diplococcus -
Spharical Sphere of coctus i ‘ AL @Q
Chains Slireptecoccus
_ .
| Strepiobacillus

Gyindical  Fod of baciius
Spiral Spiral or splrifum Réndom Staphylococcus
e B
Helical Helix or spirachste nacket of 8 Sarcina

Fig. 8. Commomn bacterial shaps and arrangements,

—r 'l R &Mmmw'm‘;- T i
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. pigrosin
Materials arbolfuchsm’ gafranin, nigr 2

Solutions of clystal violet, methylene blue, basw c
and India ink

Inoculating loop

Sterile toothpicks

Clean glass slides

Clothespins

Gas burner

Sink (with tap water)

Fig 9. Prncedure for positive stammg

1. Place several large Iooptuls ol a iquid c!.ilture ona Gle:m

shide_ If the culture is on an agar plale or. slant, ptaca several |
toopluls of waler on fhe slide and then mix in a very 5"“5" e
amount of the solid growth (e.g. part of a colonﬂ T e

2. Spread the lquid culture or mixture over ihe slida so as to !
treate a thin film. "

3. Air dry the srmear, Use a warmmg plata ir possnbie lq speed
up the drwng but do not use a gas burner.

e R I i S
4. Heal fix the drled smear by placing the botiom of the siide
over the gas burner flame for three seconds, An alternate
. methad is to pass the slide through the lame three times. -
: )

Exercise 1 0
Procedure for positive stalmng

1. If the organisms are on an agar plate or slant, place a couple of loopfuls of
wateron clean glass slide and suspend a small amount of the organism in the
water. Only mix in enough material so that the drop becomes slightly turbid. If
the organisms are in a liquid culture, place one to several loopfuls of the

suspension ona clean glass slide (fig. 9)

2. Airdry the mixture on a warm hot-plate'and then heat ﬁx the organisms over a
- burner flame. Heat fix for only 3 to 5 seconds. Overheating a smear or heating
a still-wet smear can badly distort the shape of cells. Clothespins can be used

to hold your slide when heat fixing and staining. =
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3. Cover the cooled, heat-fixed smear with one of the basic dyes. Crystal violet is
a good choice. After staining for 30 seconds wash off the crystal violet gently
with tap water or dip the slide into standing water. Drain the excess water
from the slide.

4. Carefully blot the slide dry with bibulous paper or a paper towel. When you
hold the slide up to the light, you should be able to see your stained smear.

5. Locate the smear with the low power lens, then place a small drop of oil on the
stained smear and view the organisms with the oil immersion lens (100 X
objective). If you have carried out the simple staining procedure correctly, the
microorganisms should be coloured (dark blue-violet if you used crystal
violet) and the background should be clear and bright.

6. Draw, label, and describe what you see. Examine several oil immersion fields
in different areas of the smear to obtain a representative view of the specimen
as a whole.

1. Mix & fospitd of ihe culibre o ba
siainec wih sevoral drops of 1ha staln,

2 With your inoculating laop or a glass afide spread the mixture over
the surtace of the lide 8o as (b creale a very thin smear.

4. Air dry. Da nor heal fix.

Procedure for negative staining

Exercise 1 . : TR
1. Place one to several loopfuls of an acidic stain at one end of a clean glass slide. The

use of nigrosin is suggested. If the microorg'ar.ﬁsms are suspended in a liquid, mix a
loopful of the suspension with the drop of acidic stain. If the microorganisms are on a
plate or slant, use ascptic technique to obtain a very small sample of the material with
an inoculating loop and mix it in the stain. Do not mix in too much of the specimen. If
you do, the cells will be piled on top of each other and it will be difficult to see

individual organisms.

e s i i S el s, b B M SR LD 20 s
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' de into the drop and
2. Spread the mixture over the slide by drawing a second glass ;Ii(feasmtt;m f smepar e
then pulling the drop back along the slide (Fig. 10). Try to m

possible. .

3. Air dry the mixture on a warm hot plate but DO NOT HEAT FIX.

hen place a small drop of oil on
| immersion lens (100 X ). The
light as possible is captured by

4, Locate the smeat with the low power lens (10 x ), t
the stained smear and view the organisms with the ol
condenser diaphragm should be open so that as much

the objective lens. B e : :sms should
If you have carried out the staining procedure correctly, the micro organisms sAou

be clear or lightly stained while the background should be heavily stained.

5. Draw, label, and describe what you see.

(@)

LTﬁ;ical

“f Gram (+)

Bacteral
Cell Wall

{b)

Typice
Gram (-)
Bacterial |
Ce!l Wal

};;ﬂwww

R A m s e i e

Deferential staining L S

G_ram staining Al - 1
(I;)ilsftf;renig;lbstams are very useful ip microbiology because they can be used to
stain,g'lt‘lhe Gmesetl;irglril:ugzcoftp;lctena. An important differential stain is the Gram
et or T of the most l.mport-ant.s}gps in the characterization and

Th e . . . v’ TR ok i)
Gram stain separates bacteria into one of two large groups: the. Grain-positive

differentially t : S etnla
Denzrz ll;?!;?h:gé::ﬁ ;cf)‘ sc::gt:r;gc:s in the structure and chemical composition of their
peptidoglyeanie it cteria have a thiclg cell .wail that consists primarily of

(%3 CamScanner
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i " v s of
The walls of Gram-negative bacteria have much less pept:doglycag th::]n !tl:i;j: .
Gram-positive bacteria. The peptidoglycan layer, usually e [;] ne S()‘li o
surrounded by a complex lipid bilayer called the outer meim m‘h';e oth;;
microbiologists regard this outer membrane as part of the ceill_wall whi! 0
scientists consider the outer membrane to be a separate a“,d d‘Sth't. e L
teichoic acids are associated with the cell wall of Gram-negative bacteria.

The Gram stain procedure illustrated in figure 12 consists of nine steps.

STEPS ; COMMENTS

1. Crystal violei 60 sec. Primary dye. (Primary
stain)

2. Water rinse brief
3. Gram's iodine 60 sec. Maordant. Gram's lodine
functions as a mor-
dant, that is, it forms a
chemical complex with’
the crystal viclet that
helps the dye attach to
the charged groups in
the wall, membrane,
and cytoplasm.
4. Water rifise . thorough
. 5. 95% ethanol 10 sec. Decolorizing agent. The
ethanol functions as a
decolorizing agent that
draws the ledine-crys-
tal vialet camplexes
~ from the gram-positive
and gram-negative
cells. Since the gram-
negative cell has a
much thinner wall than
the gram-posltive cell,
the lodine-crystat viclat
- complexes are more
rapidly removed from
; the gram-negative cells.
6. Water rinse thorough

7. Safranin 60 sec. Secondary dye. The
] safranin functions as a
counterstain to color
the clear gram-nega- | -
tive bacteria red. It is
believed that the gram-
 positive bacteria pick up
very little safranin be-
cause most of the
- charged groups are still
occupled by the crystal
ylolet.
8. Water rinse brief

9. Drain and blot dry

In order to obtain a reliable Gram stain, it is necessary to use a young culture of
organisms, no older than 24 to 48 hours. If older cultures are used, there is the
possibility of ambiguous results. As cultures age, progressively more cells sustain
damage to their cell walls. This damage apparently allows dyes to be more casily

CamScanner
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"Thus, Gram-positive cells. :
the crystal violet-Gram's iod
Damaged cells

mixture of big

leached from the cells by decolourising agents.
damaged cell walls end to lose their ability to retain :
complex and consequently stain as if they were Gram-negative,
pure culture of Gram-positive bacteria are sometimes the reason a Im
violet and red cells is seen in Gram stained smears of ‘pure microorganisms.
Materials i ! \ :
Young cultures (24 10 48 hours old) of the Gram-positive bacteria and Gram-nega
bacteria Escherichia coly.

Solutions of crystal violet, Gram's iodine, 95% ethanol, and safranin
Clean glass slides i )

Inoculating loops

Gas burner

Sink with tap water

Exercise 3
Procedure IR | )
1. Prepare a thin smear of the bacteria pfo'v_ided. When making a mixed smea
together on a clean slide. When using organisms from a plate or slant, mix in g

enough bacteria to make the drop slightly turbid.

2. Air dry the smears on a hot plate and then heat fix the bacteria over a burner fla
Heat fix for only 3 to 5 seconds. AR ' e

3. Cover the heat fixed smear with crystal violet and stain for 60 seconds. Rins
slide gently and briefly with water. Allow the excess fluid to drain from the slide.

4. Cover the smear with Grain's iodine. After 60 second thoroughly rinse the ,s.llide.-'

5. Cover the smear with the decolorizing agent, 95% ethanol, for 10 seconds. Afte
seconds, immediately wash all the ethanol from the slide with water to stop
decolourising action of the ethanol, If the alcohol remains on the smear for more:

10 seconds, it will remove the crystal violet-Gram's iodine complexes from i
positive as well as Gram negative bacteria and the staining procedure will not |

accurate results. SN A . =
If the alcohol does not remain on the smear for at least 10 seconds or is diluted whe
- added Because of rinse water remaining on the smear, the crystal violet will no
leached out of either type of cell. Again the staining procedure will not give accu
results. If the decolorizing has been done property, the Gram-positive cells will s

be dark blue violet while the Gram-negative cells will be clear and difficult to see. 4

6. Cover the smehr with safranin, After 60 seconds wash the slide thoroughly Wi

water. . an il
7. Carefully blot the slide dry with a paper towel, ;
8. Locate the smear with the low power lens (10 x ). Then place a small drop of oi

the smear and rotate the oil immersion lens (100 x objective) into place.
9. Draw, label, and describe what you see.
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3. Gram's ioding one mirwte, then ringg
wilh waler,

5. Saltanin ond minute,

8. Blot drv,

Acid-fast stain

The acid-fast stain is a useful procedure for distinguishing bacteria in the genera
Mycobacterium and Nocardia from all other types of bacteria. These genera contain
important human pathogens. Mycobacterium leprae is the cause of leprosy, while
Mycobacterium fuberculosis is responsible for tuberculosis. Nocardia asteroides
causes pulmonary nocardosis, a disease of the lungs that resembles tuberculosis.
Bacteria in these genera are said to be acid-fast bacteria because they retain a primary
stain (Ziehl-Neelsen carbolfuchsin) that is removed from other bacteria by a brief
treatment with an acidified decolorizing agent (acidalcohol). Aqid-fas_t bacteria stain a
bright red. Bacteria that lose the primary stain wh:?n treated .w1th an acit_:[iﬁed
decolourising agent are said to be non-acid-fast bacteria. Non-acnd-fa_st bacteria are
detected by use of a counterstain (methylene blue) that colors thern a bright blue.
ijéabacle?‘fum and Nocardia are unusual because they have a high concentration of
waxes in their cell wall. In some species the waxes may account for as much as 60%
of the wall's weight. The waxes make the bacteria difficult to stain since charged dye
bre do not 'rcadily penetrate the waxy layers of the wall. The primary stain is usually
ot ith the aid of heat to allow the dye to penetrate the waxy layer of the cell
;ai]ﬁ:cg;:; stained, the acid-fast bacteria are difficult to decolourise. The acid-fast

stain procedure . |
(Fig. 1])3) consists of the following steps.
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nog?n—wiﬂm ust be steamed for 5 Bm:_.m

STEPS ) v gtain m
1. Carbolfuchsin 5 min, mmﬁmz._nau Primary
2. Water rinse thoroughly o t
3. Acid-alcohol 20 sec. Decolorizing agen it
4, Water rinse thoroughly bl
5. Methylene blue 1 min, Counter m_:::
6. Water rinse briefly _ 3

7. Drain and blot dry

Materials

Young cultures (less than 48 hours old) of bacteria.

Solutions of Ziehl-Neelsen carbolfuchsin and Smﬂru_mun biue.
Solution of acid alcohol

Clean glass slides

Inoculating loops . A i
Clothespins ) : i
Gas burner e
Sink and tap water SN

g VR R

ey

s

Exercise 4

Procedure

L. Prepare airdried, heat-fixed smears of each n:::ﬁ Eoﬁn_mn_
Since the Mycobacterium is very waxy and does not mix with water omm__up <o= Bc
spend somie time breaking up the clumps of bacteria with the Eoo&%:m loop. If yo
spread the bacteria out as much as possible and the bacteria will not _un_n—__:_ﬁvnm.

IR

2. Place the m_&m on arack overa mmaw.

3. Cover the fixed smear with om_.gE._numE EE heat the stain. The oﬁwo_?orﬂ
‘must steam for at least 5 minutes.

In order to get the carbolfuchsin to steam, heat m from %3@ i:w the flame from the
gas burner. NOT ALLOW THE DYE TO BOIL. Also, remove the flame onomm_oam:
SO 5& the slide nonm not become so hot n_u_., it _u_.awwm _

4. If 8,%0_ paper was used, remove it w_.a n_mnwa in %w_.o_u:ﬂo containers (not in 5

sink). Rinse the stained smear Eo_.o__ms_u\ with ﬂ% water and then drain the excess
water from the slide.

5. Flood the slide with acid-alcohol. After %oo_o::m_:m m: 20 seconds ._Bao&ﬂo—_ﬂ_

and- thoroughly wash S_S tap water to stop the anoomoczm_nm action of the mom_.
alcohol.

The acid-alcohol removes the oa_.vo_?o:ms from cells that lack waxes in the cell wall
but.is unable to remove the stain from the vegetative cells with high concentrations of
waxes. At this point in the procedure, the iEQ cells are red while wax-free cells mqn
clear and very difficult to see. .

DA

6. Counterstain the smear with methylene blue for 60 seconds.
Methylene blue is a basic dye and binds to the negative charges on the wax-free Qo?

acid-fast organisms) vegetative cells. The counterstain does not readily penetrate 3
bind to the waxy cells. Thus, the waxy cells are red while the wax-free cells are blue,
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7. Rinse the smear briefly with tap water. Methylene blue is a weak dye and it is easy
to over rinse. Carefully blot dry with a paper towel. .

8. Locate the smear with the low power lens (10 x ), then place a small drop of oil on
the smear and rotate the oil immersion lens (100 X objective) into place. .

9. Draw, label, and describe what you see.

TR e i

35 1. Fiood the smear wilh carbol fuchsin,
 Heat ihe, stain from above with the flame
< o 4 gas-bumer so Ihal Ihe sigin sleams
“dot § minutes. Add addiional siain as
“he slain evaporales: You may wish io
?M the smear with a small piace of

\.\

Paper lowet dunang this slep lo mainiain : 2. 'Remave paper lowel, then wash
{ ] thoroughly with wates

- moisture.,

.2, Dacolonize with acid-aicohal for 20 4, Stop decalorizalion action of acid- 5. Ci rstain with meihylene biue for

alcohol by ringing thoroughly with vialer.  ane munute,

& finse brielty with wate! o remoe 7. Blot dry.
' excess melhylens bive.

Bliron 01§ Aadd ot ot P m b o

Exercise 5
Endospore stain

An endospore is a heat- and chemical-resistant 't‘m_-m produced by members of certain
bacteria genera in response to-adverse environmental conditions. The only bacteria
known to produce endospores belong to the following genera: Bacillus, Clostridium,
Desulfotomaculum, Sporolactobacillus, Thermoactinornyces, and Sporosarcina,
Endospoprs develop within the cell and only one endospore form per cell.
Consequently, this type of sporolation is not involved in reproduction.

Under favorable conditions, the' endospore forming bacteria proliferate like other
common bacteria. When the environment becomes unfavorable for vegetative growth,
the endospore former begins and sporulate or form an endospore. An unfavorable
environment may be one in which the carbon, energy, phosphate source is running
low; toxic waste beginning to accumulate; the temperature is becoming unfavorable;
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or the environment is becoming hypertonic (as & re

laboratory

Materials

Old cultures (older than 48 hours) of bacteria (Bacillus subtilis,

Clostridium sporogenes, Clostridium butyricum)

Solutions of malachite green (potential carcinogen) and safranin

Clean glass slides
Clothespins
Inoculating loops
Gas burner

Sink and tap water

¥
i

LiE s e B

1 Cover Ihs smear wilh malachite
. Heal Ihe stain lrom above with
mdngasbumer so ihat ine

in slgams for 5 minutes, Add

stan as ihe stain evaporates. |
J ey wish 10 cover the smear wilh 3
piece of biolting: paper during this
w lo mainlain moisture, gink or large can

4. Rinse brielly with watar (o remove
salanin,

Procedure for endaspore stain

1. Prepare a thin smear of one of the assigned cultures Anr dry and heat fix,

2. Place thc shde ona rack over a sink (ﬁg_._]-4).

3. Cover the dried smear with malachite green and heat the stain so that it steams. The

malachite green must steam for at least 5 minutes.

One method of steaming is to heat the malachite green from above with the gas burner
flame for § minutes. If the malachite green begins to evaporate, add fresh stain and
reheat so that the stain shows rising vapours. After vapours are detected, remove the
flame so that the slide does not become: so hot that it breaks. Another method of ;
steammg is to heat the malachite green for 5 mmutes from below with the steam from

a boiling water bath. .

2 A!lar 4lide nas cnded suthcsenny il
| discard Ine bloing paper and rinse |
thetoughly with walet. i

I

4. Cool the slide 'for‘ about 1 minute before cohﬁn_’iﬂnq g.

5. If towel paper was ujsed, remove it and discard it in an appropriate container, Wash

the smear thoroughly with tap water.

sult of desiccation). Undet

it e i B
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The tap water readily removes the malachite green from most bacterial vegetative
cells but is unable to decolorize the endospores. At this point in the procedure, the
endospores are green while the vegetative cells are clear and very difficult to see. .
6. Counterstain the smear with safranin for 60 seconds. Do not heat the safranin.

The counterstain is a basic stain and binds to the negative charges on the vegetative
cell. The counter stain does not penetrate the endospore. Thus, the vegetative cells
should stain red while the endospores, if present, should stain green.

7. Rinse the smear briefly with water. Carefully blot dry with a paper towel. Safranin
is a weak dye and is easily removed from vegetative cells by over rinsing.

8. Locate the smear with the low pawer lens (10 X ), then place a drap of oil on the
smear and switeh to the oil immersion lens (100 x objective) to examine the cells. The

condenser diaphragm should be open so that as rauch light as possible is captured by
the oil immersion lens.

Exercise 6
Flagella stain

Bacteria flagella are long thin protein appendages that some bacteria use to propel
themselves (fig.15). Even though bacterial flagella may be 2 um to 5 um long, They
cannot normally be viewed with the light microscope because they are generally less
than 0.025 um in diameter.

Flagella are found in arrangements characteristic of the species, with a single
flagellum (monotrichous), or flagella at one end (polar), or flagella at both ends
(amphitrichous), or flagella that originate over the entire surface (peritrichous).
Flagella at the poles of the cell may be single or multiple. The arrangement of flagella
is sometimes useful in the identification of certain species of bacteria. Because of this,
stains have been developed that allow flagella to be viewed with the light microscope.
A chemical called a mordant, which precipitates on the flagella, is used to thicken
them. The mordant is then stained and the thickened flagellar structures can be seen
with the light microscope.

Motile species within the family Enterobacteriaceae (such as Proteus) have
pér}itriqh_ous flagella, while bacteria of the genus Pseudomonas typically show polae
flagellates.
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Fig. 15 Bacterial flagells

Procedure - _ SRR R S
1. Gently. obtain a small mass of bacteria from a slant or plate and plage the mass,
without agitation, in 0.5 ine in a small test tube. Allow the mass to sit
undisturbed for 15 mi : ia diffuse from the mass (fig. 16),

2. While you'_lare waiting for the bacterj
flagellar stain, Mix 9 m] of the mord

+2 ml mercuric chloride) with 0.8
the mixture.

" :_L*
a to make the saline turbid, prepare the Gray's
ant (5 ml of potassium alum + 2 m| of tannic acid 4
ml of the stain (0.8 ml basic fuchsin), Thep filter
3. Rinse clean slides in 95% ethanol. Then flame the slides. Place the slides at 5 stee
angle against a test fube rack. " \ %
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: Mak‘e three slides for each organism.

o 5'. Place the slides on a staining rack over the sink. -

6 l*lood the smears with freshly prepared flagella stain. Stain one smear for 5

_mmutes one for 10 minutes, and one for 15 minutes. Rinse GENTLY AND
“BRIEFLY with water (or dip into water).

, ? Counterstam with crystal violet for 1 minute, Rinse GENTLy AND BRIEFLY with

: water and carefully blot dry with a paper towel or bibulous paper.,

il 8 Locate the smears with the low power lens (10X), then switch to the oil immersion
~lens (100 x objective). |

& 9, Describe ,-draw, and label your fi nding's. '

B‘Eg 16 Procedure for flagellate stain

) Tansfer 8 smaimass of cells lo 05ml 2. Place a lawge drop of he sighty rbld. 3. Al dry. Do nct heat fix,
ol ssiing. Allow this haclerial suspension  bagterfal suspension near the lop of each

‘. W usisturbed for 15 minutes., of throe aloohal cleaned siides and allow

the drops (o run down the siides. i A

A imnﬂh""""’m'mm 5. Genlly rinse, 6. Countersrain with crystal violal for one
: s1aln for 8 dilerent tima: 5 min., - minute.
P _lbmh and 15m¢. 5

L) Onntly ringe. 8, Blot drv.
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Microbiological analysis of water purity

Introduction _ of
The natural water bodies such as lakes, streams, rivers contain sufficient arnount
nutrients that support the growth of microorganisms, There are different ways :
which microorganisms enter in water supply, for example broken scwer lines,
congested centres, inappropriate treatment, etc. In addition, lack of awareness among
people also add in contamination of water. Unhygenic environment at public places ©
water collection is also one of the reasons. People suffering: from communicable
diseases also discharge pathogenic microbe in water through their excreta, for
example amoebic dysentery, typhoid fever, bacillary dysentery. poliomyelitis, efc-
Bacteria in water multiply at 35°C and at 20°C il i ’
The faecal Coliforms: On the basis of microbiological examination of water, It
potability (suitability for drinking) may be ascertained. Intestinal bacteria present ifl
water generally do not survive in aquatic environment due to physiological stress, but
if entered human system in the mean while, they cause serious problems. The
characteristic-group of intestinal bacteria are the coliforms. « R
Coliforms are defined as facultatively anaerobic. Gram-negative, nonsporing :
shaped bacteria that ferment lactose with gas formation within 48 hours at 37°C. The
colifom groups are present in water due to faecal contamination i.c. discharge of
faeces by human and other animals in water. Coliforms are the members of the family
Enterobacteriaceae which includes E.coli, Enterobacter aerogenes, and Klebsiella
pneumoniae. These bacteria make up about 10% of intestinal microorganisms of .
humans and other animals and, therefore, have found wide spread use as indicator
organisms, as an_index of possible water contamination. If such bacteria are not.
detectable in water in 100 ml, the water can be said as potable water.
Unfortunately the coliforms include a variety of bacteria irrespective of their primary
source as intestine. To differentiate from others the faecal coliforms are tested for
their presence in water (Klein and Casida, 1967). R R

ng,' rod

1. Sanitary Tests for Coliforms AN R S SR NS
The original test for the presence of colifom in water is done by standard multiple |
tube fermentation technique. This method involves the three routine standard tests:

(a) the presumptive ! ' RN A

(b) the confirmed test, and

(¢) the complete test A it NikE |
(i) Presumptive test: A series of fermentation tubes each containing lactose broth or
lauryl tryptose broth of known concentration, are inoculated with known amount of
water. These tubes are incubated for 24 to 48 hours at 35°C (Fig. 17).-Generally, five
fermentation tubes containing single or double strength broth are inoculated with 10
ml water; 5 tubes with I ml water and 5 with 0.1 ml water. At the end of 24 hour of
incubation, the tubes indicates that the coliforms are absent. These lubes are incubated
for an additional 24 hours to be sure for absence of coliforms (i.e. gas prédu’ction)‘ ,

(if) Confirmed fest: If a positive test of gas production is obtained, it does not i)
that coliforms are present. The other organisms too also give false Pdsitive
presumptive test because they are also capable of fermenting lactose with formation
of acid and gas. The positive presumptive test is resulted due to synergism j.e. joint
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-~ wethon of two microorganisms on a carbohydrate with production of gas which is not
. formed if both are grown separately. In addition if yeasts, species of Clostridium and

‘some other microorganisms are present, gas is also produced. Therefore, a confirmed *
-~ test is performed for the presence of coliforms. All fermentation tubes showing gas
~ - within 24 hours at 37°C are used for confirmed test. It is of two types as described
©bélowr

- {(iliy Completed Test: In the last the completed test is performed to ascertain about
- the presence of coliforms in water. The purpose of the completed test is to determine
- whether
~ (a). the colonies growing on EMB or endo agar are again capable of
~ fermenting lactose and forming acid and gas, and
(b) the organisms transferred to agar slants show the morphological
appearance of coliform group. Each colonies form positive confirmed test is
transferred to lactose fermentation tube and to nutrient agar slants. The tubes
_ are incubated at 37°C for 48 hours.
.- Production of gas in fermentation tubes and, demonstration of Gram-negative, non
- spore forming rods on the agar slants constitute a positive completed test for
coliforms. - :
The absence of gas and the rod production confirms for negative test of coliforms.

Exercise 1
Total colony count Colonies 100 mI” — Membrane filter method

Application
g The method is applicable to potable water, surface water and effluents. ‘

" In the context of the method, micro-organisms which produce acid from lactose anid
form yellow colonies on membranes after incubation for 4 hours at 30;°C followed by
14 hours at 37 °C are regarded as presumptive coliform organisnd. 0 )
The method b RO

solate the micro-organisms on a membrane placed on an ﬁbsbrbﬁ;pi pad satprﬁted with
a broth containing lactose and phenol red as an indicator of acidity aiid stibsequently
I ; X

confirm the ability to produce gas and indole where necessary. §

Apparatus RIS . hs. %
Membrane-filteration unit (Milipore) :
Membrane filters (47 mm diameter-, 0.45 um pore size) , R
Absorbance pad (47 mm diameter; I mm thickness) '
Incubator )

© Petri dishes
Pipettes (bacteriological)

- Water bath

~ Autoclave
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\j Water Sample

23

01 a_ sample) g

Inotulale 15 lubes (5 _.___wou ._____5 G _5_ 5 with 1 mi g:a 5 5._5 « .
a a_ %& 4 a_ 33 i) o d ml 2% )
] ! Laclosd of ,u_..a_ tryptose broth

: w 1 :
<

% . Incubate

No coiforms s— i At unma-m .?q S s Pasitive
izligas 22_:2___ .
A5 ’
 Negalive

Sy Iy Negalive

Reagents and media

Membrane hmcaa Sulphate Broth

Peptone - : 40g
Yeast mxn.uaﬂ : _ ! LG
Lactose 30g

Phenol red (0.4% wiy aqueous solution)
Sodium lauryl sulphate - - specially u___d
Distilled water

_ucu_ =§

%zs%a &»RE.___._ N S

il mm . ; i h&wlaw:_%g_naou??ﬁ
W Nao coliforms i ! broth (8GLB), .anccu_l for 48 _q
C e i s..um;n At

N :m_.eur the, u__swn a

Levine's EMB or mano agar )

~Incubate at 35°C for 24y

50 mii g R -
g .
1

Add the Em_.naaam to the water and mix wna_u\ to avoid fr
{
medium should be 7.4 to 7.5 and it may be necessary to ma.ﬂ_wn M.__M ﬁwﬁﬂw MHNo of wwn
ut 7.6

before sterilization to achieve this. Distribute in moai-om%& bottles

115 °C for 10 minutes,

and autoclave at
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'Note: . The media used with membrane fillters differ in composition from those of

:' 7;-1&_;&-\Multiple Tube Method and Pour Plate Culture Method because membranes
selectively absorb some substances but not others. !

- Procedure

~Preparation of the samples- The volumes should be choosen such that the number of
- colonies to be counted on the membrane lies, if possible, between 10 ml
and 100 ml.
For treated waters, filter 100 ml of the sample.
~For.polluted waters, either filter small volumes or dilute the samples before filtration.
. Ffiteration _
- Place the sterile filteration apparatus in position and connect to a source of vaccum.
_ Remove the funnel and place a sterile membrane (gird side upwards).
- Replace the sterile funnel on the filter base. st '
' Pour or pipette the required vouime of water sample into the funnel.
Open the stop cock and apply the vaccum (500 mm Hg).
- Close the stop cock as soon as the sample has been filtered. .
- Remove the funnel and transfer the membrane carefully either to a pad saturated with
- the medium or to a well dried agar plate (ensure that no air bubbles are trapped
 between the membrane and the medjum). . )
 Pour any excess of medium from the saturated pad either before or after the
membrane is placed in position. - ! Ui
" Note;For different volumes of the same sample, the funnel may be reused without
boiling provided that the smallest volumes are filtered first.
For different samples, remove a funnel from the boiling water bath, allow to cool and
~ repeat the filteration procedure.
- After filtration of each sample, disinfect the funnel by immersion in boiling distilled
- water for at least one minute. '

L

[ncubation and examination :
Place the Petri dishes with the membrane inside a container with a tightly fitting lid to

- prevent drying out. .
* . Incubate the membrane at the temperature for the duration of time specified for the

- organism sought.
. After incubation count the characteristic colonies on the membrane within a few

" minutes under good light (if necessary use a hand lens).
Express the results as the number of indicator organisms per 100 ml of water sample.

Advantages i |
" A quick method by which results can be obtained as direct counts. There is a

. considerable saying on labour, in the amount of media, and the glassware required.
- The conditions of incubation can be varied easily to encourage the growth of slow

growing organisms. .

Limitations: j
(3as production, for example, by coliform organisms is not detected. Membranes are.

iot suitable for use with waters of high turbidity or those containing small numbers of
indicator organisms sought.

CamScanner
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Funnel
(slainless stael)

Locking fing

Porous
Carbon
disk

Flask

tHH——— Millipore fiter .
itk Caolonigs,

[
Ty

ot i &
LA S - \ 5 i

Incubation and Examination of Membranes for Thermo tolerant Coﬁfofﬁs S

and E.coli : - ' , i
Incubate the membranes for 4 hours at 30 °C and then for 14 hours at 44 £0.25 "C°C. |
Count the yellow colonies within a few mintues of remova_] from the watér bath or

incubator. i '

Note:Provided that the membranes are not overcrowded, colonies of E.coli usually
have characteristic apperance of bright yellow in colour and are more than I mm in
diameter. Total incubation period of 18 hours is recommended for the enumeration of
coliform organisms and E.coli. It is important to note that the counts of yellow
colonies at 37 °C and 44 °C are only presumptive results and for potable water it is
essential to carry out confirmative tests for coliform organisms and E.coli in order to
asses the sanitary significance of the results. ; A

Confirmation and Determination of Coliform Organisms
Subculture all yellow colonies or representative number of them, in tubes of Lactose
Pepton Water containing an inverted (Durham) tube in order to detect gas formation
Incubate these tubes at 37 °C and examine them for the presence of acid and gas afte
24 hours, and if the results are negative re-examine after a further period of 24 h }
It is advantages to subculture after 6 hours of incubation from the Lactose Pe;g;sé

Water and plate-on Nutrient-Agar and Mac Conkey-Agar to check the purity and

colonial appearance.
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8 ﬁrmntmn ol‘F coli

ubayltare aft yellow colonies or a representative number of them in tubes of Lactose
-« Peptofie Water and in tubes of Tryptone Water.

2 "--Irmutmtu them ‘at 44 "C for 24 hours and examine the tubes of Lactose Peptone water
ey tor the:présence of acid and gas. Add 0.2-0.3 ml of Kovac's reagent to the tubes of
o8 f "1910110 Water. Development of red colour indicates the production of indole.

KA N-?_t_ﬂ_._.:-.’{&l!ow cqlomes on membranes incubated at 44 "C are regarded as E. coil if
R u_md and gas are produced in Lactose Peptone Water and if the Indole Test is positive.

E:gg:relse 2
TOTAL COLIFORM Counts 100 mi" - Multiple Tube Fermentation

B '&ppllcahon _
S The melhod is apphcable to potable water, surface water and eﬁ'luents

oy -Tlle method

¢ Water samples or their dllunons are inoculated in a suitable broth (liquid nutrient
~medium). At thé end of the ‘incubation period, the tubes are examined for gas
i -"produetlon by the coliform organisms. This test is known as a Presumptive Test since
‘-~ gas can also be produced by bacteria in addition to coliform organisms. The positive
-~ tubes of the presumptive test are. subjccted toa Confirmatory Test followed by a
e Lompletcd Test.

:Am)aratus
- .- Fermentation tubes
~Inoculation loops
.. 'Water bath with a thermostat
- Durham vials
- Microscope
- All the other basic materials required for total coli form counts Reagents and culture
media
. Potasium dihydrogen phosphate KH;PO4
© . Sodium hydroxide
- © Magnesium chloride
.. Mag Conkey's Broth (single strength medium: pH 7.4-7.5)
llrilliaut—green Lactose Bile Broth (pH = 7.2)

Peptone s 10.0g
Lactose . 100g
Ox bile (dehydrated) 200g
Brilliant-green 133 mg
4 S Distilled water- 11
il [g.osine Methylene Blue (EMB) Agar (pH =7.1-72)
? Peptone 10.0 g
Lactose 100¢g
Dipotassium hydrogen phosphate (K;HPOq4) 2.0 g
Agar 150 ¢
Eosin Y 0.4g
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Methylene blue 0.065 g _

: Distilled water 1 §

Endo Agar (pH = 7.4) 1

Peptone 100 g

Lactose 100 g !

Dipotassium hydrogen phosphate (KzHPO4) 3.5 8

Agar 15.0g i

Sodium sulphate 25¢ i

Basic fucshin 05g

Distilled water 1l

Procedure é
Presumptive Test

L. Select the dilution according to the expected bacterial count using L
2. Select the number of tubes for each sample
3. Put Durham vials inverted in each test tube and put the
the tubes at 121 °C for 15 minutes. - I
4. Shake all the water samples vigorously immediately before rcmovmg sa
aliquots to inoculate the series of test tubes.
5. Add samples using sterilized pipettes to the test tubes selected for thc test. and leH
 thoronghly. Use separate pipettes for different samples as well as for dilutions. Whlle
withdrawing sample portions, the tip of the pipette should never be submerged more
than 1 inch below the surface of the sample. This procedure mmlmlzes thed
accumulative drainage from exterior of pipette into the media. - i T 1
6. Place within 30 minutes, all these tubes in an incubator at 35-37 °C. o
7. After 48 hours, examine each tube carefully. Those showing gas m the Dl.ll'ha;ttrhr
vials are recorded as positive (+). Gas in any quantity even a tiny bubble is recorded
as (+). The tubes showing Positive Test are subjected to: Confirmatory Test as. gas*
production is not the only criterion for a positive test,
8. Discard all the Durham tubes first at the completion of 24 hours Subject the tubes
showing positive test immediately to a confirmatory test. Incubate negatlve tubes to a g
further penod of 24 hours and observe any posmve rcsults ’ ]

mcdla reqmrcd Stcrlllmf

mple

 Dilution of water samples for the Presumptwe Test O

Type of water Sample volume  Culture volume " No.of tubes 5
(ml) (m) (mD R S
Potable water 10 - 10(double strengﬂn) Wit 03 5
Surface water 10 - 10 (single strength) b DS ‘
(Unpolluted) 01 10 (single strength) 05

0.1 10 (single strength) 05

0.01 10 (single strength) g5
Polluted with 0.1 10 (single strength) 05
Domestic sewage 0.01 10 (single strength) - 05

0.001 10 (single strength) 05 - |

0.001 10 (smg!e strength) 05 Ll '

SRR iy B L DO N i e
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For {his test. Brilliant-green Lactose Bile Broth (BGLB) is used.

i 'L Prepare fermentation tubes with 10 ml BGLB medium and put Durham vials
. inverted in each tube. The number of tubes to be prepared is equal to all positive tests
~ in the presumptive tests.

« 2, Shake gently, the fermentation tubes of presumptive test with positive results and
. transfer one loop-full of medium to BGLB broth. :

- 3."Incubate the tubes at 35-37 °C for 48+2 hours and record the tubes with gas
- formation as positive. Remember that wrong concentration of BGLB or the exposure
- of the media to excessive heat or light may give false positive tests.

. Completed Test
_ Exercised
- Since some of the positive results from the Confirmatory Test may be false, it is
_desirable to repeat the completed test occasionally. For this, inoculum from each
positive tube of the confirmatory test is streaked on a plate of Eosine Methylene Blue
(EMB) or Endo Agar.
{. Prepare Endo-Agar (5.7) or EMB (5.6) Agar Petri dishes. The number of Petri
 dishes to be prepared is the same as that of tubes showing gas production in BGLB
. medium. ' )

ey Label the dishes with the corresponding numbers of the tubes of confirmatory test.
Streak inoculum of the BGLB tubes on the Petri dishes in such a way that the colonies
after separation have a distance of 0.5 cm.

3 Incubate these Petri dishes at 37 + 2 °C for 24 hours. .

~ Now cxamine the dishes for bacterial growth and colony appearance. Well isolated
_ colonies with a dark centre (nucleated) are the typical coliform colonies.,

‘They may have a metallic surface sheen.
The colonies that are pink or opaque are not
nucleated. They are typical colonies and may belong to the coliform group.

Clear, watery colonies are not of the coliform group and are reported as negative in
the completed test. Y . _ ;

Now inoculate a coliform colony isolated (avoid plckmg a mixture of colonies) from
edch place into the tubes of Mac Conkey's broth and record the gas production (a
repetition of the presumptive test but with the colonies) within 48 hoqfs at 37 °C.

¥

lonies by Gram Staining. For this, transfer the colonies to a

Also examine the co
Alto ¢ sl Subject the colonies obtained- from agar slants to the Gram

putrient agar slant.
Staining. i he N b
If organisms appear rod _(bac:lh)_ shapgd, red_'stamed and_occurrmg sx.ngle or in pairs
" or in short chains, the test is confirmed. Since the coltff)rm organisms are Gram-
ﬁégati\}_c. if the Gram—positiye organisms or spore forming organisms appear,this
-.pﬂﬁio‘l’l (completed) of the test is noted as negative.
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FAECAL COLIFORM (E. caf[) counts 100 mrl - MU"IP]C Tube Fermeﬂm

surface water and

Application - The method is applicable to potable water,
effluents.

The method ‘ ¢ but the
Conduct the presumptive test in the same way as the total coliform coun
confirmatory test should be carried out as outlined below.

E. coil medium
Lauryl Tryptose (Lactose) Broth (double strength)

Tryptose 40g
Lactose 10g
Sodium chloride 10g

Di-potassilim hydrogen phosphate 558
Potassium dihydrogen phosphate . 55¢g
Sodjum lauryl sulphate - specially pure 0.2 g
Distilled water | 11

ater and warm to

Add the tryptose; sodium chloride, lactose and phosphates to the water and war
dissolve. Add the sodium lauryl sulphate and mix gently to avoid froth. ‘At_il_]u_st fo pH
6.8. Prepare single strength medium by dilution of the double strength medium with
an equal volume of distilled water. Distill single strengt ! :
and double strength medium in 10 ml and 50 ml volumes. Each tube or bottle should
contain an inverted fermentation tube. Autoclave at 115 °C for 10 minutes. 2%

Procedure- Pfesumptive Test :
Perform presumptive test as of the total coliform count.

Confirmatory test '. | Ui AR
Carry out the test exactly as of the confirmatory test for total coliform count but use

E. coli medium instead of BGLB an incubate the tubes at 4.5 "C in a water bath
within 30 minute after inoculation. LA it j

Remove the tubes after 24 hours. ; A b
Shake the tubes gently and observe the gas production. The test is positive if any gas

is produced. Such tubes may be subjected to the compl?;ted test. i

Calculation of Most Probable Numbers (MPN)

The calculation of MPN of coliform organisms is done by combination of positive
and negative results in the Multiple Tube Test. The values can be calculated fo ity
of the combinations given in Table. (If three combinations, e.g., 10 ml, 1.0'ml and 0.]
ml have been used ). The important thing to remember is that the positive 'ar; d
negative combinations of any one test can be used e.g., if a test has been carried it
only upto the presumptive test stage, than the positive and negative combinations of
this test can be used to calculate the MPN. If all three tests had been carried out, th
MPN can be calculated on the basis of either presumptive, '-Conﬁrrhato;y oﬁ;

completed test. _

h medivm in 5 ml volumes o
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. MPN per 100 ml for various combinations of positive results when 5 tubes
. cach of 10, Tand 0.1 ml sample fractions are used

-‘-.;.__f:ii_‘l-_l,lhi‘_llal_iO_l_l_ MPN per 100 Combination MPN per 100 ml

-

: mli
000 2 430 27
001 2 .10 33
1 0a0e0 2 4-4-0 34 -
© 020 4 5.0-0 23
1-0-0 2 5-0-1 . 31
1-0-1 4 U000 43
g 4 S0 AR
b~1-1 6. i P 46
[-2-0 6 212 63
bl 5 S 49
2-0-1 1 5-2-1 70
S By i 522 94
201 5 530 79
2-2-0 9 5-3-1 : 110
2-3-0 12 509 0| 140
3-0-0 8 5-3-3 180
3.0-1 e 5.4-0 150 i
3-1-0 1 54-1 0 i
3NN 14 5-4:2 ' N )
3:2.0. 14 5-4-3 280
3-2-1 17 Sd4-4: 350
4-0-0 130 GG AR 240
- 4-0-1 17 it B 350
4-1-0 17 5-5-2 *540
4-1-1 21 5-5-3 920
4-1-2 26 5-5-4 " 1600
4.2-0 g, 22 5-5-5 2400
a0 26
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AQS 103 10 Aquatic Microbiology and Water Quality
Practical NO. 5

Introduction

, ia, Withil
The staining procedures are used to characterizing and identifying l.)acter la'nl‘;vni} i
ew minutes it is possible to determine the group of organisms to "f’hwh af l;a into 48
solate, Gram staining and observing cell shape and arrangement divide bacter b ydj..
least four groups. An acid-fast stain of rods can determine whether or n hethef
have an organism Jike Mycobacterium, while an endospore stain can indicate whe -.;

or not your unknown might be an endospore former such as Bacillus.

Grain-positive nonsporulating, non-acid-fast rods that have ' various sllgapd_
(pleomorphic), that line up parallel to each other like a picket fence (palisa o
arrangement), or that contain metachromatic granules are very likely coryn_efor;‘f_l o
such as Corynebacterium. PO ! Tk

Gram-positive cocci that form long chains are called Streptococci and are p'rob'abl;;_ﬁ;
related to Streptococcus, while Gram-positive cocci that form cuboidal packets of 4;-:
8, 16, or_32 cells are known as sarcinae and may be related to Sarcina of 3
Micrococcus. Gram positive cocei tending to occur in irregular "grapelike” clusters |
probably are related to Staphylococeus or Micrococcus. Cocei which at_'g:,.f_();und m
pairs are known as diplococe. ' PR LT R R
Gram-negative diplococci may be related to Neisseria, while Gram-positive |
diplococci may be related to Streptococcus or to Staphylocaccu RO {

Exercise 1

Procedure

1. Carry out a Grain stain,
stain on your unknown.

acid-fast stain, capsule stain, endospore stai_‘n",:‘ and flagella
2. Determine the shape of your unknown and any distinctive arréngements of the:
cells. ' ' \ R

- 3. Streak the unknown onto on nutrient plate and incubate it 2
characterize the colonial morphology and colour of the unkno
4. Use the key to determine which organism you have,

4 10 48 hours at 35°C.
Wn. !



https://digital-camscanner.onelink.me/P3GL/g26ffx3k

md&;‘m"‘ Microbiology and water qualioy- Practicals 33
Manage

GRAM POSITIVE
A
i Y
it ] Fd Coceus
Solieg A _
LA 3 { 0 3
' No Endospote: Celisin Cels i Cells in
: grape-ike chains packets of
1 ! ¥ chusters Streptococcus 4grB
; ' Sarcing
Golgen yekow  Wnie s
calony colony :
Laclobacilys
f_‘-Jb_\ ;
: 3
Acid fasl Non acid fast Yallow of rose ' White -
Mycobacterium Brevibacienium colonies colonigs
{Corynebacterium)’ Micrococeus ' Staphylococcus
GHAM NEGATIVE
A
v A ¥
kel I Coccus
A
' T : '
Yeliow  Cream-gray . Celigin
colony colony i pairs -
Erwinja . _ : Naissaria
ry AI_ :
¥ )
Grean b yelow: T No waisr
green valerscuble I soluble pigment ’
plgment - A L
Pseworoess (T Ty
A P
s Y hTENTT T
Polar hageila ; . Peritrichous Capsule { No capsule
Vibrio (R flageiia Kiobslella SRR Shigeila
Aaromonas Escherichia Saimoneha
 Enterobactar
Proteus
Salmonslla
Erwinia i

*Some species/sirains fiave goldryeliow pigments.

B B e am e

ey for the identification of bacterial genera based on morphological and
staining characteristics IR AL

Exercise 2 i S SR :
dentification of an unknown bacterium i
The identification of unknown bacterial isolates is a common task of microbiologists.
[n the clinical laboratory, it is essential that microorganisms isolated from a patient be
 identified promptly and accurately so that the proper treatment can be initiated
thout delay. It is also important that microorganisms isolated from foods and
' I‘)cherages implicated in food poisoning be identified so that the appropriate control
- measures can be initiated and the outbreak stopped. | i
 ria may be identified on the basis of morphological, cultural, and biochemical
Bt Morphological criteria such as the shape, size, and arrangement of

teristics. - . k | .
ch;l]?c:: usually not sufficient to identify a bacterium unequivocally. Other
ce : .

-
.
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' . colonial £
| . Pk erties, CO*

characteristics, such as Gram stain and acgd—t"ast staining P;;ps must be used:

patterns, fermentation reactions, and assimilation of amino . 3

LY sts USCH

N 1 and biochemical t€ b

Table 1. Summarizes the characteristics of cultural and bioc 4

identify unknown bacteria,

CONTROL MICROORGANISMS
- Wi 4 POSITIVE s stesrothermophis
Growih al 20°C (16) Psaudompnas fuorescens Pssudomonas frores
Growth at 35°C (16) Escharichle coll Exmmcd
HOWH BTG (14 Becillus stasrothermophitus )
Colony characteristics (6}
form
elevation
margin
b .
naitad | i . bot
Gram stala (9): Staphylococcys epidermidis scherich aagi i
Acid-tast stain (9) Mycabacterum phiel. : Escharichia et
Cell morp | _ :
Qapaule (10) Kle bsieit preumoniae | Staphylocot: A
Endespores (10) Bacilus subtiis ks . :;dwm M ; B
. Glucose fementation (24)  Eschedchiacod | | Micrococcus luteus ]
Lacioss farmentation (24) : Eschedchiacoll ' | . Micrococcus “WW“ _
Maitoss farmentation {24) Escherichia ool . k | Micracecous luteus
Maritol fermentation (24) Staphylococcus aureus . . | Microdopcus luteus
Metinyl fnd test (241 Escherichlacalf il Wﬂ
Voges-Proskauer test (24) | Enerobacter aerogenies ! y Escherichia cali | s
Calstiae Wit 55} Staphylococcus epkdemidle g
Onidase test (25) Psgudomonas fuorescens ;  Escherichia coll ]
Starch hydrolysts (23) Bachus subdlls Escheriohia coll
Cassin hydrolysis (23) Bacilus subtils Escherichia coll
Fat hydrolysls (23) Proteus mirabilis 4
Indole production (26) Escherchia.coll Enterobecter aerogenes |
He preton 9 Protaus wigeds | Eschenchiecol
Nitrale raduction (25) . Pssudomronas fluorascens, |  Staphylococcus epidemicl
Gelatin hydrolysis (27) ' Bacillus sublils | _ | Escherchiscol
Phenjylalanine deamination (26) ! Proteus vuigaris i \ Egcherichfacofl | _g
Ures hydrolysis (27) Proteus viigeris PR . Escherichis coll ' 4
Citrate, utitization (27) Brirebucter Miromants b 1
]

An unknown may exist as a pure culture or as a mixed culture. If the unknown 'is I
pure; it must first be purified before proceeding with its identification. Purificati
wsually is accomplished by streaking the mixtute onto agar media. The purity of a ¢
ture (even if it was pure at one time) should be verified by performing the Gram st
and determining if all the bacterial cells seen in the. stained smear have the sai
general shape and arrangement. LR BRI !
Once the purity of the isolate has been established, the culture can be subjected t
variety of tests to obtain a morphological and biochemical profile that will aid
identification. Each test should be controlled to make sure that the culture medium
sterile'and suitable for the test performed, the reagents are able to detect the desi;
* products, and that your techniques are adequate. .
Once @ biochemical and morphological profile is obtained for each
they are identified using a dichotomous key (Above table), - |
By choosing’ the characteristios that fit the unknown, eventually you are led o)
possible genus. It is always a good idea fo werily your results by reading 1
description 'of the identified isolate in a reference book. Befgeyvs Manugl
Systematic Bacteriology is the major reference (Available). Use the latest eda't'
available in your library or classroom and compare the description of By l;
with the results that you obtained. Try to explain any discrepancies betwe isol
results and those published in Bergey's Manual. €n yc

]

of the isolat

CamScanner
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& Procedure
Airst Period
. I. Label the bottom of two TSA plates with your name, dat
bation at room tem

e, and unknown

“.identiﬁcation number. Label one plate for incu perature and the

other at 35°C.
2. Streak both plates with your unknown sample in. order to obtain well-i
" colonies of the unknown culture. ;

solated

': 3. Incubate one of the plates at room temperature and the other at 35°C.

Second Period

1 \-Exatlninc the plates for the presence of well-isolated col:)nigs. il ;
. 8ince your unknown may be contaminated with a mixture of bacterial SPCCI.CS,
sifefully examine the colonies on each plate to determine the extent of contamination

tmd the characteristics of the unknown.

i Mark well-isolated colonies of each of the types appéaring on the plate by circling

. their location with a grease pencil on the bottom of the Petri plate.

" Make sure that the colonies you select are on the streak pattern. Colonies off the
- wtreak lines may be contaminants. ,

Characterize selected colonies as follows:

- a. determine the colony's shape, margin, elevation, consistency, and color.
b. determine the temperatures at which the organism grows by inoculating
trypticase soy broths. Incubate the broths at 4°C, 20°C, 35°C, 45°C, and 55°C.
¢. determine the Gram reaction for each of the isolated organisms.

4, isabquiture the purified organism onto slants of TSA.

Record your observations on the unknown report form.

|| hird Period. | '

1. Verily the purity of your cultures by doing the following:
< a. examine the plates for the presence of one predominant colony. Make sure
** . that you examine only those colonies appearing along the path of streaking.
b. perform a Gram stain on several representative colonies in each of the
plates. If the culture is pure, all the colonies will have cells of the same

' morphology and Gram staining characteristics.

" a. Ifthe cultures are pure, prepare  fresh subcultures of each isolate on

- TSA slants. These two subcultures represent a stock that will serve as a source

- of bacteria for the tests to be performed in the fourth and any subsequent)
~ period of this exercise. ‘

b, If your cultures are not pure, repeat the procedures outlined the second
~ period of this exercise.

CamScanner
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Fourth Period £ the tests

. 0
: . b : erform each

1. Using the plates or slants prepared in the prev:o#s period, perioft
indicated on the unknown report form.
Fifth Period - A known bacteria.
I. Using the dichotomous key in the above table, identify i our unkn
2. Compare the results you obtained with those publishe | R
Systematic Bacteriology. Lt o vour results,
Using the unknown, report form, write a paragraph or tw(zl.eﬁlilﬂ;l;mg y
how you arrived at the identity of your unlmowns.,'aﬂd _?"?Y' 1;:1‘ E !
evident between your results and the descriptions in Bg; gey's an S

»

d in Bergey's Manual of

cies that may "?" i

| Gampostive ' -
i
] Rod .
: | , Ll ha
by 4 Ll i i
" . owgalé ‘. S ,
Re ALy {(Clostridium, (Sreptococcus)
~ Acid fast _ ‘_I
(Mycobacterium) o ‘T fast
Catalase + S Gy L 1 oo ‘
Glocase fermmen
fLactobacilus)

-

obacten & (Corynebacteriumy - i T
. . i a N ! 1 1 :.‘ ; I' A A k.
- SRR :":':Nl[, .gﬁ'm
it ;‘B_,hbrd[h g
Mp RSt DR T ;

Cose not fermented Glucose fermenteg i ALY i ,\\_‘

Anaerobic,
tetrads (4)
Padeels {16]
in broth
{Sarcing)
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