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- 1

MICROS CO PE S ----- Active space -----

Types and Features © 00:00:15

Ocular lens
("”r\la}ﬁed eye : 0.amm

i

Resolution |, L\S\’\’C microscope * 0.aum

i i
Objective lens Specimen on slide

L glectron microscope : 0.8 nm

Stage

LIGHT/BRIGHT FIELD MICROSCOPE Condenser lens
Light source

General fectures :

AKA : Compound Microscope.
b pe L'\S‘n’r/ bright $ield microscope

Components : Magnified o
* Light source : Visible light (waveleng’ch : SSONMY. ‘mage /ﬁ
S O AN
* Objective lens. L - oot ":\\‘}?L A
- nimcation. e Ocular lens «—# [
* Ocular lens. Mj = b vere \ /
' \/
Resolution of light microscope : \
* Resolution : 0.3um. Lo 1 DimaCass
—>Wavelength of light. Spedinen
* Dependson | x
L Numericol aperture of i Sl
objective lens.
. . ) : Light
mMagnification ot light microscope : Rayy diagram of light microscope
i ¥ %
Magnification of objective | Magnification of ccular ! : A
Lens _f - Final magnification
lens Eis lens :
Scannex lens 4x { 40x
Low dry lens 10X : ? 100X
10X
High dry lens 40x 400x
Oil immersion lens 00X } 1000

DARK FIELD MICROSCOPE

General features :
F\d\/an’cages over l‘\ghic microscope

. unstained/- ‘cmnspouren’c specimen : Live organism. a. Slender bacterio visible.
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Hollow cone of ligtt

General Microbiology and General Bacteriology

modificadion : objective lens scattered light
transmitted
Condenser lens has central opague light stop direct \
* lluminotes specimen with a hollow cone of light.  *** as
Organism brighty lit against bright background. o

some light

condenser lens ——< ">

_\ opaque light

stop

light s:ource
T.pollidum under Dark feld microscope
dork feld microscope Phase plate D et "
PHASE CONTRAST MICROSCOPE Ll N,
gy Bt
General features : specimen——__

Slide ——— S ———

Admn’rages over \‘\3h’c microscope *
. Unstained/transparent specimen : Live
orgcmisrﬂg.
a. 2D efect and better contrast of internal Light source ——————

structures. Ray diagrom
Principle : Diflerence in amplitude of ligh’( -3 D‘\Qﬁer\ng ligh’c intensities.

L‘\gh’c microscope Phose contrast microscope
detector
FLUORESCENT MICROSCOPES *§ ‘ O“‘5 i Sriiiad
' e & wavelength light
Fluorophores . » /emls\wn ter
° excitofion wa\/e\eng’ch : Short e | |——m€f cury
lamp
an\/eleng’ch (uv Y'a.ﬂS). dichroic mimor g
° emitted wa\/e\eng’ch * Longer light source
wovelength (Visible \'\ghk). - i
objective
8xamples : %
;
* Calecofuor white : Binds o e

chitin (Fungal cell walD. Specen
e peridine oranoe : Binds to DNA. Roy diagram of Sluorescent microscope

Microbiology = v1.0 « Marrow 8.0 = 2024



Microscopes 3

® Afuramine O
®* Rhodamine &

Fluoresceine isothiocyanate j Bt arvlibadicn C)
* Lissamine rhodamine

Binds mycolic acid G\’\gcobac’cerial cell wal)

eLeCTRON MICROSCOPE
Introduced b5 rnoll and Rusko.

Components :
* &eam of electrons used (Woavelength : 0.00S N,
* Only dead organisms visualised.
* Condensed lens |

* Objective lens mMagnetic lens -
¢ Perec’cor lens glectron microscope
Tgpes 2
Scanning electron microscope Transmission electron microscope
_ Vapourised gold/palladium— Secondary ‘
Stain Urany ace’cg\/ Osmium tetroxide
electrons releosed
_ _ Variotion in energy of transmitted
mechanism Secondar3 electrons creote image
electrons creote image
, _ Study internal structures of
uses s’ruog of ’copogmphﬂ of microorgonisms
organisms
Fluorescent \/‘\ew‘\r\S
et 2 a sere | Electron source
¥
Condenser lenses—| e E _:§’———Condenser fenses
. J Condenser aperture
microscope P
Scanning coil Samp
Objective lens — — S e Objective lens
bl J\C :> Objective aperture
eac e ; Bt : Selected area aperture
SR C:,:_: ‘;; ]———-Intermediate lenses
< Ts———— Projective lens
Fluorescent screen
\mage seen
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4 - General Microbiology and General Bacteriology

BACTERIAL STAINS

Reoson for staining bocterio
° pocterio are colourless.
* Too small to be visualized. visualizodion.

* To provide contrast Lor better

Types of stains :
* Simple stains :
- Single dye is used for staining —» every structure is stained uni¥orm|5.
- &xamples
& me’chﬂlene blue : Structures appear blue.
b. Basic fuchsin : Structures appear pink.
DifSerential stains.
r\lego@dve stoing.

. \mpregnoecion stains.
° Spec\od staing.

Differential Stains 00:01:40

l. GRAM STAIN
* m/c used stain in bacteriology Gram negative ———{
* Introduced by : Hans Christian Gram.  Gram positive i
Steps :
I Primary stain : Crystal violet/methy)
violet/gentian violet.
a. mordant : lodine.

® Fixes pr'\mourg stain to the structures.

arom s’ta‘m‘\ng

2, Decolouriser : Alcohol/acetone/alcohol-acetone mixture.
* Decolourises certain bacteria which toke up primary stain.

4. Counterstain : Newtral red/carbol fuchsin/<ofranine (M/e used).
* Counterstains bacteria thot had undergone decolourisation.

eflects Note : Smear prepared is fixed
: | Sromn F,@S-Weg e by heating (il all bacterioD.
| Primary stain Purple
mMordant Purple
Decobur'\ser Purple Colouriess
Counterstain Purple Pink B

Microbiology « v1.0 « Marrow 8.0 - 2024



Bacterial Stains - 5

Principle s Active space -----
L. &ram positive chopIa,Sm is more acidic —» Better binding to primary bosic
stains —» Slower decolourisodion.
3. Grom positive cell wall is thicker — Better retaining of primary stain —s
Slower decolourisadion.
2. gqram neso@c'\ve cell wall : Lipid composition is more —» more pore formadtion
while adding acetone/alcohol —» Rapid decolourisation.

8><cep’cior\.s :

- mycoplasma. | small in size
C/hlamﬂdia
, ) Small in size § obligate intracellular organism
~ Rickettsia

Mycobacteria | Lipid rich cell wall (Reagents connot penetrote) s

| Spirochetes Too stender

Note : Cytoplasm is stained (Not the cell walD.
A. RCID FAST STAINS

2N s%am'mg :
* Introduced by : Poul ehrlich (Fother of chemo’chempg).
* modified by : Ziehl and Neelson.
* used to demonstrote m5coban’cer'\um.

Steps
l. Primourg stain : Carbol fuchsin (Basic fuchsin dissolved in phenoD.
* Heat for 3-S minutes : Helps carbol fuchsin 4o
enter ’chmugh cell wall to stain cﬂtoplasrn.
a. Decolouriser : 0% H SO,
* Retain primary stain : Acid fast.
* Do not retain primary stain : Non acid fast.
3. Counterstain : Methylene blue/malachite green/
picric acid.
* To demonstrate non acid fast structure.

'nci& Last bacilii
®5wbaderxm tuberculosic)

Microbiology « v1.0 « Marrow 8.0 « 2024



General Microbiology and General Bacteriology

ghfects
Acid fast Non acid fast
Primory stain Pink Pink
Decolouriser Pink Colourless
Counterstain | Pink | Blue/qreen/yellow (Based on counterstain)

3. h‘mgoun stain :
* AKA cold stain/Gabbet stain.

* modificotion of Ziehl Neelson stain: No heating post primary skain.

- 1 concentration of phenol in carbol fuchsin

- 1 time of exposure fo carbol fuchsin

Acid fast V/s par’cial\ﬂ ocid fast:

Counter omission of hea’c'mg.

Acid fast

Partiolly acid fast

Retain pr'\marg stain with lower

Feotures Acid fast with 0% H <0
ae concentration of 1 S0,
S% H SO ¢
a4
o mﬂcobac’cer'\um \epme
* mMycobacterium tuberculosis complex : | * Oocyst of cystoisospora, cyclospora. §
- mﬂcobac’ceriwn tuberculosis Crﬂp’cospor‘\dium (Protozoans caus'\ng
- mMuycobocterium bovis diarrhoea in HIV positiv A
x ole 5 \ \ \ | P mve P‘\'S)
- mBCObac’cer'\um ofriconum 0.5-1% H S0, :
- mﬂcobac’cerium caproe * Nocovrdio * Heod of sperm

. A’rgp'\cod mﬂcobac‘reria

* Rhodococcus

. Leq\or\el\a micdodei

0.35%-0.5% Ha304 :
® pocterial spores

Negative staining ot T. pollidurn.

Negative Stain

00:18:15

Outlining the structures against the dark background of India. ink/) nigrosine.

uses
* Demonstrate copsules of orgonism.

°* Demonstrate very slender bocterio : sp'\roche&es.

ngp’rococcus neoformans

e

Yeost budd‘mg from one side
&

Microbiology « v1.0 « Marrow 8.0 - 2024




Bacterial Stains - 7

by

Impregnation Staining 00:19:30

Principle : \mpregna’dng orgonism — Organ'\Sm become thick €r\0u5h to be
visualized bg hgh’c microscope.

I. Silver stain :
use - ] 7
" Oropnim

* |evaditi stain (Tissue)

irochetes
=P * Fontano. stain Fluid)

Helicobacter | Larthin sjcarrﬂ silver stain

pylori (eostric biop35)

wWaorthin s’courrg silver stain
Bartonello ¢5mph node/vascular

lesion biops@
Bartonello
a. Tannic acid :

* <tain ¢ Leifeon and Ryu impregna’don stain.
* use : Demonstrate Sé\agel\a of bacterio.

B : 5 4

3 s L g

: pe 2 .
Flogel\ou)i1 bocterio — 2 '_ ' o

Tannic acid impregna‘cion

Microbiology * v1.0 « Marrow 8.0 + 2024



General Microbiciogy and General Bacteriology

Special Stains 00:22:16

rmetochromadtic gmnudes :
* ARKA volutin granules/Babes ernst granules/polar bodies.
® Act s energy stores.
* metachromasio : Organisms take up colour other than colowr of stain used.
- For eg : Purple red colour when stained with toluidine blue.

Seenin:
e Corgnebac’cerium.
* Yersinio pestis.
* eordetello pertussis.
* Gardnerella vaginalis.
® Certain mﬂcobac’cer'\um species.

Stoins used : Albert’s stain
* pAlbert’s stain : Toluidine blue + maolochite green + iodine.
* Neisser’s stain.

* Ponder’s stain.

Spor es:
Do not take up grom stain O/t thick cell walD) : Appear as empty spaces.

Sidad 3 SEST

Seen in
* pocillus.
¢ Clostridium.

Stoin used ¢

ore dijes used,
* Schaeffer—Fulton stain (Modification of
Ashby stoin).

Lipid/ pclﬂsacoharide gronules :
- e

_Sudan black &

Microbiology « v1.0 « Marrow 8.6 + 2024
)



- 9

BACTERIAL ANATOMY AND TYPING -

Kinadoms of livina oraaniams :
9 LRals

|
i ¥ v v v
monero. Plantoe Fungi Protista Animalia. |
i L. iz o
! ;
 octeria | Bukaryotes
Prolﬁakﬂo’ces
Prokaryotes 00:02:12

PROVMARYOTES VS. EUKRRYOTES

N

I Nuclear membrane,
nucleolus and histone © ®
proke‘ms
a. %’coplasmic membrone-
bound orscmel\es
(mitochondria, golai body, ©) ®
lysosomes, endoplasmic
reticulum.
Single, circular (dsDNA) W
2. m neayr.
C,\f\rimosome contained within nucleoid, b
4, muramic acid in cell wall ® S)
S. Sterols in cell membranes ' ©) ®
10s, 808
(. Ribosomes ,, \\,Q / \
308 508 40s ©0s
7. extrachromosomal DNA Plasmids mitochondria
STRUCTURE OF A BRACTERIAL CelLL
Pili/Fimbriae
\ Cytoplasm (s‘creaminS@)
cell membrane Ribosome (109)
- A . ucleiod
g\
MRSt R \n’cmcg’coplaSmic 3ranule

Plosmids (dsDNA)

Microbiology « v1.0 « Mairow 8.0 « 2024



10 - General Microbiology and General Bacteriology

..... Active space —--—- exceptions :
l. m\ﬁcoplasm&:

- Onlg promrﬂo’ce{ Lacng o cell wall.

Con’cour\ing sterols in cell membrone.

a. Ch\amxddia : On\5 prolﬁourﬂo’ce \acKmS muramic ocid in cell wall.
2, Vibrio : Contains & chromosomes.

Glycocalyx 00:11:30

may be present/obsent.

TYPES

o Slime Iaﬂer :

Loose, il-defined, polysaccharide layer all around the cell wall. |

S'\gr\i‘f‘\cance : BioRim formadion + ﬂn’dphagocﬂ’dc

Adhesion A
Slime \ager

examples : L | Antibiotic activity (mechanical barrier.

° £ aem%\r\o<~,c\

* Streptococcus mutans (m/c cause of dental caries).

» S’caphﬂlococcus ep\dermidis.

b. (‘,apsule :

* ell demoarcoted lager ovround cell wall.

* Composed ot po\gsaccharides.

- exception ¢ &. anthracis —» polﬂpep’dde copsule (Polﬂmer of D—g\u&iﬁie
ocid).

S'\Sni%cance :

° Qnﬂp‘ncxgc;»cxjﬁ ic + ost important virulence factor.

* Protection from phages (Viruses that infect bocterio).

* Antigen : Induces antibody formadion.
&rom stain : Not done (No net change). Copsule demonstration :
Quel\umg/ Neufeld reaction : Negadive staining (ndio. ink/ r\l‘\gros\ne).

Copsule + spec‘?xc anticapsular
P , \ , ‘ Halo around
ontibodies

bocterio

swelling of capsule

Microbiology ¢ v1.0 « Marrow 8.0 * 2024



Bacterial Anatomy And Typing - 1

----- Active space -----
Copsuloted organisms : nmnemonic
Yersinio. pestis Yes
StreptococCus pneumonioe Some
Bocteroides %agilis, Bordodella pertussis.  Bacteria
H. influenzoe. Howve
Hlebsiello. riller Note :
gocilllus anthrocis. And .. Negative staining also used for the
Meningococcus. mean demongstration of spirochetes.
Clostridium perfringens. Capsules 3. 0nly capsuloted ¥un3us * Cryptococcus.
Cell Wall ’ 00:19:24

Function : Provides shape ond r'\g‘\d'rtﬂ.
Composi’don : Pepﬁdog'!.ﬂcan.

murein backbone (Carbohydrote) linked by peptides.
mMoade up of & amino acids :

. N-acetyl muramic acid (NATD

a.N-acety| glucosamine (NAS)

Cross linK'\ng of cell wall : medioted bg
l
v v

Ti ranspephdase T ransglﬂcolase

Structure of o cell wall

GRAM POSITIVE VS. GRAM NEGATIVE
L'\Popolﬂsac(‘,harides

e
s : ] Structural proteins
Techoic acid ‘O/C@O/O\C § § § § / Porins

(Helps in adhesion) ol | Z 2

}Ouecer membrane

Periplasrnic space
€} loyers of murein)

Cell membrane

Grom posi’d\/e Grom negoedve

Microbiology * v1.0 « Marrow 8.0 - 2024



12

General Microbiology and Generai Bacteriology

| Thie 35-80mm % lomm
i !
SO-100 layers, peptide a layers, peptide

[ . Murein \ogers 5 2

Cross l'mlﬁ\ng@ crosslinKing@
Aromodic § sulfur
3. Amino acids (AR 1 All types of AR®
| containing ARG
la %Bpes®=
4. Techoic acids (TR * Lipo TA ©
* Cell wall TA

S. OQuter mermbrone |

b. Por ns

oree—— o — oot oo @ @

jmfv?Y iplasmic spoce |

8, endotoxing (LPS) B | o
Antibiotice ou,«tmq on the cell wall :

»ﬂg‘\‘lb%()‘hc f i B——}m«mms J,, g yaneemﬁgpw_m i ,!
| 2 Emd Jco transpeptidase (Ahﬂ 1 &ind 1o D-alo. D-ala. moeities (cell
penicillin binding protein : PBP). | wall precursor molecules). |
l mMechanism
| ‘ ‘
| it crossling —- Lusis | Dirupts action o trancpeptidase |

Demonstration of cell wall :
. glectron microscope.
a. microdissection.
2. Plasnnolﬂs‘\s : Bocteria placed in hgper‘conic solution — = Waker moves ouk, on\5
cell wall remains.

endotoxin/! Lipopolysacctharides Lrs):

* £mbedded in ou’cer \eoé%\e’c 053 outer membrone of gram r\ega’n\/e bocterio.

f ‘ |
! ,{’ O~ ﬂr\mvﬂ /Somad i fr“;\’\'r
) |

i

j

L . * Outermost lager, polﬂsacchande in nadure.

1 e nost variable par’c
‘_.
j

a. Core oolﬂsaccharnc‘f :

Outer P;i‘ ARAREAR RN {himﬁﬂ

lipid layer * Short chain of -0 carbohydrates (CHO).
e II * unique carbohydrate : KDO (keto-deoxy octanoic ocid)
membrane

“' jﬁ L/\P\\/\ A

B GleN BlcN B!
t ® Innermost \o%er.

COmponen‘(s o0 LPS KW * Feotures actual endotoxic achwcﬂ.

Microbiology « v1.0 « Marrow 8.0 « 2024



mMechaniem of action :

Bacterial Anatomy And Typing - 13

Lysis of !oac’ceria

¥
Release !oil Lipid A
v v
o. Qecognised bﬂ TLR-4 b. Activation ¢. Activation
(Toll-like recep’cor—-4) presen’c ot alternote of tissue
on macrophages § dendritic complement Loctor
ce}\s. po@chwaﬂ.
!
Activodion of NF-1&

(Nuclear transcription factor kappa. &).
|

Cg‘co!ﬁsné releose

| LAl 16, TNF-O

® Fever.

l

Results in:

* Leukopenio, huypotension, intravascular coagulation, T vascular permeability.

* Severe endotoxemio. —= DIC —= endotoxic shock with multiorgon Lailure.

Detection of endotoxin A Note :
l. Robbit pgrogenici’cﬂ. H. inﬁ\uenzaé} . _ .
a. Limulus amoebocyte lysate (LA assay, Neisseria, |~ Wporoigosaccharide®.

endotoxin Vs, exotoxin @

® No LPS.

\, ¥

Nodure

LPS Protein.

Site of release

Present in cell wall of

_ Secreted by either gram positive/) negodive.
gram neqgadive bacterio.

mMechanism of

ﬂc’c‘\velg secreted,
Released on|5 on Igsis.

releose exeception : Botulinum toxin — released on lysis.

. Heat lobile.
effect of heat Heot stoble.
S:xcep’rion ¢ S, oureus enterotoxin.
Hiahly antioenic (Protein).
F\nhgenicvcﬂ Low an’cigenici’rﬂ < 3
Con be used for 55n+hesis of toxoid,
Toxic'\%g Low ’coxici’cg Highlg toxic.
eifects Constant effects. Varioble actions.

Microbiology « v1.0 = Marrow 8.0 - 2024




14 - General Microbiology and General Bacteriology

L-forms :

* cell waoll deficient bocterio.
* Formed spontaneously or d/t cell wall inhibitors (88 + penicillin.

* * demonstrated on streptobocillus monoliformis.
=

* Can be formed by any gram negoec'\\/e/ positive bacterio.

Pleomorphic_

\mpor’cance HE

Flagella

Antibiotic resistance

Persistance of infections.

Note :
Listerio. —» On\5 groam pos'\’dve

bocterio con’couning endotoxin.

00:48:11

Organs of locomotion, help in motility,

mMode up ot %age\\'\n protein : H'\gh\g anﬁgemc — H. antigens.

Parts :

Filoment

Flagelium (Propelier)

asal body (Rototed by proton pump)

Distribution :
monotrichous Lophotrichous Amphitrichous Peritrichous
VeV NN
o _— enterobactericioe
brio Campujlobacter
Helicobocter ) Clostridium
P aeruginoso. Spirillum 4
S Bacillus

Note :

D WIDAL test : Detection of ‘H and ‘© antibodies.
) Al pothogenic cocci are atrichous.
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