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The technique of the pure
culture and microscope

here are more animals living in the scum on the teeth in a

man’s mouth than there are men in a whole kingdom.

—~Antony van Leeuwenhoek
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Microbiology is defined not only by the size of its subjects but
the techniques it uses to study them.

& WAEVIFERBEAN IR, TERBT EMBARMAEFEARRIRE.
The development of microbiology as a scientific discipline has
depended on the availability of the microscope and the ability to
isolate and grow pure cultures of microorganismes.
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Simple Stains

(a) Crystal violet stain (c) Gram stain (f) India ink capsule stain of
of Escherichia coli Purple cells are gram positive. Cryptococcus neoformans
Red cells are gram negative.
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Bordetella pertussis Corynebacterium diphtheriae Helicobacter pylori
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Clostridium botulinum  Clostridium tetani  Neisseria gonorrhoeae' 'Treponema pallidum
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WMEMKI 2B (isolating the microbes)
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Fannie Eilshemius (1850-1934) and
Walther Hesse (1846-1911).
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H% (colony)
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Punctiform Circular Filamentous Irregular Rhizoid Spindle

Elevation . S N - A

Flat Raised Convex Pulvinate Limbonate

Entire Undulate Filamentous Curled
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Pick off the top of
a single colony of
organism #1.

q

Streak for isolation
on TSA.
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Pick off the top of
a single colony of
organism #2.

Streak for isolation
on TSA.
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7#% (dilution pour-plate technique)
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3.8 5 HEE 4Pt (spread-plate technique)

1ml 1ml 1ml 1ml 1ml

Original
inoculum

9 ml broth
in each tube

Dilutions 1:10,000 1:100,000

—/

11 mi

o N

)

1:100,000

Plating

Calculation: Number of colonies on plate x reciprocal of dilution of sample = number of bacteria/ml
(For example, if 32 colonies are on a plate of /10,000 dilution, then the count is 32 x 10,000 = 320,000 bacteria/ml in sample.)
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= —— Interpupillary adjustment

Ocular Y /
(eyepiece) 4 g : \
=\ FElectrongun
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| "' ‘ ‘."‘—Specimen
i Al . . . - L
Nosepiece m Final image 5 | holder
can be
Objective lens (4) displayed on
fluorescent
Mocienicatstagy Coarse focus screen or
adjustment knob photographed.
Substage condenser Fine focus Fluorescent

adjustment knob
Stage adjustment knobs

screen
Aperture diaphragm control
Base with light source

Field diaphragm lever

Light intensity control
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Table2.4 | Characteristics of Light and Transmission Electron Microscopes

Feature Light Microscope Transmission Electron Microscope
Highest practical magnification About 1,000-1,500 Over 100,000

Best resolution® 0.2 pm 0.5 nm

Radiation source Visible light Electron beam

Medium of travel Air High vacuum

Type of lens Glass Electromagnet

Source of contrast Differential light absorption Scattering of electrons

Focusing mechanism Adjust lens position mechanically Adjust current to the magnetic lens
Method of changing magnification Switch the objective lens or eyepiece Adjust current to the magnetic lens
Specimen mount Glass slide Metal grid (usually copper)

"The resolution limit of a human eye s abowt 0.2 mm.
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Table 2.2 The Properties of Microscope Objectives
Objective

Property Scanning Low Power High Power Oil Immersion
Magnification 4% 10 40-45< 90-100x<
Numerical aperture 0.10 0.25 0.55-0.65 1.25-1.4
Approximate focal length (f 40 mm 16 mm 4 mm 1.8-2.0 mm
Working distance 17-20 mm 4-8 mm 0.5-0.7 mm 0.1 mm
Approximate resolving power with light 2.3 pm 0.9 pm 0.35 pm 0.18 pm

of 450 nm (blue light)
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(b) Volvox and Spirogyra: dark-field microscopy

(a) T. pallidum: dark-field microscopy
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* HZEEME (The Phase-Contrast Microscope)
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Micronucleus Macronucleus

(c) Pseudomonas: phase-contrast microscopy (d) Desulfotomaculum: phase-contrast microscopy (e) Paramecium: phase-contrast microscopy
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R B (The Fluorescence Microscope)

Exciter filter
(removes long
wavelengths)

Mercury

|4

arc lamp

Short /

wavelengths

MXcrebi:lsgy

-3 _-Long wavelengths

— Barrier filter (blocks
ultraviolet radiation
but allows visible
light through)

/ Dichromatic mirror
reflects short
wavelengths; transmits
longer wavelengths

Long wavelengths
|~ g g

‘ | Fluorochrome-coated
g specimen (absorbs

short-wavelength
radiation and emits
longer-wavelength light)

Figure 2.12 Epifluorescence Microscopy. The principles of
operation of an epifluorescence microscope.
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Figure 2.13 Fluorescent Dyes and Tags. (a) Dyes that cause live cells to fluoresce green and dead ones red; (b) Auramine is used to
stain Mycobacterium species in a modification of the acid-fast technique; (c) Fluorescent antibodies tag specific molecules. In this case, the
antibody binds to a molecule that is unique to Streptococcus pyogenes.
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4RSS (transmission electron
microscope) M HLEE (scanning
electron microscope)

KT RNETFIR, FrPlFEK=0.005nm, L
BRAEER, R, W URZRIEM
V.40 B S5

BT AR & B 4%, JCH R ES B,
Al REF= A2 14 (antifacts) .

HERAFAERAER.

Range of light
microscope

Range of
electron microscope

Scanning —
tunneling
microscope

125 (electron microscope)

100 um

-— Epithelial cells

10um
-— Red blood cells

}Typical bacteria
1um

- Mycoplasmas

100 nm
:|VITUSBS
10 nm

(100 A) }Proteins

1nm }Amino acids

(10 A)

Atoms
0.1 nm }

(14

Lamp

= Condenser lens £ - /J
e Sp eeeeee il
< == Objectivel - 4
(= Imag R
¢ =~ Ocularlens — == 4

Viewing screen
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ZE5H 8 ( transmission electron microscope )
£ i ) 25 P 2

4R (negative stain technique)

R HRIRBELN

7K PIBR B 208

zPhotosynthetic
4 ‘membrane
vesicle

W AEER

ﬁJH“: 20-100nm

gettn: FrAKER AT B SR

Figure 2.17 Light and Electron Microscopy. A comparison of light and electron microscopic resolution. (a) Rhodospirillum rubrum in
phase-contrast light microscope (X600). (b) A thin section of R.rubrum in transmission electron microscope (X 100,000). (c) A transmission
electron micrograph of a negatively stained T4 bacteriophage.
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5iR ( The Freeze-Etching Technique.)

1, 4, ’H
Knife edge ¥/,
‘.r, i

Vesicular
structure

Plasma
membrane

(a)

Fracture faces

(b) (d)

Sublimation ,\/\RW
Figure 2.22 Example of Freeze-Etching. A freeze- mixture
etched preparation of the bacterium Thiobacillus kabobis. © ©
Note the differences in structure between the outer surface,
S; the outer membrane of the cell wall, OM; the cytoplasmic Figure 2.21 The Freeze-Etching Technique. In steps (a) and (b), a frozen eucaryotic cell is fractured with a cold knife. Etching by sub-

membrane, CM; and the cytoplasm, C.Bar = 0.1 pm. limation is depicted in (c). Shadowing with platinum plus carbon and replica formation are shown in (d) and (e). See text for details.

sgy
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(a) S. aureus

(b) Cristispira

Figure 2.24 Scanning Electron Micrographs of Bacteria. (a) Staphylococcus aureus (<32,000). (b) Cristispira, a spirochete from the
crystalline style of the oyster, Ostrea virginica. The axial fibrils or periplasmic flagella are visible around the protoplasmic cylinder (X6,000).
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BotAR#IEREEEME (confocal scanning laser microscope)

Schematic diagram Light CSLM composite CSLM 38-D
Lene of CSLM planes microscopy of all sections reconstruction

Xz plane
——/—\ ..,L
Miror —— M }
Aperture Detector
Scanner

Z cross-section

==
9
=
3]
o
¢
)]
?
O
b
G
N

Objective

------ Plane of focus

Figure 2.26 A Ray Diagram of a Confocal Laser Scanning Microscope. The yellow lines represent laser light used for illumination.

\ =
CSLM: Three different views CSLM 3-D reconstruction of P, a. biofilm
Red lines symbolize the light arising from the plane of focus, and the blue lines stand for light from parts of the specimen above and below
the focal plane. See text for explanation.
FEmm /A WA iofilm)
T ; ; T S (biofilm
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FRIRET B (scanning probe microscope)
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Scanning Feedback for
constant tip-sample
Probe » distance (z~nm)
‘4'
‘¢

| Curr‘ent\A ‘ Light S
Magnetic % g Electric
7P SN o tre L g low oo

Scanning Tunneling Microscopy of
DNA
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(b)

Figure 2.29 The Membrane Protein Aquaporin Visualized by Atomic Force Micrscopy. Aquaporin is a membrane-spanning
protein that allows water to move across the membrane. (a) Each circular structure represents the surface view of a single aquaporin
protein. (b) A single aguaporin molecule observed in more detail and at higher magnification.
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Fe48 HIEE T B & A4k (preparation and staining of sample)
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yubliE ¥ A KB H (chromophore groups) : &4 TLHE 45 H (2, I TR 454
ThEE: FEAPE; SHEAFERFERENI,

wtEgekl: FEIE (methylene blue) , B4 (basic fuchsin) , 455%
(crystal violet) , &4 (safranin) , TMEFLES (malachite green) . 7%
PEGLRLHT IE B 45 A UL OAE S, WIDNA, EEMEZARER, BT 1E4.

Bkl BB (eosin) . MM (acid fuchsin) , FinHiE e
ZI. (rose bengal) . MM ZURLH 7 L IE Y 4567 IE B AR
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SWIRrS

faj s gefs (simple staining): F—Fgeklsglidett. 40 NIES, g
SO, WRYE, FHRG,; R, NHERKEERE.

5 &4 (differential staining): Bl Eguklgvt, FE2RKELE (Gram
staining) RN %E.

hiRYett (acid-fast staining) : FELEEZOBME . KX ES4M
BEARERRWAE. ARBREBLEMNAGEI-504)E, AHRR-2HEER
BE3080-14040 5, BRABMEE LAY Clbiefd) FIEE,
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The Gram-stain

— I
—_— — — — 0l
_..-""' Slide

Spread culture in thin Diry im air Pass slide through flame fo fix  Flood slide with stain;  Place deop of odl on slide;
film over slide rinse and dry examine with 100X objective
O ® @ @ o
0O : ®_0 .. ®_0 e_0 . e_0
O crystal violet @ iodine ® ethnol ® safranin ®

O : ® , : ®
1 3 min 20sec 1-2min
T O M e %% - °%° T 9 - %°
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Simple Stains Differential Stains Special Stains

(a) Crystal violet stain (c) Gram stain (f) India ink capsule stain of
of Escherichia coli Purple cells are gram positive. Cryptococcus neoformans
Red cells are gram negative.
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(b) Methylene blue stain (d) Acid-fast stain (g) Flagellar stain of Proteus vulgaris.
of Corynebacterium Red cells are acid-fast. A basic stain was used to
Blue cells are non-acid-fast. build up the flagella.
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Key Terms

acidic dyes 26

acid-fast staining 26

atomic force microscope 36
basic dyes 26

bright-field microscope 18
capsule staining 26
chemical fixation 26
chromophore groups 26

confocal scanning laser microscope
(CSLM) 34

dark-field microscope 21

differential staining 26
endospore staining 26
eyepieces 18

fixation 25

flagella staining 28
fluorescence microscope 23
fluorescent light 23
fluorochromes 24
focal length 18

focal point 18
freeze-etching 30

differential interference contrast (DIC)

microscope 23

Gram stain 26

heat fixation 25
mordant 26

negative staining 26
numerical aperture 19
objective lenses 18
ocular lenses 18
parfocal 18
phase-contrast microscope 21
refraction 17
refractive index 17
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resolution 18

scanning electron microscope
(SEM) 30

scanning probe microscope 35

scanning tunneling microscope 35

shadowing 29

simple staining 26

substage condenser 18

transmission eleciron microscope
(TEM) 29

working distance 20
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