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0.46
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oil-immersion; (B) high-dry; \
(C) low-power.
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31]7' 4-4 The tunction of
ol used with the oli-
immearsiox objective. Note
that n (the refractive index)
of the glass slide and the

oil are the same. This keeps
the light rays from bending
a8 they psss from the glass
and ol 1 the objective, al-
lowing & large cone of light

iy i 45 Clostridism botulinum, d

’ rod-shaped bacteriun, as seen
& stained preparation and by bright-
field microscopy (x 1,000). {Armed
Forces institute of Pathology
photogragh.)
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Aa”d’VLI

'l.ummswaaugﬁumm u"[.s“fﬂ’am%umuaauagjlummmm

ULTRAVIOLET MICROSCOPE

naaaaamsﬁuaamﬂﬂaLammlﬂﬂmwmmma zs8vagendindasgan et
TERE G aR) ELITOY, RO ETeete, o) mumaemmnm'l,vmmawmummuvlﬂamaw
IERIEE Luaammuwaamﬂa‘[mamummUmmoﬂauaummammumuaomu
(vsgamslalamaiinnagngasein 180-400 wnlufioe fuausofgsauasiutors
17929 400-700 wiluilioa) ingarmsdwmmarusmsnlunmslise-

8 Lammaamwmmwmmﬂmmaaamﬂﬂmam F TN R Le T8z duevasnn

LW&J’UHLIJHE‘TENLY]’WE]x‘lﬂ’]?l'ﬂLLﬁx‘iﬁii&J@’]

48 MI 211



- Objeclive

llsi
3 N 46 5 pemanc rep-

‘resentafion of dark-field mi-
croscopy Only the light
rays (hat sirike an object on
the glass slige are direcled
through the objective. In
practice. oil 15 used be-
tween the condenser and
specimen slide and be-
tween the speciman siide
and the objective.

i
3 4-7 Dark-field and

pright-tield microscopy. The
appearance of a white
blood cell (@osinophil) sur-
rounded by rad blood cells,
as viewed by (A) dark-field
and (B) bright-field micros-
copy. (From Scope, The Up-
john Company.)
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~
31]11 4-8 irraviolet pho-
tomicrographs (x 2,300) ot
the yeast Candida ulilis
showing how uliraviolet-
absorbing substances can
be located in living cells. (A,
8) Calis as they would ap-
pear in plain culture medi-
um at indicated wave-
lengths. (C, D) Cells which
have formed S-
adenosylmathionine and
have laken up uric acid
from an experimental medi-
um. S-adenosylmethioning
absorbs strongly at 2600 A
uric acid at both 2600 and
2900 A. One vacuols con-
tains S-adenocsylmethionine
but not uric acid. (E, F)
Same conditions as C ang
D but 3 h later. Uric acid
has been utilized; S-
adenosylmethionine has not
but has been transmitted 1o
buds. (From G. Svinla, J
Bacteriol, 85:399, 1963.)
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FLUORESCENCE MICROSCOPE
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BFenin fluorescent-antibody technique $358 immunofluorescence
Immunofluorescence
(Fluorescent-antibody Technique)
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msz&mgﬁwné’aagamsﬂﬂt?mum 3U7 4-0 uw@am 314 immunofluorescent technique

Tasasy

e
Eﬂn 4-9 116 direct tiuo-  tachnique is performed on
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rescent antibody staining
technique. When a bacterial
cell and a specific antibody
conjugaied with a fluores-
cent dye are incubated to-
gether, the dye-antibody
conjugate will cover the
surfaca of the cell. The

D

Baclenal cell

a glass slide, the excass fiu-
orescent dye—antibody con-
jugale is washed off, and
the preparation is examined
using ultraviolet light mi-
croscopy. The bacterial cell,
coated with the fluorescent
dye, will glow brillrantly.

¥ 5
% ¥y

Fluorescent dye-antibody

conjugate

Bocterial cell cocted
with flucrescent dya
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PHASE — CONTRAST MICROSCOPY
. a & o o A chdada = '
Phase-contrast microscope m_ls:'l:u'nummsuanmmaﬂmmmﬂuammnu,a:
15 un13fneImsiineneghan i nﬁad@aﬂﬁﬁﬂuuu phase-contrast AN1T
AU M IFBIN IV lapdau I nfinuaz rowawsasMas Tl TUT s nousy
né’aagammﬁuamiwmmm
A A QA ’ °
@’hm:wwmwmmnumﬂ@nmaané’m@ammﬂuuu phase-contrast ¥ WRIN1TD
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é‘hﬂnﬁaagaﬂﬁﬁﬂumﬁdnﬁﬁwmLwi'«mml,ﬁwhaﬁuﬁﬁﬁaanﬁaaqammﬂuuu phase-
contrast
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P
31-'7‘ 4-10 phase-contrast {A) phase-contrast; (B} dark-
mMICroscopy compared with  field; (C) bright-field. (Cour-
bright-field and dark-field tesy of O. W. Richarods. He-
microscopy. The same search Department, Ameri-
specimen of protozoa as can Optical Company.)
seen by each method:
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TRANSMISSION ELECTRON MICROSCOPY
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Light Microccope Transtrwseron election Scanning electron

jupside dovnT microgcope microscope
LLLAJ""'——DQHSOURQ— (Ve Electron gun V) Electran gun
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-~ Condenser ens j
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————Speamen —— Specimen
———Objectve fens —Cbjeclive fens
. '—Sctond condensergns

Third aperture
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oreyepece B 0 ——Prowchon ters 5 —FInalcondenserlens

Final aperture Fimal opertyre
: Finalimage A - =23y ~y—Electron collector
Finglimoge .
) . -+ Signa’ relectronic
Speamen image formation

__Projeckon Jens

ﬂd
3 N 4-11 Diagrammat:

‘companson of imaging sys-
tems in (A) optica! micro-
scope, (B) transmission
slectron microscape, and
{C) scanning electron mi-
croscope. (From L. A. Buila,
Jr., G. 8t. Julian, C. W. Hes-
seftine, and F. L. Baker,
Scanning Elsctron Micros-
copy. in Methods in Micro-
blology, vol. 8, Academic,
New Yark, 1973, (D} A high
resolution eleciron micro-
scope. (Hitachi-Perkin-
Elmer.,
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gﬂﬁ 4-12

Relative size of

microbes, molecules, and
atoms is depicted here, to-
gether with an indication of
the uselul range of different
types of microaccpe. (From
A. J. Rhodes.and C. E. van
Rooyen, Textbook of Vircio-
gy. Wiiams & Wilkins, Bal<
timore, 1968.)

M1 211

Size Object Microscope
Omm |- 100ptm| Protozoa 2‘?
p O
£ Q
o 2 |
=-0)n o ) )
7 . hE} H 3
Blood cells 'E 8
1000 - i Bacteria g
X 3
1% | v E
Viruses + g
10 '
an | 3
‘ Macromolecules 2
4nm - 104 fd |
Moleculed Y
14 ,
Atoms
T
1
v

55



Shadow Casting
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“casting technique. The
speciman is dried on a spe- &
cial grid which is placed in
a vactuum jar and evaporat-
ed. Atoms of a heavy metal,
such as platinum,-are pro
jected trom a Mighly heated
filarment to the specimen on
a fitm on the gnd at an
angle that produces a
“'shadow’ bpehing ine parti-
cles being exarmined. Exam-
nation of the "shadowed”
image pravidas information
as 10 the shape of the spec-
imen particles.
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Freeze Etching
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4
E’J‘" 4-14 gigctron mi-
crograph of a thin section
ol Pseudomonas aerugino-
sa subjected 1o the Gomori
reaction for the localization
of the enzyme atkaline
phosphatase. In this study it
was shown that the enzyme
(dark area notad by arrow)
1$ located between the cyto-
plasmic membrane and the
cell wall. Bar represents 0.1
wm. (Courtesy of K. J.
Cheng. J. M. Ingram, and
J. W. Costerton, and Can J
Microbiol, 16:1313, 1970.)
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1]‘4
3 N 4-15 giecion mi-

crographs of tobacco rattle
virus as seen in three dilfer-
ent preparations {A. B. and
C). This virus characteristi-
cally appears as two
different-sized parlicles’ the
larger particle measures
184 x 25 nm and the small-
er particle measures 74 »
25 nm. (A} Shadow-cast
preparaltion using chromi-
um. {B) Negative-stain prep-
aration using potassum
phosphotungstate. (C)
Ultrathin section ol infected

leaf showing intracellular-

virus crystals. stained with
ur 1yl acetate and lead cit-
rae. (Courtesy M. Kenneth
Corbett). (D) Electron mu-
crograph of a thin section
of Sarcina maxima,

x 3,100. (E} Phase-contrast
micrograph of same bacte-
rium {Sarcina maxima) «
1.600 seen in (D) Cells are
regularly asrunged n four
parallelepiped-shaped ag-
gregates or large packeis
which inciude four small
aight-celled packels each.
(D and E Gourtesy E,
Canale-Parola and Bacteriol
Rev, 34:.82 1970.)
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SCANNING ELECTRON MICROSCOPY
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JUN 4-16 Scanning elec- mutant strain. The bars in-
tron micrographs of M. dicate 2 um. (From M. Ya-
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forming mutants. (A} Pareit Matsuhashi, J Bactenol,
strain, (3) packer-forming 123.678, 1975.;
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Pl
AN 4-1

A Comparison of Different Types of Microscopy

APPEARANCE OF
SPECIMEN

USEFUL APPLICATIONS

MAXIMUM
TYPE OF USEFUL
MICROSCOPY MAGNIFICATION
Bright-field 1,000-2,000
Dark-field 1,000-2,000
Ultraviolet 1,000-2,000
Fluorescent 1,000-2,000

Phase-contrast 1,000-2,000

Electron

200,000-400,000

Specimens stained or
unstained; bacteria

generally stained and
appear color of stain

Generally-unstained
appears bright or

“lighted”’ in an other-

wise dark filed

Not viewed directly
photographed

Bright and colored;
color of the fluores-
cent dye

Varying degrees of
‘‘darkness”’

Viewed on fluorescent
screen

For gross morphological
features of bacteria yeasts,
molds, algae, and protozoa

For microorganisms that
exhibit some characteristic
morphological feature in the
living state and in fluid
suspension, €.g., spirochetes

Differentiation of cellular
components on basis of their
greater or lesser ability to
absorb ultraviolet light

Diagnostic techniques where
fluorescent dye fixed to orga-
nism reveals its identity

For examination of cellular
structures in living cells of
the larger microorganisms, e.g.,
yeasts, algae, protozoa, and
some bacteria

Examination of viruses and
the ultrastructure of microbial

" cells
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The Gram Stain
SOLUTIONS IN ORDER REACTION AND APPEARANCE OF BACTERIA
APPLIED Gram-positive Gram-negative
1 Crystal violet (CV) Cells stain violet Cdlls stain violet
2 lodine solution (1) CV-I complex formed within CV-l complex formed withing
cdls cdls reman violet cdls cdls reman violet
3 Alcohol Cell walls dehydrated. Lipid extracted from cdl walls

shrinkage of pores occurs,  porosty increeses, CV-l is
permeability decreases, CV-I removed from cell

complex cannot ‘pass not of

cels; cells remain violet

4 Safranin Cells not affected, remain ~ Célls take up this stain,
violet become red
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Somie Characteristics of Gram-positive and Gram-negative Bacteria

RELATIVE DIFFERENCES

CHARACTERISTIC Gram-positive Gram-negative

Céll-wall composition Low in lipids (1-4%) High in lipids (11.22%)

Susceptibility to penicillin More susceptible Less susceptible

Inhibition by basic dyes, Marked inhibition Lessinhibition

e.g., crystal violet

Nutritional requirements Many  species Relatively simple
relatively complex

Resistance to physical More resistant Less resistant

disruption
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i Spherical bac~
teria arranged in chain for-
mation (streptococci), as
3880 in a negative-stain
preparation. (Courtasy of G,
J. Hageage, i)
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