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i & (polarized light) : %Al e §s B4 %

= 4p £ (phase contrast) : — $K32 % & b

He &+ A (differential interference contrast, DIC) : Ehcrimiz 2 5 X
# % (fluorescence) : — A% k% J 77 & F ¥ % 4-GFP &




B PP Sk IR BRI
FHEEP - LRFERT Y LB i a R
FaRE R 2 RS > ¥R 45 khF &

ERU X

#rERE
HL s x

ALFoH¥—LI X

RO

T4=IRLX

=7

\ 7
) | T
BERY L= wkvons—




ST R IR SR AT < G A BN B AR G R i e e G TR AR

TABLE 1.3. Eye versus Instrument Resolution

DISTANCE BETWEEN
RESOLVABLE POINTS

Human eye 0.2 mm
Bright-field microscope 0.2 pm
SEM 2.5 nm
TEM
Theoretical 0.05 nm
Tissue section 1.0 nm
AORTA ARTERY ARTERIOLE
Human 25.000/2,000 4.000/1.000 30/20
Mouse 535/55 150/50 18/4.7

SIZE OF HUMAN BLOOD CELLS

CELL/PLATELET SIZE
ERYTHROCYTES 6.5-8 pm e e )
LEUKOCYTES (WBC) e pd
% of WBC e @ ol
NEUTROPHIL 1245 um §% - o
60-70% '** w D
LYMPHOCYTE 6-18 um |
25% s (
MONOCYTE 12-20 pm {
0, “'
5% - P
EOSINOPHIL 1215 um 4
=4'/o
BASOPHIL 12-15 pm
1%
PLATELETS 2-4 pm
CAPILLARY VENULE VEIN
8/1 20/2 5.000/500
/0.3 14/1 250/50

The typical diameters/wall thicknesses of blood vessel for humans and mice are given in
micrometers. The smallest capillaries have diameters of a very few micrometers and a wall
thickness of about one micrometer (um).
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Labeling of the objective
Objective dass, special designations
are used for this, e.q.

LD for Long Working Distance

Color of writing
Contrast method

Standard IR
Pol/DIC N
Ph 0123 I

Color coding of
magnification

1.0/1.25 I

Magnification/
numerical aperture
plus additional details on

2.5
* immersion medium (O"/W/Glyo 45
. adjustable cover glass correction 6.3 o1
(Korr.) L[ —

* contrast method

16/20/25/32 I
40/50 I
63 I
1000150 ]

Tube length/cover glass
thickness (mm)
ICS optics: ©O

Infinity Color Corrected System

standard cover glass: 0.17
without cover glass: 0
insensitive: -

Immersion fluid

Oil I
Water ]
Glycerin 1
Oil/ Water/Glycerin

Mechanical correction collar fo
* cover glass thickness correction
* different immersion

* different temperature

* adjusting an iris diaphragm



Lens:

Most important part of
Microscope

— T Color of writing
| ! Contrast method

Color coding of
magnification
1.0/1.25
255
4/5
6.3

——

= =

16/20/25/32
i 40/50

63
100/150

[
| I——
[=———
[————
10—
|
[E—]
[=——]
1

Immersion fluid

Oi I
Water 1]
Glycerin C—————1
Oil/ Water/ Glycerin [EE—]

Cross section of an objective

1
2
3
7
8

Objective thread
Stop face of the objective
. Spring system for the specimen-protection mechanism
. Lens groups for the correction of image errors
. Correction collar for adapting to deviating cover glass
thicknesses or temperatures
. Front lens system
. Front lens holder

o o
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 Correction efficiency (UV -VIS -IR)
* N. A
« Type ( What’s CS Objectives ?) -
Quality
PL-APO ( Delta, HCS)
PL-Fluotar
N Plan

C Plan

Air, Water, Oil (Imm )
Cover slip thickness

correction ?

L > XDEE

h7—2—FER (1, R3)

Chamber Type ?

C2. WL XDHERN

L > ZXOEE (1)

AL > RORF A
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The Best Lens
Apochromat

Plan-APODCHROMAT -

the precision performers

With the best color correction and highest numerical
apertures, Plan-APOCHROMAT objectives deliver brilliant
images in brightfield, DIC and fluorescence techniques.
Their outstanding point spread function and extreme chro-
matic correction are particularly impressive. High resolution
and excellent image sharpness make even the finest details
and color nuances visible.

C-APOCHROMAT - the top performers
These high-performance objectives are able to compensate
optically for different refractive indices and layer thickness-
&5 of the mounting medium by means of a correction col-
lar. They are perfectly suited to extremely demanding appli-
cations in research of living organisms and immersion
specimens. For brilliant images in all applications and 3D
techniques such as confocal Laser Scanning Microscopy,
ApoTome and 3D Deconvolution.




Plan-APOCHROMAT: protects sensitive samplas
Plan-APOCHROMAT cbjectives demonstrate top-class optical per-
formance. They make it possible to see structures at the bound-
ary of what is visible. Their outstanding performance features
include: excellent correction, extremely high apertures and maxi-
mum resolution, color purity, contrast and flatness of field. All this
combines to produce brilliant, needle-sharp images for observa-
tion, digital documentation and, in particular, fluorescence appli-

The Best Lens:
Apochromat

Resolution table using green light with cations. The i Plan-APOCHROMAT of the 63x objective has been
A = 0.550 pm: developed specifically for Live Cell Imaging — for optimal focus
Magnification / NA Resolution (pm) stability for time-lapse experiments.
10% / 0.30 1.10
A0 / 0.75 0.45
B3x f 1.40 Oil 0.24
100x / 1.30 Oil 0.26
* Field of view: 25 mm Objectives with optimum correction of flatness of :’:“: {",’,",1‘;’,‘;",!;,’,‘,’g,’;’,,’,"";’,‘;',‘;f Franziska
e Flatness: * * * * field and color; suitable for Digital Imaging

¢ Color correction: * * * * *

W Plan-APODCHROMAT: apochromatically correct
The immersion variant of the Plan-APOCHROMAT series —an addi-
tion to the water objectives of the ACHROPLAN dass — has been
specifically designed for electrophysiclogy. W Plan-APOCHROMAT
objectives have apochromatic correction from visible light to the near
infrared (VIS - IR) and are intended for use without a cover glass.
Typical transmission values are greater than 80% from 450 nm to
1,000 nm and greater than 50% at 365 nm. These are alsc ideal pre-
requisites for use in 2-photon microscopy. The front of this slender
objective is made of a special inert plastic that was originally devel-
oped for food technology.

* Field of view: 20 mm Apochromatically corrected immersion objectives for
¢ Flatness: * * * * applications in physiology
* Color correction: * * * * %
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« Measurements & artifacts: Message

 Refractive index mismatch drastically reduces
resolution and leads to significant loss of intensity
In fluorescence

 15um cover slip deviation approximately kills
half of the resolution and intensity

Refracted Reflection at the Critical Angle |
Light
Waves —/
\ . 4 Air
|~ n(1)

Aqueous
Medium

n(2) > n{1)

Reflected
Light Waves

Figure 4
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Micro objective

Immersion

Cover slip

Sample

The last 3 optical elements are usually added by the user !
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— Objective Apertures and Phase Contrast Optics

on
ELwDp 0 3/0 .
A .

4x(PhL) 10x(PM) 20x (Ph1)  40x (Ph2)

Phase Contrast Microscope Configuration

------ |ma e
Plage
= Diffracted
Direct .
(Surround) =——
Light

ot
Ob]ectlve{
. 2

Specimen— V

Condenser

: .
-

Restricts angles of illumination so
diffracted and undiffracted light can be
selectively modulated at phase plate

lamp
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Phase Plate and Light Annulus Alignment
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DIC: an alternative technique for enhancing contrast

M5 B ER

Differential Interference
Contrast Microscopy

Analyzer

Phase DIC (Differential

Interference Contrast)

Wollaston
Prism

Condenser

Wollaston ——
Prism

Polarizer —= o —

(d)
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Live-Cell Imaging with Fluorescent Proteins and DIC
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(Fluorescence microscope)

A fluorescence microscope is an optical microscope that uses fluorescence instead
of, or in addition to, scattering, reflection, and attenuation or absorption, to study

the properties of organic or inorganic substances.

Spectrum of “White” Light

| -+— Visible Wavelengths ->|

Ultraviolet Infrared
uv IR
(Invisible) | (Invisible)
300nm 400nm 500nm 600nm 700nm 800nm

Figure 2

Principle of Excitation and Emission

3 Ultravlolet ﬂUV)

\

Fluorescent

Specimen Figure 3


https://en.wikipedia.org/wiki/Optical_microscope
https://en.wikipedia.org/wiki/Fluorescence
https://en.wikipedia.org/wiki/Scattering
https://en.wikipedia.org/wiki/Reflection_(physics)
https://en.wikipedia.org/wiki/Attenuation
https://en.wikipedia.org/wiki/Absorption_(electromagnetic_radiation)
https://en.wikipedia.org/wiki/Inorganic

Fluorescence microscope

detector
ocular o .
emission filter
| |
—_— =
=
| light source

excitation filter

specimen

Schematic of a fluorescence microscope.

An upright fluorescence
microscope (Olympus BX61)
with the fluorescence filter
cube turret above the objective
lenses, coupled with a digital
camera.



Figure 1 - Epi-Fluorescence Microscope
g £ i /2 Figure 2 - Fluorescence Filters

Digital Fluorescence Emission
Camera
Systems _
I Barrier
. Epi-Fluorescence (Emission) Threaded

Filt
_ Lamphouse St Re‘tg:?&ng
Observation

Tubes

Dichromatic
(Beamsplitter)
irror

= Incoming
Light Waves

—

O'Ptlcal Block/ o

Eyepiece ilter Cube) Excitation Filter

Filter =0
Turret .

UV Shield

I nen Figure 3 - Fluorophore Absorption and Emission Profiles
Objective — = Microscope

. : Contro 10 DEEEE T

Stage T — : e Circuit Alexa Fluor 555 %
. : Board 80 L £
Condenser= N S
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_ Field E 60 -
Diaphragm S ~§
Base — §4o E
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. Collector Ha ogen 2 20 ]
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400 450 500 550 600 650 700 750
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Light sources

Fluorescence microscopy requires intense, near-monochromatic, illumination which
some widespread light sources, like halogen lamps cannot provide.[*l Four main types
of light source are used, including xenon arc lamps or mercury-vapor lamps with

an excitation filter, lasers, supercontinuum sources, and high-power LEDs.

Figure 3 - Nikon HMX-4 Mercury/Xenon Lamphouse

Arc Lamp Housing Release Knob A, Lamp
! Translation
Adjustment

: , Wy :

L -
Upper
Mirror
Mercury Arc Lamp ASjEssltt:rsgnt
no

Collector
Lens ‘ ‘ Mirror
Housing ‘ Focus
(=== . Knob

Figure 1 - Arc Discharge Lamp Focus and Alignment Sequence

(@) (b) (c) (d)

Lower
Mirror
Position
Adjustment
Knob

Collector
Focus
Knob

Arc Lamp
Translation
Adjustment



https://en.wikipedia.org/wiki/Halogen_lamp
https://en.wikipedia.org/wiki/Fluorescence_microscope#cite_note-4
https://en.wikipedia.org/wiki/Xenon_arc_lamp
https://en.wikipedia.org/wiki/Mercury-vapor_lamp
https://en.wikipedia.org/wiki/Excitation_filter
https://en.wikipedia.org/wiki/Laser
https://en.wikipedia.org/wiki/Supercontinuum
https://en.wikipedia.org/wiki/LED

Sample preparation

1. Many fluorescent stains have been designed for a range of biological molecules. Some of
these are small molecules which are intrinsically fluorescent and bind a biological molecule
of interest. Major examples of these are nucleic acid stains such

as DAPI and Hoechst (excited by UV wavelength light).

2. Immunofluorescence is a technique which uses the highly specific binding of

an antibody to its antigen in order to label specific proteins or other molecules within the
cell. A sample is treated with a primary antibody specific for the molecule of interest. A
fluorophore can be directly conjugated to the primary antibody. Alternatively a secondary
antibody, conjugated to a fluorophore, which binds specifically to the first antibody can be
used.

Indirect Imnmunohistochemistry

Colored ¢ ¢ Immunofluorescence
Product ®e \ HRPO
_— °® . Signal —
== Labeled Secondary o Fluorescent Tag
/ Antibody //

: — Labeled Primary Antibod
Primary Antlbody — Light ry y
Proteins / \ Proteins

Cell/Tissue Cell/Tissue

Diagram 1: lllustration of Indirect Immunohistochemistry and Immunofluorescence methods.


https://en.wikipedia.org/wiki/Nucleic_acid
https://en.wikipedia.org/wiki/DAPI
https://en.wikipedia.org/wiki/Hoechst_stain
https://en.wikipedia.org/wiki/Antibody
https://en.wikipedia.org/wiki/Antigen
https://en.wikipedia.org/wiki/Secondary_antibody

Green Fluorescent Protein (GFP)

IS a protein composed of 238 amino acid residues
(26.9 kDa) that exhibits bright

green fluorescence when exposed to light in the
blue to ultraviolet range. Similar proteins that also
fluoresce green are found in many marine
organisms, but the label GFP traditionally refers
to this particular protein, which was first isolated
from the jellyfish Aequorea victoria and is
sometimes called—when such precision is
required—avGFP.

Scientists Roger Y. Tsien, Osamu Shimomura,
and Martin Chalfie were awarded the 2008 Nobel
Prize in Chemistry on 10 October 2008 for their
discovery and development of the green
fluorescent protein.



https://en.wikipedia.org/wiki/Protein
https://en.wikipedia.org/wiki/Amino_acid
https://en.wikipedia.org/wiki/Atomic_mass_unit
https://en.wikipedia.org/wiki/Fluorescence
https://en.wikipedia.org/wiki/Ultraviolet
https://en.wikipedia.org/wiki/Jellyfish
https://en.wikipedia.org/wiki/Aequorea_victoria
https://en.wikipedia.org/wiki/Roger_Y._Tsien
https://en.wikipedia.org/wiki/Osamu_Shimomura
https://en.wikipedia.org/wiki/Martin_Chalfie
https://en.wikipedia.org/wiki/Nobel_Prize_in_Chemistry

Figure 4 - Photobleaching Rates in Multiply Stained Specimens

Figure 5 - Arc-Discharge Fluorescence Lamps

100

Dichromatic
Mirror

(o]
o
| |

[=2]
o
|

H
o

d e f
Presented irf F)igure 4 is a typical example(of)photobleaching (fading) obsc(erzfed in a series of
digital images captured at different time points for a multiply-stained culture of Indian
Muntjac deer epidermis fibroblast cells. The nuclei were stained with a bis-benzimidazole
derivative (Hoechst 33258; blue fluorescence), while the mitochondria and actin cytoskeleton i e
were stained with MitoTracker Red CMXRos (red fluorescence) and a phalloidin derivative 450 550 650
conjugated to Alexa Fluor 488 (green fluorescence), respectively. Time points were taken in Wavelength (Nanometers)
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B RHITERE

* P-phenylenediamine
DABCO

* N-propylgallate

* 2-mercaptoethylamine

Faded specimen

Figure 1. Immunofluorescence imaging of a human keratinocyte stained with FITC-labeled
antibodies without (top) and with (bottom) PromoFluor Antifade Reagent at different excitations

intervals (5, 10, 15, 20, 25 seconds). PromoFluor Antifade Reagent



VECTASHIELD® Vibrnce Antifade Mounting Medium
VECTASHIELD® PLUS Antifade Mounting Medium with DAPI
from Vector Laboratories







