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Challenging Applications in Living Cell Microscopy @

Demanding applications in light microscopy of living
cells are

Thick A

high- resolution microscopy of very thick samples

A high- resolution microscopy of structures remote from the cover

Remote from glass

Cover gIaSS A high- resolution microscopy of fast moving structures

_ Usually these applications are linked to fluorescence
Fast Moving microscopical methods!
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Method Approaches in Living Cell Microscopy

Optical
Sectioning
results in
more
Information

CARL ZEISS

Methods applied to achieve perfect images in demanding

fluorescence applications are

A Optical sectioning with confocal pinhole techniques

(e.g. Confocal Laser systems, Spinning Disc systems)

A Optical sectioning with evanescent fields (TIRF, SIRF)

A Mathematical approaches (e.g. 3D/ 2D Deconvolution)

17.05.2017

Optical sectioning with structured illumination (e.g. ApoTome)
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The Perfect Microscopical Image ﬁ

The perfect microscopical image

The has a magnification that matches with a given structure size

Microscope Is of maximum possible detail rendition in X,y and z

Objective iS has the highest possible contrast
Responsible
for the
Formation

of a

Perfect
Image

CARL ZEISS 17.05.2017
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General Aspects:

Objective design
and function
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The Objective Properties ﬁ

The microscope objective properties are influencing

Th e the resolution of the imaged structure (n. A.)
M icroscope the diffraction behavior of the captured sample light (Strehl value)
Obj@Ctive IS amount of residual minimum spherical aberration
the Most the presence/ absence of colour fringes (chromatical aberrations)
Important

p_ the transmission for different light colours (glass transmission range)
Optical

the flatness of field (plan correction)

Component
fOr the minimum possible distance between structure and objective (FWD)
Imagin N s
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Objective correction: Numerical Aperture (n. A.) w

The diffraction pattern contains
information about the diffracting
structure

The intermediate image is formed

through interference of diffracted Coarse structure ———»
and undiffracted light (at least its

1st order maximum)

Capturing of diffracted light by the
objective is necessary for image l
formation and resolution of details

Objectives with a wide opening
angle Anobservefi a wide angl e
space and are able to capture
more of the diffracted light than
objectives with a small opening
angle

Fine structure N

The image formation theory was
founded by Prof. Ernst Abbe in
1872 at CARL ZEISS
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Objective correction: Numerical Aperture (n. A.) ﬁ

Numerical Aperture =
n.A.=nxsina
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Obijective correction: Resolution and ﬁ
Numerical Aperture (n. A.)

The resolution of a microscopical

image depends on the actual %
numerical aperture (n. A.) of the ﬂ( '

given objective/ and the wavelength —_— ¥

of light used E?-" z l‘ Z

The resolution formula of the
microscope was developed in 1872
by Prof. Ernst Abbe at CARL ZEISS

In 1905 Dr. Moritz von Rohr at
CARL ZEISS invented the first Nn. A. max immersol ~ 1,46

objective with an n. A. = 1,68 (n. A. MaxX Monobromnaphtatene ~ 1,68 TOXiC!)
(toxic immersion medium)
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Objective correction: Resolution and

Numerical Aperture (n. A.)

Theoretical maximal

d.=
resolution d 0
° n. A. Objective +n. A. Condenser
Simplified formula for d.= I
resolution d, ° 2 n. A
. S 1.22 x |
Maximal resolution d, in do

reality

n. A. Objective +n. A Condenser

Example:

Green light | =550 nm, n. A. = 1.4 (Oil immersion)
dy=550nm/ (2 x 1.4) = 200 nm = 0.2 ym

CARL ZEISS
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Obijective correction:

The wavelength has a strong
influence on the resolution

Blue light (shorter wavelengths)
provide images with higher
resolution compared to red light
(longer wavelengths) illumination

The wavelength determines
distance between the maxima of
the diffracted light:

Blue light is diffracted to a lesser
extent than red light

CARL ZEISS

Wavelength depending
Image resolution

2
1
Weak Diffraction HH | | 0
1
2

1
Strong Diffraction H | | 0
1
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Objective correction: Numerical Aperture (n. A.) w
Increase by Immersion

The higher n. A. the higher is the
resolving power of the objective

|
A Theoretical max. /a '\
o a
n. A. in air = 1 \ Yo 2

a=90° sina=1, '

\
Nair= 1 /
\

A In practice:

n. A. maxair = 0.95 1 3
opening angle ca. 72° /
. 1 92 2
Improvement of resolution: ~
Increase of working n. A. through U
increase of N Medium (Immersion)

A Immersion oil (3)
noil = 1.518 between n. A. max ar = 0,95
CoverglaSS (2) and ObjeCtive (1) n. A MaxX immersol ~ 1,46

no total refle(.:t|or.1 (n. A. MaX wmonobromnaphtalene ~ 1,68 TOXiC!)
full use of objective aperture
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Objective correction:

If cover glasses vary slightly from
0,17 mm, spherical conditions are
also optimal for those structures
that are close to the cover glass, if
an immersion objective is used

Water embedded specimens work
best with water immersion
objectives (n. A. .« = 1,2)

Oil objectives can reach higher
n. A. values (~ 1,46)

Among many other milestones,
Ernst Abbe optimized the principle
of Ahomogeneous
where the refractive behavior of
front lens, immersion medium and
cover glass is practically identical.

The first oil- immersion objective
was introduced in 1879 by CARL
ZEISS

CARL ZEISS

Spherical Aberration

Immersion works against

I mmer sSsi on

17.05.2017
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Objective correction: Numerical Aperture (n. A.) ﬁ
and Brightness in Fluorescence (n. A)) 4

The larger n. A. the higher is the
fluorescence brightness:

A high n. A. objective illuminates the
sample with a larger cone of
excitation light and can also capture
a larger cone of emission light

The fluorescence brightness  theoretically growths with the (n. A.) 4

Example: N Achroplan 40/ 0,65 Dry compared with EC Plan - NEOFLUAR 40/ 1,30 Oil
The EC Plan- NEOFLUAR with the double n. A. value is 2 4= 16times brighter!
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Objective correction: Resolution and w
Depth of Field

The depth of field is the z- thickness
inside the object field that is imaged
sharp together

The depth of field is increasing with
the decrease of the n. A.

1000 |_(mm)

Depth gigq (HM) =

+ 2
Empiric! 7 X n.A Objective X Magn' Total 2 X n. A. Objective

(n. A.)? ~ 1/ Depth of Field

The sharpness depth of the image on

the sensor side I s cal

Focuso and is reci pr odDepthoffield alphaPlan - APOCHROMAT 100/ 1,46 = 0,23 um
of Fieldo
Depth of field plan- APOCHROMAT 20/0,8 = 1,32 um !

High n. A. objectives have a narrow . Mev
depth of field | = 0,55 pm, MEyepiece = 10x
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Objective correction:

A point shaped structure is imaged
by the microscope objective as a
slightly blurred disc (limited by
diffraction)

The diffraction behavior of an
objective is described by looking at
the intensity distribution inside the
diffraction pattern (Airy disc)

The opening of objective (2)
diffracts light

The image of an object point (1) is
a small disk surrounded by
diffraction rings forming the Airy
Disc (3)

The imaging of a point as a disc
reduces resolution of the

mi croscope by th

CARL ZEISS

factor

Diffraction limited image
formation

Intensity

?
| 3

f

|

2 oy

\|/

1
nl, 220
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Obijective correction:

Airy Discs of 2 points wide apart:
2 object points clearly imaged as 2
separate points

Principal maximum of object 1
(centre of Airy Disc) coincides with
first minimum of object 2:
Minimum distance d, is reached
(limiting resolution)

Superimposing of the intensity
profiles at limiting resolution meets
Rayleigh-criterium:

Intensity of maxima 20% higher
than intensity of minimum between
maxima

CARL ZEISS

Resolution limits due to
diffraction limited image formation

Intensity

»

©@-@

17.05.2017
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Objective correction: Spherical Aberration w

A simple spherical lens has a
different focal length for light rays
passing the outer zones (4-6)
compared to the central rays

85—
(1-3) 54_._
This phenomenon is called 3

ASpherical aberrationﬁ2 or
AOpening errori 0—-—

Spherical aberration introduces a
haze into the image ——

It is prominent with all (dry)
objective magnifications 40:1 and
higher

Spherical aberration can be
compensated by the objective
lens design

CARL ZEISS 17.05.2017 Seite 19



Objective correction: Spherical Aberration and ﬁ
Diffraction Behavior

Spherical aberration is usually Intensity Distribution in Aqueous Media
explained by geometrical optics

Today, it is also described by non-
geometrical parameters using the
wave nature of light analyzing the
diffraction behavior (Airy discs)
and the corellated image
brightness (Strehl value)

Deviations from the theoretically
expected Abest p
caused by spherical aberration

and are therefore a very good
measure for image quality

ttern Optmaled ar e Non-Optimal

a)
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Objective correction: Airy Disc FWHM ﬁ

Best Airy disc shapes have a
narrowiAftl lat half maxif{n)umﬁ
(= FWHM), compared to a non- X
optimal pattern

fmﬂ:l'l: I IPTORRTIRTRRRONE. ... .

12 * fmax +

Dy

Non- Optimal Optimal
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Obijective correction:  Correction Collar compensates @
Spherical Aberration

Biological objectives of apertures Correction (= Korr, German) collar dry and immersion

>~ 0,4 are calculated for a specific systems often can compensate for (much) larger amounts
cover glass thickness: of spherical aberration, e.g. compared to oil immersion

0 (direct water immersion) or An&orri objectives

0,17 mm (all other )

The correction collar is turned until the contrast/ signal to

background noise ratio is best

Spherical aberration is mainly
introduced by:

In fluorescence applications, beads are often used to
become familiar with the spherical behavior of
high- n. A. Korr objectives

Atoo thick sample

A\ cover glass thickness deviating
from 0,17 mm

AStructure remote from cover glass

The correction collar moves a
compensating lens group inside the
objective

CARL ZEISS 17.05.2017 Seite 22



Obijective correction:

Multi- Immersion objectives can be
used when working with different
immersion media (oil, glycerol,
water)

Today, our multi-immersion
objectives are called
L(ive)C(ell)I(maging)- objectives

Multi - Immersion Korr @
LCI- objectives

Usually they have an exceptionally strong visual contrast and fine
working distances, as well as outstanding transmission values and a
high n. A.

They are also strongly recommended, if the spherical aberration caused
by poor sample conditions (e.g. too thick a cover glass, refractive index
to low) has to be compensated in water embedded cell preparations

We offer a full magnification range of multimmersion objectives
from 16:17 63:1

Multi- Immersion objectives have
been invented in 1979 by
Dr. Rudolf Conradi at CARL ZEISS

As a rule of thumb, if spherical aberration cannot be compensated by
a C- APOCHROMAT and high apertures are requested, go for the
LCI- objective

CARL ZEISS
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Obijective correction: Long working distance W
LD- objectives

Objectives specially designed
for a cover glass thickness
range between 07 ~2 mm have

a large free working distance. _
They are called LD- objectives LD EC Plan- NEOFLUARSs are not recommended for optical

sectioning (ApoTome, SD) or DCV work.

LD- objectives usually have They can be employed to give a superimposed topography image in

(strongly) reduced apertures DIC (Nomarski) or phase contrast
for a given magnification

The LD EC Plan- NEOFLUARSs
are not recommended for high
resolution imaging work

LD- objectives for high
resolution work are our
LD APOCHROMAT- type
objectives

CARL ZEISS 17.05.2017 Seite 24



Objective correction: Apochromasie w

Objectives have colour artefacts
(e.g. colour fringes) in x/y and z
(= Chromatical Aberration)

Optics delivering images free
from traces of colour fringes and
having a focus match for at least
3 spectral lines are called
Aapochromati co

The apochromatic correction
was invented by Prof. Ernst
Abbe in 1886 at CARL ZEISS

The apochromasie is achieved
by a smart combination of
unique glasses with different
colour refractive behavior
(dispersion)

CARL ZEISS

CARL ZEISS APOCHROMATs are fully colour corrected  no
longer for only 31 4 spectral lines, but for a full spectral
range (this corresponds to a correction of up to 14 (!) spectral
|l ines on the Aold scal efl)

e.g. C- APOCHROMAT 40/ 1.2 W Korr UV - VIS- IR is fully
colour corrected from ~ 365 to ~ 900 nm

GHITE VOKF ROAN

ERNST ABBE.
APOCHREOMATE
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Obijective correction: Focus match for the ﬁ
different colours

The focus varies with

different wavelengths
10 %
\ NN
\ —-Apochromat 4064 15W 5 Sach-Nr. 440052
g —(-Apochromat 634 20W F Sach-Nr. 440665
——Plan-Apochromat B3%M 40 31/ Sach-r. 440760
= Achroplan 63X0 95 W f Sach-Nr. 1036-023
5 \ —— Alfa-Plan-Fluar 100%1 45 G/ Sach-Nr. 1084-514
« LY
= 4
H \ \
] =
- /
[ I i
% 2 k\ 7,’_,_.—"" L
('8
N \ \\ ,....--""..--""’-#’
o P \ \\\ e e e ol -
—_ :b'_ —
330 SEhtéaﬁ..da u_za;:ﬁﬁ"?s 530 545 S0 575 590 EOS 640 5 B30 B3 710
L
/ R\
2 =
/ [
F
T ellenldngen in ni
. _ Wellenange i
Bei Plan-Apochramat B3%/1 40 O
sind die Transmissionswerte im Uy- .
Bereich (ab 365nm) nahezu null Example, curves valid up to ~2005

CARL ZEISS 17.05.2017 Seite 26



Objective correction: Glass Transmission ﬁ
and Matched Coating

Objective types differ also in
their transmission range

350 400 45

anti- reflex coatings must still

work for the full specified EC Plan- NEOFLUAR - - 436 480 546 - 644

transmission range
Plan- APOCHROMAT 365 - 436 480 546 - 644

The anti- reflex coating Plan- APOCHROMAT W - - 436 480 546 - 644

technology was invented by

Prof. Adolf Smakula in 1936 at C- APOCHROMAT 365 405 436 480 546 608 644

CARL ZEISS
C- APOCHROMAT UV-VIS-IR 365 - 436 480 546 - 644 750 850
(ULTRAFLUAR 320 365 405 436 480 546 - 644 750 850 >>)
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Objective correction:

Objectives have to be forced to
provide images that are sharp
over a large field of view

Objectives providing a flattened
Il mage are call e
corrected

APl-ancorrection
by Dr. Hans Boegehold in 1938
at CARL ZEISS

The flatness of field is achieved
by introducing steeply curved
lens surfaces into the rear lens
elements as well as using a
concave meniscus within the
front lens

CARL ZEISS

CARL ZEISS APOCHROMAT types

EC- Plan- NEOFLUAR
W NAFHRQRLAN

F- FLUAR

WLUAR (ndh Yitéhéds d

Flat Field

Flat Field

Flat Field

Flat Field
Flat Field

17.05.2017

FIl atness of -ﬂzml d

>> 25!

> 25!

~ 20

Seite 28



Obijective correction: Free Working Distance ﬁ

All dry and immersion objectives D= 0.17 mm demand a closely
The free working distance (FWD) is attached specimen regardless of FWD number due to spherical
the distance between the objective aberration correction for D= 0.17

front lens metal mounting surface
and the upper side of the cover
glass surface when the objective is
in focus

With immersion objectives D= 0 the FWD exactly tells you how deep
you can penetrate into the sample

Precondition:

Cover glass thickness
D=0.17 mm and
focussed structure is

e et o i ~ MEEEREREEP T T TEEETTTT oA
cover glass underside
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The Objective Colour Code

Today, for ease of use, all
microscope objectives follow
a colour code that allows
immediate recognition of
important objective
parameters

(e.g. magnification, n. A.)

The standard colour code of
objectives was introduced to
microscopy in 1953 by

Dr. Kurt Michel at

CARL ZEISS

CARL ZEISS

Labelimg of the Objective
Objective class, special designations
are used tor this, e.g.

LD for Long Working Distance

Magnification /

Numerical Aperture

plus additional details on

= immersion medium (6l W Glyc)

= adjustable cover glass correction
[Karr)

= contrast method

Tube Length /
Cover Glass Thickness {mm)

ICS ophics: ©0

Infinity Color Corrected System
standard cover glass: 017
without cover glass: 0
inzensitiva: -

Mechanical Correction Collar
= cover glass thickness correction
= different immersion

= different temperature

= adjusting an iris diaphragm

ZEINX
| Plan- NEQFLUA

3x /1,3 DIC | Ht:-rr—[

mm 19-0
];*r

17.05.2017

Color of writing
Contrast method

standard [ NNEREEEEN
Pol / Dic [N
rh012 3

r Color Coding of Magnification

1.o/1.zs

25 [l

45 [
R

10 [
16/20/25/32 [
4050 [

52 [

wofso[ ]

Immersion Fluid
AL A—
Water ]

Glycerin [ ]

oil fwater [ Glycerin [N
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The Sample Properties ﬁ

The sample properties
influence the presence or absence of image blurr (spherical aberration)
impair the contrast (signal- to- backround- noise ratio)

determine whether -due to the sample topography- the objective is able
to produce an image at all or not (free working distance)

can have an impact on additional and artificial amplification of colour
fringes (additional CVD due to dispersion problems)

CARL ZEISS 17.05.2017 Seite 31



Sample Influence:

The cover glass refracts the
sample light irradiating from
one point with angles. The
angles depend on cover glass
thickness

These rays are offered to the
objective

The higher the numerical
aperture of a given objective,
the more sensitive it looks onto
different light angles, the more
visible is this image blurr

All objectives with an n. A.

> ~ 0,35 are already sensitive
here and especially dry
objectives with n. A. values

> 0,6 are most sensitive
against spherical aberration

CARL ZEISS

Spherical aberration ﬁ
Cover Glass Influence

Thin / Thick

100 pcs. \ / P
Cover [ rd -
Glasses / / P i

Thickness no. 1'% |
High-performance
1émmx 18 mm
0,170 £ 0,005 mm

rd
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Sample Influence:

Image quality decreases faster
when choosing too thin cover
glasses

This is true for the normal cover
glass thickness range of unsorted
batches

CARL ZEISS

Spherical aberration ﬁ
Cover Glass too thin

Cover Glass Thickness
versus
Half-Width Intensity Distribution

FWHM (Micrometers)
a 2 2
= =
P/
P
«:\;

120 140 1601180 200 220

Cover Glasy Thickness
(Microrpeters)

D=0.17
mm
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Sample Influence:

Image blurr caused by non-
compensated spherical
aberration is likely to be
confused with other
preparation artifacts, e.g.
improper washing of
specimen

CARL ZEISS

Contrast (Signal - to @
background noise ratio)

The Plan- APOCHROMAT 40/ 0,95 Korr has a strong compensation
power for such optical contrast problems, for lower magnifications
we recommend the LCI- objectives to solve this problem

Made in Gemrany by
ﬁ SCHOTT

1000 Cover Glasses, thickness na. 1%
High-perfarmance, 150 B255 compliant

0,170 £ 0,005 mm  (thickness)
18 mm x 18 mm  (ength x width)

Zeigs 474030-9000-000
BE| 0109030081 157 12345 BOZ
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Sample Influence: Wrong Refractive Index @

A wrong immersion medium with | The use of our proprietary CARL ZEISS immersion media is a

a deviant refractive index and/ or | Prerequisite in live cell imaging
dispersion will introduce

spherical and chromatical
aberration to the image For optimum results:

Oil immersion systems with IMMERSOL ™ 518 F
Examples:
Water immersion objectives with distilled water or IMMERSOL W

AUsing immersion oil with a water (artificial non- evaporating, low-vi scosi ty Awat er i) .
immersion type objective time experiments

A\pplying low- viscosity

immersion media (e.g. anisol) ALWAYS REMOVE OLD RESIDUES OF IMMERSION MEDIUM
instead of immersion oil (e.g. FROM THE FRONT LENS. DO NOT MIX BATCHES
IMMERSOL ™)

AEmploying embedding media
with a refractive behavior
strongly deviant from immersion
oil will add to an inferior signal to
background noise ratio in
fluorescence

CARL ZEISS 17.05.2017 Seite 35



Sample Influence: Heating the Specimen/ ﬁ

Objective
Sometimes, samples have to be
heated. To overcome a
temperature gradient between
immersion objectives and the Heat has a negative impact on the lifetime of complex
connected sample, objectives objectives (delamination of optical cement)!
can also be heated

To stabilize the heat efflux froma  All objective temperatures different from 20°C will slightly
Awar mo sampl e t o Intipaduceispherigababerration. This is critical if structures are
microscope, CARL ZEISS very minute with lots of background signal

invented calorimetrically insulated

objectives, called

A-obj ecti veso for | ive cell 1imaging

and incubation applications

CARL ZEISS 17.05.2017 Seite 36



External Influence: Focus Drift w

S I EXUEITEES vl To overcome focus shift-over-time problems (drift), the
living cells are difficult to carry out :
environment must have a constant temperature for at least

also due to focus drift (x,y, z) _ . :
problems 4- 8 hrs before starting a long- time experiment

A focus drift mainly is the result of
thermal influence on the A stabilized thermal environment can be achieved with our

geometry of objective, nosepiece, | jncubator XL and a constant room temperature (air condition

stand and stage (open windows, | ot he stable as well)
air condition varies temperature,

too short waiting time after
switching on all components)

Additionally, advanced focus re- adjusting devices, e.g.

Definite Focus ™ are recommended sometimes (no z-stacks!)
By creating a thermal equilibrium
the focus will practically be stable

The first long- time imaging
system was introduced to
microscopy by Dr. Kurt Michel in
1952 at CARL ZEISS

ﬁ‘\%
/
—

b ¥

b

RN
i
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How to choose the
correct objective

CARL ZEISS 17.05.2017 Seite 38



The Optimal Objective Choice: Magnification and w
n. A.

The optimal objective choice in microscopy of living
specimens follows a canon of simple questions:

The Optimal

ObJeCtlve What is the specimen size?

C.hOICG = ‘ Objective magnification as such is defined 10x  150x
dictated

by the

Sample

and

Application

CARL ZEISS 17.05.2017 Seite 39



The Optimal Objective Choice: Magnification and w
n. A.

The optimal objective choice in microscopy of living
specimens follows a canon of simple questions:

The Optimal

ObjeCtlve What is the size of minute details inside the specimen?

C.hOI(:e IS ‘ Objective resolution (n. A.) is defined (e.g. 1,46)
dictated

by the
Sample
and
Application

CARL ZEISS 17.05.2017 Seite 40



The Optimal Objective Choice: Magnification and w
n. A.

The optimal objective choice in microscopy of living
specimens follows a canon of simple questions:

The Optimal

ObjeCtlve What is the imaged field of view and required resolution?

hoice |
C s L= ‘ Objective magnification in respect of objective n. A. is defined

dictated (e.g. Plan- APO 20/ 0,8 for MosaiX)
by the

Sample

and

Application

CARL ZEISS 17.05.2017 Seite 41



The Optimal Objective Choice: Magnification and @
n. A.

The optimal objective choice in microscopy of living
specimens follows a canon of simple questions:

The Optlmal What is the specimen size?

ObjeCtlve ‘ Objective magnification as such is defined (e.g. 10x, 100x or 150x)
Choice is

dictated What is the size of minute details inside the specimen?

by the - Objective resolution (n. A.) is defined (e.g. 1,46)

Sample

and What is the imaged field of view and required resolution?
Application - Objective magnification in respect of objective n. A. is defined

(e.g. Plan- APO 20/ 0,8 for MosaiX)

CARL ZEISS 17.05.2017 Seite 42



The Optimal Objective Choice: Brightness and @
Fluorescence

The optimal objective choice in microscopy of living
specimens follows a canon of simple questions:

The Optimal
Objective How bright is the fluorescence signal?

- . ‘ Objectives with a high n. A. are employed for weak signals
ChOICe 'S (e.g. Plan- APO 20/ 0,8, 40/ 1,30; for UV use C- APO or
dictated FLUAR)
by the
Sample
and
Application
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The Optimal Objective Choice: Brightness and @
Fluorescence

The optimal objective choice in microscopy of living
specimens follows a canon of simple questions:

The Optimal
Objective
Choice is ‘ Apochromatic objectives have best colour match
dictated

by the

Sample

and

Application

Is more than 1 fluorescence colour channel used?
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The Optimal Objective Choice: Brightness and @
Fluorescence

The optimal objective choice in microscopy of living
specimens follows a canon of simple questions:

The Optimal
Objective
Choice iS ‘ UseC-APOCHROMAT o0 bgoegonfocal)e s ( i
dictated

by the

Sample

and

Application

Is extremely colour - critical multichannel work done?

CARL ZEISS 17.05.2017 Seite 45



The Optimal Objective Choice: Brightness and @
Fluorescence

The optimal objective choice in microscopy of living
specimens follows a canon of simple questions:

The Optimal
- . How bright is the fluorescence signal?
Obijective 0 ]
Choice is ‘ Objectives with a high n. A. are employed for weak signals
: (e.g. Plan- APO 20/ 0,8, 40/ 1,30; for UV use C- APO or
dictated FLUAR)
by the Is more than 1 fluorescence colour channel used?
Sample ‘ Apochromatic objectives have best colour match
and 5 |
. . Is extremely colour - critical multichannel work done?
Application
UseC-APOCHROMAT o0 boefonfocalle s (
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The Optimal Objective Choice: Water Immersion w

The optimal objective choice in microscopy of living
specimens follows a canon of simple questions:

The Optimal
Objective
Choice iS ‘ Water immersion objectives are recommended
dictated

by the

Sample

and

Application

Is the sample immersed within an aqueous medium?
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The Optimal Objective Choice: Water Immersion w

The optimal objective choice in microscopy of living
specimens follows a canon of simple questions:

The Optimal
Objective
Chj()ice iS ‘ Water immersion with LD- water immersion objectives
dictated

by the

Sample

and

Application

Are those structures very thick?
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The Optimal Objective Choice: Water Immersion w

The optimal objective choice in microscopy of living
specimens follows a canon of simple questions:

The Optimal
Objective
Choice iS ‘ Water immersion objectives for direct front lens immersion
dictated

by the

Sample

and

Application

Are the structures uncovered (no cover glass possible)?
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The Optimal Objective Choice: Water Immersion w

The optimal objective choice in microscopy of living
specimens follows a canon of simple questions:

The Optlmal s the sample immersed within an aqueous medium?
ObjeCtlve ‘ Water immersion objectives are recommended
Choice is

dictated Are those structures very thick?

by the - Water immersion with LD- water immersion objectives
Sample

and Are the structures uncovered (no cover glass possible)?
Application ‘ Water immersion objectives for direct front lens immersion
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The Optimal Objective Choice: Contrasting w
Techniques

The optimal objective choice in microscopy of living
specimens follows a canon of simple questions:

The Optimal

ObjeCtive Is the sample birefringent (e.g. Microtubuli aggregates)?
Choice is ‘ Special strainfree POL- contrast objectives
dictated

by the

Sample

and

Application
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The Optimal Objective Choice: Contrasting w
Techniques

The optimal objective choice in microscopy of living
specimens follows a canon of simple questions:

The Optimal

ObjeCtive Are the structures very thick (> ~ 100 - 200 pm)?

ChOiCG iS ‘ Optical sectioning with DIC (use DIC-objectives, if possible)
dictated

by the
Sample
and
Application
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The Optimal Objective Choice: Contrasting w
Techniques

The optimal objective choice in microscopy of living
specimens follows a canon of simple questions:

The Optimal

ObjeCtive Are the structures extremely thick (> ~ 200 pm)?

Choice is ‘ Contrasting with Oblique Illumination (e.g. Dodt contrast)
dictated

by the
Sample
and
Application
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The Optimal Objective Choice: Contrasting w
Techniques

The optimal objective choice in microscopy of living
specimens follows a canon of simple questions:

The Optimal

ObjeCtive s the specimen very thin (< ~ 10 pm)?
ChOiCG iS ‘ Strong contrast with Phase Contrast
dictated

by the

Sample

and

Application
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The Optimal Objective Choice: Contrasting w
Techniques

The optimal objective choice in microscopy of living
specimens follows a canon of simple questions:

The Optimal

ObjeCtive s the specimen extremely thin (< ~2 i 0,02 pm)?
ChOiCG iS ‘ Best contrast with Ultra Darkfield

dictated

by the

Sample

and

Application

CARL ZEISS 17.05.2017 Seite 55



The Optimal Objective Choice: Contrasting @

The Optimal
Objective
Choice is
dictated

by the
Sample

and
Application

CARL ZEISS

Techniques

The optimal objective choice in microscopy of living
specimens follows a canon of simple questions:

Is the sample birefringent (e.g. Microtubuli aggregates)?
Special strainfree POL- contrast objectives

Are the structures very thick (> ~100 - 200 pum)?

Optical sectioning with DIC (use DIC-objectives, if possible)
Are the structures extremely thick (> ~ 200 um)?
Contrasting with Oblique Illumination (e.g. Dodt contrast)

Is the specimen very thin (< ~ 10 pum)?

Strong contrast with Phase Contrast

Is the specimen extremely thin (<~2 T 0,02 um)?

Best contrast with Ultra Darkfield

11111
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Optical Conflicts: Ph-/ LD- Objectives ﬁ
Older Objectives

However, the optimal objective choice can be disturbed by some
optical conflicts caused by the objective and the sample

properties

The Optimal

: : Phase Contrast Objectives Ph

Objective J

ChO'Ce |S - Not recommended for best brightfield, darkfield and DIC images with all
magnifications 40x and higher.

- Also the fluorescence brightness is slightly reduced here
restricted : i

(light absorption of phase ring= ~ 88%)

by
conflicts
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Optical Conflicts: Ph-/ LD- Objectives ﬁ
Older Objectives

However, the optimal objective choice can be disturbed by some
optical conflicts caused by the objective and the sample
properties

The Optimal

- - Older objectives
Objective ‘
- - Commonly, only recent objectives with a known diffraction behavior are
Choice Is - i ’

suited for DCV and ApoTome - work (good objectives are C - APO,
: Plan- APO, EC- objectives of higher classes
restricted J . :

by
conflicts
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Optical Conflicts: Ph-/ LD- Objectives ﬁ
Older Objectives

However, the optimal objective choice can be disturbed by some
optical conflicts caused by the objective and the sample
properties

The Optimal

Objecﬂve LD objectives
ChOice iS - Not suitable for high - resolution tasks, due to lower n. A.
restricted

by
conflicts
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Optical Conflicts: Ph-/ LD- Objectives ﬁ
Older Objectives

However, the optimal objective choice can be disturbed by some
optical conflicts caused by the objective and the sample
properties

The Optimal

Phase Contrast Objectives Ph

: : Not recommended for best brightfield, darkfield and DIC images with all
ObJeCtlve magnifications 40x and higher.
: : Also the fluorescence brightness is slightly reduced here
Choice is : o

(light absorption of phase ring= ~ 88%)

reStrICted Older objectives
Commonly, only recent objectives with a known diffraction behavior are

by suited for DCV and ApoTome - work (good objectives are C - APO,
: Plan- APO, EC- objectives of higher classes
conflicts J . :

LD objectives
Not suitable for high - resolution tasks, due to lower n. A.
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The optimum
microscope choice
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Outfit:

The ApoTome section
thickness depends on the
grid stripe thickness, grid
frequency, objective n. A.
and magnification

The section thickness is
around 1 R. U.

CARL ZEISS

ApoTome @

No LD- and/ or Phase contrast objectives recommended

No older ICS objectives recommended

Use FLUAR only for smaller central fields of view E

100x objectives only if required by structure dimensions; for best UV transmission
use alpha Plan - FLUAR 100/ 1,45 or alpha Plan - APOCHROMAT 100/ 1,46
(e.g. high resolution work on organelle level)

Plan- APOCHROMAT 20/ 0,8 (overview topography, e.g. developmental
biology)

Plan- APOCHROMAT 40/ 1,3 (total cell morphology, Colibri illumination,
e.g. slow moving cells)

Plan- APOCHROMAT 63/ 1,4 (general high resolution work)

For critical colocalization use C - APOCHROMAT 40/ 1,2 W Korr or, if working
distance is critical, LD C- APOCHROMAT 40/ 1,1 W Korr UV -VIS-IR

If working conditions are very special, e.g. water embedded thick samples, you use
the outfit recommded there
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Outfit:

The Yokogawa Spinning Disc
(SD) system works with a
synchronized multiple helical
lens/ pinhole arrangement.
The multiple pinhole diameter
is fix

Yokogawa Spinning Disc

The section thickness is
around 1 R. U. only for
objective magnification 100x!

Due to the number of
pinholes the SD can acquire
up to ~100 images/ sec
(EM- CCD camera)

Low bleaching impact is
beneficial

CARL ZEISS

FLUAR only for UV- applications, central field of view is useable only

Due to the fixed pinhole size and the speed of the rotating disc, a
100x objective is the paramount here due to n. A. and magnification

For best results, the structure should be close to the cover glass and
not be thicker ~ 3017 40 um. Single cell layers are perfect samples

For best confocality use alpha Plan - APOCHROMAT 100/ 1,46
(UV) VIS-IR, also Plan- APOCHROMAT 40/1,30 (UV) VIS-IR and
63/1,4 work well here
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Outfit:

In Confocal Microscopy no
special objective parameters
are required

Objectives suitable for confocal
work must allow to produce
images with minimum spherical
aberration, maximum signal
strength and good contrast

For multichannel applications
the focus match for the used
different colours should be
perfect

Nevertheless, if confocal work
with UV/ blue excitation (e.g.
DAPI- labeled samples) is
done, the objective must allow
a good transmission and
apochromatic focus correction
for the laser line 405 nm . This
is difficult to achieve

CARL ZEISS

Confocal Microscopy

The 40:1 magnifications of C- APOCHROMAT and LD C- APOCHROMAT have
the highest apochromatic correction (= narrowest focus match for a given
correction range), also including 405 nm (405nm laser diode). That is why they
are marked AUVA and not A(UV)#

A U V fulkapochromatic correction (focus match)
A(UV) d=

including the engraved spectral range

suf f i ctiaresmigsiort @ thatengravedyspectidl range

Usually, normal Plan- APOCHROMATSs have a perfect apochromasie from at least
4361 644 nm. For monochromatic imaging, a lot of them work from

4057 950 nm. If monochromatic work at 405 nm is done, a lot more objectives
will deliver a perfect image (in a different focal position though)

]
NI Koy LR
a0
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Outfit:

The Deconvolution
algorithms employ the
exact theoretical diffraction
parameters (PSF= point
spread function) of our
objectives

Deconvolution w

The diffraction behavior
can also be measured with
small fluorescent beads,
resulting in a calibrated
PSF

CARL ZEISS

Only objectives with a known diffraction behavior (PSF) will work here

Additionally for highest accuracy, piezo- focussing devices for a single objective
or a stage piezo focus have to be used

For DCV all objectives must be set to conditions that produce images with
minimum spherical aberration. For DCV work, Korr objectives can minimize the
spherical aberration strongest

In DCV work, objective choice depends mainly on structure size

Deconvolution is mainly used on small object fields (calculation time is field size
depending). Because of that, our Plan- APOCHROMAT
40/ 0,95 Korr, 40/ 1,30 and 63/ 1,4 are standard objectives for this application

For DCV work with water embedded specimens our

LD LCI Plan - APOCHROMAT 20/ 0.8 Korr UV -VIS-IR
and the LD C- APOCHROMAT 40/ 1,1 W Korr UV -VIS-IR
are best
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Outfit:

In TIRF, the illumination light is
totally reflected by the cover
glass. The electromagnetic field
of the reflected light can still
excite a fluorescence within a
very thin layer of ~ 50 - 300 nm
(evanescent field). The
evanescent field tickness
equals the optical section
thickness

To produce total reflection, the
illumination angle has to be
very steep (> 72°).

TIRF ﬁ

Only objectives of maximum
n.A. (> 1,4) provide large
enough TIRF- illumination
angles

CARL ZEISS

As TIRF needs high objective apertures for ease of angle inclination adjustment,
highest n. A. values are essential here. The recommended TIRF aperture is 1,46
for ease of intrument use

For 1- channel work in UV , our alpha Plan - FLUAR 100/ 1,45 is a good value

For best colour match in multicolour TIRF use the alpha Plan - APOCHROMAT
100/ 1,46 (UV) VIS-IR. This is the universal TIRF application objective. As many
TIRF samples are very thin, the phase contrast version of this objective is useful

17.05.2017 Seite 66




Outfit:

Cover glass thickness
deviating from 0,17 mm
(thinner is worse)

Glass thickness still
between
~ 0,10 - ~ 0,25 mm

Embedding medium with
low refractive index
compared to n= 1,518

CARL ZEISS

Samples with strong impact of w
Spherical Aberration

Typical samples are fixed, embedded multi- colour labelled fluorescence specimens

A lot of the anti-bleaching embedding media used here have a poor optical
performance. As long as the cells are close to the cover glass the objective will
deliver good structure rendition and perfect signal to background noise ratio

The work- horse objective is our unique (no- focus shift during adjustment!)
Plan- APOCHROMAT 40/ 0,95 Korr
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Outfit: Samples with extremely strong ﬁ
Impact of Spherical Aberration

Cover glass thickness
300 pum and thicker

These working conditions are related to very thick cover glasses

Petri dish bottoms (~1,2 mm)

etc In conventional widefield microscopy we recommend our
’ LD EC Plan- NEOFLUAR Korr - objectives

Chamber glasses (> ~3 mm) qually thesg sqmplg conditions do not allow any
high- resolution imaging work!

Heating chamber glasses
are of 0,17 mm thickness!
LD- objectives are used here
due to influence of heat
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Ouitfit: Thicker Samples (Water) w
with Cover Glass

When imaging living cells,

results are perfect if the UV/ Ca2+- Imaging: FLUAR 10/ 0,5 (no flat image, strong z- colour shift between
structures are attached to fluorecence channels)

the underside of a 0,17

+/- 0,01 mm cover glass Water embedded specimens: C- APOCHROMAT - type objective

Fixed samples of medium thickness: Plan- APOCHROMAT 40/ 1,30 (UV) VIS-IR

Unfortunately living cells
are often remote from
there, or cell clusters are
looked at, as in
developmental biology
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Outfit:

If water embedded samples
are covered with a
standard cover glass and
specimen is in a thickness
range of ~ 400 um use our
LD C- APO

CARL ZEISS

Extremely Thick Samples (Water) ﬁ
with Cover Glass

We strongly recommend to use our LD C- APOCHROMAT 40/ 1,1 UV-VIS-IR if the
full transmission range and best colour match in z is required

POCHRO!

- 421867-9970
£15 ' ﬂ,ﬂ? ]
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