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NOTES ON DEVICE SAFETY
General Carl Zeiss
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NOTES ON DEVICE SAFETY
Carl Zeiss General ConfoCor 3

1 NOTES ON DEVICE SAFETY

Information on safety issues for the ConfoCor 3 that deviate from those for the LSM 510 and
LSM 510 META replace the latter. Apart from that all other information on the safety for the LSM 510
and LSM 510 META remain unrestricted valid.

1.1 General

The LSM 510 and LSM 510 META laser scanning microscopes as well as the ConfoCor 3, including their
original accessories and compatible accessories from other manufacturers, may only be used for the
purpose of microscopic and spectroscopic techniques.

Laser Scanning Microscopes (LSM) are intended for high resolution imaging of biological or material
samples, whereby in contrast to wide field microscopy the specimen is illuminated raster-fashion with a
focused laser beam and the optical arrangement prevents light from out-of-focus regions of the
specimen contributing to image formation.

The ConfoCor 3 spectroscope is used for fluorescence correlation spectroscopy, whereas the beam is
parked in a sample, which might consist of a solution or a cell, fluorescence fluctuations recorded and
analyzed by the so-called correlation function.

Iy Installation and commissioning of the LSM 510, LSM 510 META and the ConfoCor 3 systems
must be performed by authorized Carl Zeiss service staff. The system should not be used prior
to instruction by a Carl Zeiss representative.

ﬁ The manufacturer will not assume liability for any malfunction or damage caused by anything

other than the intended use of the LSM 510, LSM 510 META or ConfoCor 3 or individual

modules or parts of it, nor by any repair or other service operation performed or attempted by

persons other than duly authorized service staff. Any such action will invalidate any claim under

warranty, including parts not directly affected by such action. This also includes the

modification of the system computer with new cards, etc. by the user. The use of a camera at

the base port of Axiovert 200 M Combi stands is not allowed for reasons of laser safety. Any
manipulation will result in the loss of warranty of laser safety.

Please read also the notes on device safety and manuals of the LSM 510, the LSM 510 META, the
microscope, the HBO, the HAL and additional optional devices, if ordered, as the UV Laser, the piezo
focusing device, the heating inserts and the Ti:Sa Laser.

= As the system is largely operated via menus on a computer, you should be familiar with the
principles of the operating system and its WINDOWS, WINDOWS 2000 or Windows XP graphical
user interface. The respective manuals are supplied together with the programs.

éé The LSM 510, LSM 510 META and ConfoCor 3 are devices that belong to laser hazard class 3B.
The systems are equipped with safety interlocks that comply with laser hazard class 3B and 4. If
equipped with a Ti:Sa Laser (see list in section 1.6), the LSM 510, LSM 510 META and
ConfoCor 3 are devices that belong to laser hazard class 4. WHO recommendations concerning
health and industrial protection when handling laser devices must be observed. The operator of
the unit must also observe all and any relevant statutory accident prevention regulations. The

user is referred to the safety data sheet provided together with the manual.
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NOTES ON DEVICE SAFETY
ConfoCor 3 Warning and Information Labels Carl Zeiss

1.2 Warning and Information Labels

The warning and information labels attached on the LSM 510, LSM 510 META and ConfoCor 3
must be observed. Check whether all of the labels shown below are provided on your
instrument, and contact Carl Zeiss Germany or one of the service agencies if you should
discover that any of the labels should be missing. You will receive a free replacement.

>

Description of labels

VAN
A\
A\

Caution: Faults and hazards that might arise during operation which might cause damage to
the unit or injury to the user.

Attention: Laser irradiation hazards possible when operating the system.

Attention: High voltage.

Pull the mains plug before opening the device housing.

Caution: Hot surface.

Caution: UV radiation.

Caution: Fingers can be caught.

The arrow points to the opening where laser light comes out during operation of the system.

Iy Other labels on the system include one of the above depicted symbols and a detailed
description of the handling instructions. See also the following drawings of the system parts.

03/06 B 45-0015 e 1-3



Carl Zeiss

NOTES ON DEVICE SAFETY
Warning and Information Labels

ConfoCor 3

SICHTBARE UND UNSICHTBARE LASERSTRAHLUNG
BESTRAHLUNG VON AUGE ODER HAUT
DURCH DIREKTE ODER STREUSTRAHLUNG VERMEIDEN
LASERKLASSE 4 NACH DIN EN 60825-1:2003

VISIBLE AND INVISIBLE LASER RADIATION
AVOID EYE OR SKIN EXPOSURE TO

DANGER
LASER RADIATION CLASS 4
WHEN PARTS REMOVED AND INTERLOCKS DEFEATED,
AVOID EYE OR SKIN EXPOSURE TO DIRECT
OR SCATTERED RADIATION

DIRECT OR SCATTERED RADIATION
CLASS 4 LASER PRODUCT AS PER DIN EN 60825-1:2003

RAYONNEMENT LASER VISIBLE ET INVISIBLE
EXPOSITION DANEREUSE DE L'OEIL OU DE LA PEAU
AU RAYONNEMENT DIRECT OU DIFFUS
APPAREIL A LASER DE CLASSE 4 CONFORME A DIN EN 60825-1:2003

RADIACION LASER VISIBLE E INVISIBLE
EVITAR EXPOSICION DE 0JOS O PIEL
A LA RADICION DIRECTA O DISPERSA
LASER CLASE 4 SEGUN EN DIN EN 60825-1:2003

Vor

AN

WARNING: LASER RADIATION
Avoid exposure to beam

Achtung!
dem Wechseln der Lampe
Laser ausschalten

Attention!
Switch off laser before
changing the lamp

when cover is removed.

Vor

JAN

Achtung!
dem Wechseln der Lampe
Laser ausschalten

Attention!
Switch off laser before
changing the lamp

Warning LED is lighting up
when laser is on

VORSICHT - SICHTBARE UND UNSICHTBARE LASERSTRAHLUNG
WENN ABDECKUNG GEOFFNET NICHT DEM STRAHL AUSSETZEN
DANGER - VISIBLE AND INVISIBLE LASER RADIATION
WHEN OPEN AVOID DIRECT EXPOSURE TO BEAM
CAUTION - VISIBLE AND INVISIBLE LASER RADIATION
WHEN OPEN AVOID EXPOSURE TO BEAM
ATTENTION - RAYONNEMENT LASER VISIBLE ET INVISIBLE
EN CAS D'OUVERTURE EXPOSITION AU FAISCEAU DANGEREUSE
PRECAUCION - RADIACION LASER VISIBLE E INVISIBLE
CUANDO SE ABRE NO EXPONERSE AL HAZ

LASER APERTURE
OVERTURE LASER
ABERTURE DE LASER
AUSTRITTSOFFNUNG FUR LASERSTRAHLUNG

Fig. 1-1 Warning and information labels on the Axiovert 200 M microscope with the

scanning module and the ConfoCor 3 detection module

LSM 510 META
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ConfoCor 3

NOTES ON DEVICE SAFETY
Warning and Information Labels

Carl Zeiss

CarlZeiss

Carl Zeiss Jena GmbH
07740 Jena, GERMANY
Ser. Nr. XXXXXXXXX

Eischub ext. Laser 1301-436
1N/ 240/120V AC
50..60 Hz 300 VA

3

CarlZeiss

Carl Zeiss Jena GmbH
07740 Jena, GERMANY
Ser. Nr. XXOOOXXXX
CAM-Einschub 1304753
1N/ 2401120V AC
50..60 Hz 2ATIA

IF2)
c € (F1

Vor Offnen Netzstecker ziehen

Caution, disconnect
power supply
before opening

Débrancher la fiche
d'alimentation secteur
avant d'ouvrir

VISIBLE AND INVISIBLE LASER RADIATION
AVOID DIRECT EXPOSURE TO BEAM

Laser (400-700nm) 0.5W max. output

CLASS 111B LASER PRODUCT

Fig. 1-2

SICHTBARE UND UNSICHTBARE LASERSTRAHLUNG
NICHT DEM STRAHL AUSSETZEN LASER KLASSE 38 NACH DIN EN 60825-1:2003

VISIBLE AND INVISIBLE LASER RADIATION
AVOID EXPOSURE TO BEAM
CLASS 3B LASER PRODUCT AS PER DIN EN 60825-1:2003

RAYONNEMENT LASER VISIBLE ET INVISIBL]
EXPOSITION AU FAISCEAU DANGEREUSE APPAREIL A
LASER DE CLASSE 38 CONFORME A DIN EN 60825-1:2003

RADIACION LASER VISIBLE E INVISIBLE
NO EXPONERSE AL HAZ LASER CLASE 38 SEGUN EN DIN EN 60825-1:2003

LASER (400-700)nm 0.5W max. output

Warning and information labels on the system electronic rack

VAN

Achtung!
Hauptschalter erst ausschalten, wenn
Lasermodulktihlung abgeschaltet.

Attention!
Don't turn off main power
until laser cooling has finished.

N
\\

Carl Zeiss Jena GmbH
07740 Jena, GERMANY
Leistungsschild Rack
L J
Carl Zeiss Jena GmbH
07740 Jena, GERMANY
Ser. Nr. 242000 Baujahr 20xx
ECU-LSM510/LIVE 000000-1298-270
2/N/Ground 240/120V AC
50...60 Hz max. 5000VA
. J
Ser. Nr.2420xx00x c €
ECU-LSM510/LIVE 000000-1298-270
N
Carl Zeiss Jena GmbH
07740 Jena, GERMANY
Ser. Nr. 23200000 Baujahr 20xx
ECU-LSM510/LIVE 000000-1291-810
3/N/PE 400/230V AC
50...60 Hz max. 5000VA
. J
Ser. Nr.2420x000x c €
ECU-LSM510/LIVE 000000-1291-810
L

03/06
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NOTES ON DEVICE SAFETY
Carl Zeiss Warning and Information Labels

ConfoCor 3

VORSICHT - LASERSTRAHLUNG KLASSE 3B
WENN ABDECKUNG GEOFFNET NICHT DEM STRAHL AUSSETZEN

DANGER - LASER RADIATION CLASS 3B
WHEN OPEN AVOID DIRECT EXPOSURE TO BEAM

CAUTION - LASER RADIATION CLASS 3B
WHEN OPEN AVOID EXPOSURE TO BEAM
ATTENTION - RAYONNEMENT LASER CLASSE 3B
EN CAS D'OUVERTURE EXPOSITION AU FAISCEAU DANGEREUSE

PRECAUCION - RADIACION LASER CLASE 38
CUANDO SE ABRE NO EXPONERSE AL HAZ

\ CarlZeiss

Carl Zeiss Jena GmbH
07740 Jena, GERMANY
Ser. Nr. XXXXXXKXXX

Lasermodul V 1300-640
1IN/ 2401120V AC
50...60 Hz 200 VA
c € Laser module V (405 nm)
LASERSTRAHLUNG
NICHT DEM STRAHL AUSSETZEN LASER KLASSE 3B NACH DIN EN 60825-1:2003
LASER RADIATION
AVOID EXPOSURE TO BEAM
(CLASS 3B LASER PRODUCT AS PER DIN EN 60825-1:2003
LASERSTRAHLUNG

EXPOSITION AU FAISCEAU DANGEREUSE APPAREIL A
LASER DE CLASSE 38 CONFORME A DIN EN 60825-1:2003

RADIACION LASER
NO EXPONERSE AL HAZ LASER CLASE 3B SEGUN DIN EN 60825-1:2003

458 /477/488/514nm. 50 mW cw
4584771488 /514 nm. 100 MW cw
543 nm. TmW aw
594nm.  2mW cw
633nm.  5mW w
561nm. 15mW ow

LASER RADIATION
AVOID DIRECT EXPOSURE TO BEAM

458 /477/488/514nm. 50 mW cw
458 /47714881514 nm. 100mW cw Laser mOdU|e RGB

543nm. 1mW (458, 477, 488, 514,

594nm. 2mW o 543/561, 594, 633 nm)
633nm.  5mW ow
561nm. 15mW cw

CLASS lllb LASER PRODUCT

Fig. 1-3 Warning and information labels on laser components

LASERSTRAHLUNG
NICHT DEM STRAHL AUSSETZEN LASER KLASSE 3B NACH DIN EN 60825-1:2003
LASER RADIATION
AVOID EXPOSURE TO BEAM
CLASS 3B LASER PRODUCT AS PER DIN EN 60825-1:2003

RAYONNEMENT LASER

EXPOSITION AU FAISCEAU DANGEREUSE APPAREIL A
LASER DE CLASSE 38 CONFORME A DIN EN 60825-1:2003

RADIACION LASER
NO EXPONERSE AL HAZ LASER CLASE 3B SEGUN DIN EN 60825-1:2003
405 nm. 25mW cw
405 nm 50mW  cw
440 nm. 40mW  cw

LASER RADIATION
AVOID DIRECT EXPOSURE TO BEAM

405 nm, 25mW aw
405 nm. 50 MW cw
440 nm. 40mW  cw

CLASS lllb LASER PRODUCT

VORSICHT - LASERSTRAHLUNG KLASSE 3B
WENN ABDECKUNG GEOFFNET NICHT DEM STRAHL AUSSETZEN

DANGER - LASER RADIATION CLASS 3B
WHEN OPEN AVOID DIRECT EXPOSURE TO BEAM

CAUTION - LASER RADIATION CLASS 3B
WHEN OPEN AVOID EXPOSURE TO BEAM

ATTENTION - RAYONNEMENT LASER CLASSE 38
EN CAS D'OUVERTURE EXPOSITION AU FAISCEAU DANGEREUSE
PRECAUCION - RADIACION LASER CLASE 38
CUANDO SE ABRE NO EXPONERSE AL HAZ

Carl Zeiss

Carl Zeiss Jena GmbH
07740 Jena, GERMANY
Ser. Nr. XXXXXXXXXX

Lasermodul RGB 1294-260
1IN/ 2401120V AC
50..60 Hz 2600 VA

Ce
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NOTES ON DEVICE SAFETY
ConfoCor 3 Warning and Information Labels

Carl Zeiss

VORSICHT-UNSICHTBARE LASERSTRAHLUNG KLASSE 3B

WENN ABDECKUNG GEOFFNET NICHT DEM STRAHL AUSSETZEN

DANGER-INVISIBLE LASER RADIATION CLASS 3B
WHEN OPEN AVOID DIRECT EXPOSURE TO BEAM

CAUTION-INVISIBLE LASER RADIATIONS 3B
WHEN OPEN AVOID EXPOSURE TO BEAM
ATTENTION-RAYONNEMENT LASER INVISIBLE CLASSE 3B
EN CAS D'OUVERTURE EXPOSITION AU FAISCEAU DANGEREUSE DANGEROUS VOLTAGES

) UNDER THIS COVER
PRECAUCION-RADIACION LASER INVISIBLE CLASE 38
CUANDO SE ABRE NO EXPONERSE AL HAZ

VISIBLE ANI

isLE e ioTon ¢ AVOID EXPOSURE ‘

[
FROM THIS APERTURE

Laser Enterprise Il 653 (80 mW, 351 nm, 364 nm)
VISIBLE AND INVISIBLE LASER RADIATION UV Laser modu‘e

AVOID EYE OR SKIN EXPOSURE TO
DIRECT OR SCATTERED RADIATION

ARGON ION LASER
2 WATTS MAX CW

PRACTICAL LIMIT CLASS IV LASER PRODUCT

Fig. 1-4 Warning and information labels on laser components

A A

DANGEROUS VOLTAGES
UNDER THIS COVER

VNN

DANGEROUS VOLTAGES
UNDER THIS COVER

03/06 B 45-0015 e
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NOTES ON DEVICE SAFETY

Carl Zeiss Regulations ConfoCor 3

1.3

Regulations

Extensive knowledge of the hardware/the system is indispensable for safe operation of the LSM 510,
LSM 510 META and the ConfoCor 3.

(I Read these operating instructions and all device publications belonging to the system

=

conscientiously before operating the LSM 510, LSM 510 META or the ConfoCor 3! You can
obtain additional information on the hardware configuration delivered and on optional system
extensions from the manufacturer or via the service hotline.

The LSM 510, LSM 510 META and ConfoCor 3 have been designed, built and tested in conformity
with the following regulations and guidelines:

DIN EN 61010-1 (IEC 601010-1) "Safety requirements for electrical equipment for measurement,
control and laboratory use"

DIN EN 60825-1 (IEC publication 60825-1) "Safety of laser equipment”, taking relevant CSA and UL
specifications into account

DIN EN 61326: "Electrical equipment for control technology and laboratory use — EMC-
requirements”

Low voltage directive: 73/23/EWG
EMC directive: 89/336/EWG

The company works according to a certified Environment Management System according to
ISO 14001.

The Product was developed, tested and produced in accordance with the valid regulations and
guidelines for environmental law of the European Union.

The products and their accessories have been classified as instrument category 9 (laboratory
equipment or comparable standard). The product and its accessories agree with the EU-regulations
2002/95/EG (RoHS) and 2002/96/EG (WEEE), if applicable for the products.

Carl Zeiss has installed a process for taking back and recycling the instruments within the member
states of the European Union, which takes care of the appropriate utilization according to the said
EU guidelines.

For details on the disposal and recycling please refer to your relevant Carl Zeiss sales or service
organization.

The product must not be disposed in the household waste or through the municipal disposal
organizations. In case of resale the seller is obliged to inform the buyer, that the product has to be
disposed according to the said regulations.

1-8
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NOTES ON DEVICE SAFETY
ConfoCor 3 Notes on Setting up the Microscope and ... Carl Zeiss

1.4 Notes on Setting up the Microscope and Spectroscope Systems

Installation and commissioning of the LSM 510, LSM 510 META and the ConfoCor 3 systems
must be performed by authorized Carl Zeiss service staff. The system should not be used prior
to instruction by a Carl Zeiss representative.

The LSM 510, LSM 510 META laser scanning microscope and the ConfoCor 3 spectroscope are delivered
in several crates.

ﬁ The LSM 510, LSM 510 META and ConfoCor 3 must be set up so as to ensure that the
minimum clearance between the wall and the rear of the system is no less than 0.5 m. This
clearance is needed for adjustment and maintenance operations.

Do not set up the unit in the proximity of heat sources such as radiators or direct sunlight. To avoid heat
build-ups, the ventilation slots on the microscope system must not be covered up.

The system must not be set up in areas with potential danger by explosives.

The unit must be connected to a properly installed socket outlet with earthing contact by means of the
mains cables supplied. Continuity of PE connection must not be affected by the use of extension leads.

= Please note the following for the ConfoCor 3:

- The ConfoCor3 requires an Axiovert 200 microscope and is attached to channel 4 of the
LSM 510 (META). Note that only system tables with sufficient anti-vibration functionality
should be used.

- A scanning stage is recommended for automatic positioning for solution measurements.
For cell measurements the scanning mirrors are recommended.

- For FCS measurements with VIS and UV light the C-Apochromat 40 x water objective NA
1.2 is recommended. For measurements with NLO light the C-Apochromat 63 x water
objective NA 1.2 is recommended.

The system contains components with dangerous voltage. The system must not be opened by
anybody else than authorized Carl Zeiss Service staff. Before opening the main plug has to be
disconnected.

>

Before connecting the mains cables, please check whether your mains voltage corresponds to
the voltage specified on the rating plate of the laser module.

For reasons of laser safety, all ports must either be equipped with the corresponding device
(scan head, camera, HBO lamp etc.) or covered with the counterpart of the laser safety kit
provided.

> >

03/06 B 45-0015 e 1-9



Carl Zeiss

NOTES ON DEVICE SAFETY
Notes on Setting up the Microscope and ... ConfoCor 3

A

A

AN\

Maintenance, repair, modification, removal or exchange of components, or other interference
with the equipment beyond the operations described in this manual may only be carried out by
the manufacturer Carl Zeiss or by persons expressly authorized by Carl Zeiss to do so.

This applies especially to the microscope system, the laser scanning module, lasers, the PC
system, the power supply units, cable connections and other system components.

Please note that the LSM 510, LSM 510 META and ConfoCor 3 are high-precision opto-
electronic instruments. Inexpert handling may easily impair their function or even damage
them.

The openings for ventilation must not be covered.

There are hot surfaces on the HBO and HAL lamp.

When sliding the compact Laser module V in and out of the System electronic rack take care
not to catch your fingers.

After installation or conversion of the LSM system, authorized specialized staff must carefully check that it
is in a proper condition and, particularly, that covers protecting against laser radiation are provided.

Tube openings or other unused mounts should always be protected against dust and moisture with the
corresponding device components or with termination covers/blind plugs.

By establishing a corresponding workplace environment, please ensure that the formation of electrostatic
charges of electronic components is avoided.

To avoid vibrations during operation, the LSM 510, LSM 510 META and ConfoCor 3 should only be
operated in conjunction with the system table (vibration damping).

B 45-0015 e 03/06



NOTES ON DEVICE SAFETY

ConfoCor 3 Power Requirements Carl Zeiss

15 Power Requirements

The LSM 510, LSM 510 META and ConfoCor 3 come with a mains power supply cord and

plug, either CEE red (3/N/PE 400/230V/16A), or NEMA L 14-30P (2/N/Ground 120/240V/30A),
and with the matching mains socket outlet.
A ground wire (AWG10 green/yellow) is supplied because it is necessary to ground the system.
The connecting part on both ends of the cable is a cable eye with 8 mm inner diameter.

A suitable grounding point must be installed in the room.

For systems (220 ... 240 V AC) equipped with X-Cite 120 the mains socket outlet must be
equipped with a fuse having minimum tripping characteristic C according to IEC/EN 60898.

Line voltage

Line frequency

220 ... 240 V AC (£10 %)
50...60 Hz

100 ... 125V AC (=10 %)
50...60 Hz

LSM/ConfoCor incl. VIS
laser

— Max. current

— Power

3 phases at 16 A

Phase 1 = 1.9 kVA max.
Phase 2 = 1.5 kVA max.
Phase 3 = 2.6 kVA max.

2 phases at 25 A
Phase 1 = 3.2 kVA max.
Phase 2 = 2.8 kVA max.

— Power consumption | 5000 VA max. 5000 VA max.

Argon UV laser

— Line Voltage 208...240 V AC 208...240 VAC
(£10 %) 50/ 60 Hz (£10 %) 50/ 60 Hz

— Max. current 1 phase at 63 A 1 phase at:

Note: For Line Voltage 220 V the
connector and power plug are rated
for 63 Amps, However wiring and
fuse should be rated for 32 Amps.

208 V: 34 Amps
230V : 31 Amps
240V : 29 Amps

— Power consumption | 7000 VA max. 7000 VA max.
Class of protection I I

Type of protection IP 20 IP 20
Overvoltage category Il I

Pollution degree 2 2

03/06
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Carl Zeiss

NOTES ON DEVICE SAFETY
Notes on Handling the Laser Components ConfoCor 3

1.6

N

Notes on Handling the Laser Components

The LSM 510, LSM 510 META and ConfoCor 3 are laser hazard class 3B instruments. If
equipped with a Ti:Sa Laser, the LSM 510, LSM 510 META and ConfoCor 3 are devices that
belong to laser hazard class 4.

This moderate and high-risk class embrace medium-power and high power lasers. You must
take care not to expose yourself to the radiation of such lasers. In particular, never look into the
laser beam! Only personnel which has been instructed on laser safety is allowed to operate the
system.

The following laser types are currently intended for use in the LSM 510 and LSM 510 META. The use of
any other lasers as the ones listed below is not authorized.

Laser Class Power
1 Ar 351/364 nm (UV) 4* 80 mW
2 Diode laser 405 nm 3B 30 mW
3 Ar/ML 458/477/488/514 nm 3B 30 mW
4 HeNe 543 nm 3B 1T mw
5 DPSS 561 nm 3B 10 mW
6 HeNe 594 nm 3B 2 mW
7 HeNe 633 nm 3B 5mW
8 Titanium:Sapphire Laser Mai Tai (Spectra Physics) 4 > W

710-990 nm (depending on the model)
9 Ti‘[anium:SapphireT Laser Chameleon (Coherent) 4 > W
710-980 (depending on the model)

10 Diode laser 405 nm 3B 50 mW

11 OPSS laser 488 nm 3B 100 mW

12 DPSS laser 532 nm 3B 75 mW

* Laser type class 4, if mounted on laser module with fiber output class 3B.

(I

Please note that for the maintenance of the UV Laser it is recommended to run the laser at
maximum power once a day if the laser is not used frequently or only at low power levels. This
enables the Autofill process which keeps up the correct tube gas pressure. This operation
prolongs the life time of the tube and prevents complete tube failure if the laser is not used
for a prolonged period of time. For details please refer to the Operator’s Manual of the UV
laser.

Please contact Carl Zeiss if you intend to use a different laser other than the ones above.

B 45-0015 e 03/06




ConfoCor 3

NOTES ON DEVICE SAFETY
Notes on Handling the Laser Components Carl Zeiss

If used properly, the LSM 510, LSM 510 META and ConfoCor 3 will not pose any laser radiation risks for
operating staff. Nevertheless, you should observe the following warnings:

N

If necessary — insofar as specified by law — inform the laser protection officer before
commissioning the laser.

The laser modules are equipped with a key-interlock.

Always store keys for laser key switches and, if applicable, keys for further laser power
supply units, where they are inaccessible to persons not authorized to operate the laser.

A red LED on the front of the scan head lights up when one or all of the lasers are switched
on.

Do not place any reflecting objects into the beam path.
Never open any covers or panels.

Never look into the laser beam, not even to simply view the specimen, whether with the aid
of optical instruments or without. Otherwise you risk going blind!

Do not leave any empty objective positions of the nosepiece uncovered.

If a class 4 laser is attached to the system, already stray light can impose danger to the
operator.

With class 4 lasers take special care of fire protection requirements. Do not use or store
flammable or explosive solids, fluids or gases in the vicinity of the system.

Class 4 lasers can inflame also flammable materials like cloth or paper. Do not put such
materials into the beam path.

Do not reach into the process beam inside the sample area whenever the Class 4 laser is
active!

Suitable protective measures must be taken if gases, dust or vapors hazardous to health,
secondary radiation or explosive objects should arise on the specimen as a result of laser
radiation.

For NLO systems equipped with a specific push and click filter for NDD imaging be aware that
the NDD reflector cube in the reflector turret leads to a strong back reflection of HBO light into
the specimen plane and the eyepiece. When observing the specimen through the ocular lens
the use of the NDD reflector cube should be avoided. The light flash is not harmful but
unpleasant. The reflex of closing the eyelid is sufficiently protective. To completely avoid this
situation an additional filter (#1261-345) can be mounted into the NDD reflector cube which
prevents the back reflection of the HBO light in the ocular plane.

03/06
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NOTES ON DEVICE SAFETY

Carl Zeiss Physical Dimensions ConfoCor 3
1.7 Physical Dimensions

Length (cm) Width (cm) Height (cm) Weight (kg)
Large system table 150 80 78 100
Small system table 80 65 78 60
Passively damped anti-vibration table 130 100 75 137
Active anti-vibration table (NLO) 120 140 75 200
for Mai Tai Laser or Chameleon
Active anti-vibration table (NLO) 180 140 75 400
for Verdi Mira or Millenia Tsunami
Laser
Scanning Module LSM 510 25 20 25 15
Scanning Module LSM 510 META 28 27 30.5 13
Module ConfoCor 3 49 27 18 25
Microscope 50 35 50 20
Laser Module RGB 110 70 28 95
Laser Module, UV 140 20 20 60
Laser Module V (405 nm) 66 52 22 30
Plug-in unit external laser 66 52 22 9
System Electronic Rack 110 70 58 90
Power supply for Ar (UV) 50 50 30 30
Cooling unit for Ar (UV) 80 45 50 30
1.8 Environmental Requirements
1. Operation, specified performance | T =22 °C £ 3 °C without interruption (24 h a day

independently whether system is operated or switched-off)
2. Operation, reduced performance T =10 °C to 30 °C, any conditions different from 1. and 5.
3. Storage, less than 16 h T=-40°Cto55°C
4. Storage, less than 6 h T=-55°Cto70°C
5. Temperature gradient +0.5°C/h
6. Warm up time 1 h, for high-precision and/or long-term measurements > 3 h
7. Relative humidity <65 % at 30 °C
8. Operation altitude max. 2000 m
9. Loss of heat 4 kW

1y These requirements do not include the requirements for high precision measurements. Please
refer to the Operator’s Manual of the microscope for these requirements.
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1.9

Notes on Handling the Computer and Data Media

The computer used as standard in your LSM system is an IBM-compatible high-end Pentium computer
with WINDOWS XP operating system.

ISy

A

Do make sure, though, that you receive your LSM-ConfoCor 3 system with the operating
system installed, with initialization and start files set up and with the LSM-ConfoCor program
also installed.

When working with the hard disk, it is important to know that the more data it contains, the
slower its operation will become. Therefore, data that you do not need permanently should be
stored on other external devices.

When handling diskettes and USB sticks, avoid data losses by protecting them against extreme
temperatures, moisture and magnetic fields. The data on a diskette is stored in the form of
magnetic signals. To some extent, monitors, telephones or even lamps generate magnetic fields
that might destroy this data. Also, never open the metal cover on diskette cases. A diskette’s
surface can also be destroyed by touching it.

When handling CDs, CD ROMs or DVDs, do not touch the data side of the disc (the side of the
disc with no label or printing).

Do not apply paper labels or write on any part of the disc, data side or label side. If dust or
fingerprints get on the disc, wipe it with a soft cloth from the center to the edge, but do not
use benzine, paint thinner, record cleaner, or static repellent. This can damage the disc.

Do not place the disc in any place where it is exposed to direct sunlight or high temperatures.
Backup your data on a regular basis.
Do not install any other software without talking to your Carl Zeiss representative.

Never turn your computer off before you have terminated the LSM program and run down the
WINDOWS XP operating system. Otherwise, the program and/or data files may get lost.
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1.10 Notes on Care, Maintenance and Service

The manufacturer of the unit cannot be held liable for damage resulting from operating errors,
negligence or unauthorized tampering with the device system, particularly as the result of removal or
replacement of parts of the unit or as the result of the use of unsuitable accessories from other
manufacturers.

Any such action will render all warranty claims null and void and also laser safety is no longer warranted.

You are well advised to arrange a service agreement with your nearest Carl Zeiss representative to
guarantee perfect functioning of the microscope system in the long term.

Modifications and conversion work on the components of the system must only be carried out by the
manufacturer, by the service agency or by persons authorized and trained for this purpose by the
manufacturer.

Damaged units or parts may only be repaired or maintained by the responsible service agency.

During maintenance or repair carried out by the service personnel the customer is requested to stand
aside and wear a pair of laser safety goggles if needed.

ﬁ Before opening the housing of the halogen lamp switch off all laser units.

Care operations that may be carried out by operating staff are limited to cleaning painted and glass
surfaces.

» Before cleaning the instrument make sure the main power supply is disconnected.

e Cleaning painted surfaces
To do this, use a clean cloth that has been moistened in a mixture of water and some detergent; do
not use any solvent, however. Dry with a lint-free cloth.

e (leaning glass surfaces
Glass surfaces that have become soiled or which are marked with fingerprints may be rubbed with a
clean optical cleaning cloth.
If soiling is persistent, dip the optical cleaning cloth into a mixture of distilled water and a small
guantity of detergent.
To complete cleaning, lightly breathe on the glass surface and rub it dry with a clean cloth. Lint or dust
is best removed with a clean brush.

e Make sure that no cleaning liquid penetrates into the system.

e Dust filters in the ventilation entries of the system electronic rack have to be replaced every 6 month.
For replacement please contact your local service representative.
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1.1

N

A

1.11.1

User Interface

All user interface ports are equipped with a safety interlock system which warrants laser safety.
These interlock devices must not be manipulated. Other interfaces which are not described here
are service interfaces and are only to be operated by authorized Carl Zeiss service personnel.
The following devices can be mounted and dismounted by the user or are accessible by the
user:

- ConfoCor 3 filter wheels
- ConfoCor 3 external connectors

The ConfoCor 3 module must not be detached from the LSM 510 or LSM 510 META scan
modules!

Changing Filter Wheels in the ConfoCor 3

By opening the lid (see Fig. 1-5 and Fig. 1-6) you have access to all the filter wheels in the ConfoCor 3.

You can remove and replace filter wheels by push and click.

A

ISy

Be careful not to disrupt any connectors in doing this.

Please note that the data base has to be exchanged if filter wheels are replaced with another
filter set.

When opening the lid, the safety regulations will switch off the laser light.

Do not remove the ConfoCor 3 detection head from its attachment to the LSM 510 or
LSM 510 META.

Laser light can escape the system through the external port used as the attachment site for the
ConfoCor 3 that can lead to bodily damage.
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1.11.2 Using External Connectors @ @

In the rear of the GaAsP and APD modules, you
have external access to the TTL pulses of both
channels delivered at the APD1 and APD2 plugs
for the APD module (see Fig. 1-7) or at the
FCS1 and FCS2 plugs of the GaAsP module (see
Fig. 1-8).

In the GaAsP module you have also access to the
NIM pulse at the FLIM1and FLIM2 plugs.

= Please note that either plug is of BNT
type and BNT triax cables should used.
If using BNC connectors and coax
cables the signal quality can suffer
dramatically.

-

Safety

Carl Zeiss

APD 1

Carl Zeiss

gate1l

Fig. 1-7 Rear view APD module

: " (©)
fcwllelss X (€ o ] 8

Carl Zeiss g

Bl

=

FCS 2 FCS 1 ; [II

2 e

'& FLM 2 FLM 1
Fig. 1-8 Rear view GaAsP module

03/06 B 45-0015 e



NOTES ON DEVICE SAFETY
Carl Zeiss User Interface ConfoCor 3

The assignment of the connectors is as follows:

Name APD GaAsP Meaning
LVDS 14pin MDR 14pin MDR Main communication link
Sub-LVDS 14pin MDR Communication to optional module
Safety 8pin LEMO EXJ-1B | 8pin LEMO EXJ-1B | Laser safety
Power 16pin LEMO ECJ- | 16pin LEMO ECJ-2B | Power consumption: less than 20W

2B
CAN 15pin HD Sub-D 15pin HD Sub-D Optional CAN Port / Service Port

female female
RS232 9pin Sub-D male Service Port
APD 1/2 Triax BNT Photon pulse- level: 2,5V@50Q, 30 nsek long
FCS1/2 Triax LEMO ERN-00 | Photon pulse- level: 2,3V@50Q, 25 nsek long
Gate 1/2 | Triax BNT Gate APD- TTL level
FLIM 1/2 Triax LEMO ERN-00 | Double amplified PMT signal (up to —=2V)
CH1/2 4pin Binder (not No connector

implemented)

To connect the ConfoCor 3 to an optional correlator card, use the connectors APD 1 /2 or FCS 1/ 2,
respectively. As long as the maximum count rate is not reached, each TTL Pulse corresponds to one
photon. Take care to use 50Q termination to avoid reflections and use double shielded ‘triax’ cable to
avoid heavy distortions of the signal. To connect to BNC equipment, connect inner shield to ground and
leave outer shield open.

For gating the APD use TTL signals.

To connect the ConfoCor 3 to an optional FLIM card, use the connectors FLIM 1 / 2 or APD 1/ 2
respectively. APD 1 / 2 delivers directly the APD signal (jitter 350psec), whereas FLIM 1 / 2 delivers an
unshaped and amplified negative pulse of the PMT signal ranging from -0,9V of up to -2V (jitter
280psec).
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CHAPTER 2 SETUP REQUIREMENTS
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Carl Zeiss Space Requirements ConfoCor 3
2 SETUP REQUIREMENTS

2.1 Space Requirements

211 ConfoCor 3 and LSM on large system table: 2 m x 3,50 m

D Power Plug i
i
A
’% System Electronic Rack Large System Table é S
<
Y Y
- 1110 _ _ 1500 o
Y
- 3500 -
Fig. 2-1 Space requirements for ConfoCor 3 and LSM on large system table

(measurements in mm)

The System Electronic Rack contains all electronics for control of the hardware components of the
LSM system, the power supply for the microscope, the scanning unit, the Laser Module V and the
Laser Module RGB equipped with the choice of lasers. The Laser Module RGB is set on top of the System

Electronic Rack.
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2.1.2 ConfoCor 3 and LSM on small system table:2 m x 3,5 m
[ Trower Plug |
i
i \
,8 System Electronic Rack @ SystzmaT”able Compuisr é %

Y

1110 - 800

1200

3500

Fig. 2-2 Space requirements for ConfoCor 3 and LSM on small system table

(measurements in mm)

The System Electronic Rack contains all electronics for control of the hardware components of the
LSM system, the power supply for the microscope, the scanning unit, the Laser Module V and the
Laser Module RGB equipped with the choice of lasers. The Laser Module RGB is set on top of the System

Electronic Rack.
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2.1.3 ConfoCor 3 and LSM on passive anti vibration table: 2,2 m x 4,2 m

D Power Plug i
G .
o
[} o Passively Damped Computer 8
8|  Anti Vibration Table
S System Electronic Rack =
Y Y - 1200 - 8
o~
1110 e 1300 _ o
Y
4 4200 o

Fig. 2-3 Space requirements for ConfoCor 3 and LSM on Passively Damped Anti Vibration

Table (system table with breadboard).
Depending on the ordered table it might be turned by 90°.

(measurements in mm)

The System Electronic Rack contains all electronics for control of the hardware components of the
LSM system, the power supply for the microscope, the scanning unit, the Laser Module V and the
Laser Module RGB equipped with the choice of lasers. The Laser Module RGB is set on top of the System

Electronic Rack.
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2.1.4 ConfoCor 3, LSM and Ar UV Laser

We recommend placing the cooling unit of the Ar laser (UV) in a separate room to prevent heat
accumulation and vibration. Length of the water hose: 400 cm

To Cooling Unit UV [ [_Ictsm Power Plugs i
T 1000

—
|

UV-Laser Module

580

Lab Cart Y

2500

Large System Table

800

System Electronic Rack

700

1110 1500

Y

)
Y
)

3000

Y

A

Fig. 2-4 Space requirements for ConfoCor 3, LSM
and AR UV Laser (measurements in mm)

The System Electronic Rack contains all electronics for control of the hardware components of the
system, the power supply for the microscope, the scanning unit and the Laser Module RGB equipped
with the choice of lasers. The Laser Module RGB is set on top of the System Electronic Rack. The lab cart
holds the power supply for the UV laser and the UV Laser module.
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215 ConfoCor 3 and LSM prepared for Two Photon Laser (NLO)

2.1.51 Coherent “Chameleon” or Spectra Physics “Mai Tai”. Directly-coupled to inverted

Microscope: 2,5 m x4 m

D Power Plug for LSM

O]

1110

Small NLO System Table

System Electronic Rack

700

—

1400

Computer

800

1200

1200

2500

4000

Y

A

Fig. 2-5 Space requirements for ConfoCor 3, LSM and Two Photon Laser and

Small NLO System Table (measurements in mm)

The System Electronic Rack contains all electronics for control of the hardware components of the
system, the power supply for the microscope, the scanning unit and the Laser Module RGB equipped
with the choice of lasers. The Laser Module RGB is set on top of the System Electronic Rack. Power supply
and cooling unit of the NLO Laser can be stored under the system table. The electronics for the NLO laser
have to be set aside the System Electronic Rack. An additional lab cart (000000-0465-515) is
recommended. The NLO laser incoupling unit will be placed will be conducted below the ConfoCor 3

unit.
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2.1.5.2 Coherent “Verdi Mira” or Spectra Physics “Millenia Tsunami”. Directly-coupled to
inverted Microscope: 3,5 m x 3,5 m

LI power Plug for LSM i
A
! O]
§ System Electronic Rack
Large NLO System Table 8
! g
- 1110 -
o
U i
1 Y
— 1800 ~

o g
o =)
~N Qo
= IS

(@]

O

Y
— 800 —
Y
L 3500 o
Fig. 2-6 Space requirements for Two Photon Laser and

Large NLO System Table. Set up of ConfoCor 3, LSM and
inverted microscope (measurements in mm)

The System Electronic Rack contains all electronics for control of the hardware components of the
system, the power supply for the microscope, the scanning unit and the Laser Module RGB equipped
with the choice of lasers. The Laser Module RGB is set on top of the System Electronic Rack. Power supply
and cooling unit of the NLO Laser can be stored under the system table. Coherent “Chameleon” or
Spectra Physics “Mai Tai"” lasers can also be used. The electronics for the NLO laser have to be set aside
the System Electronic Rack. An additional lab cart (000000-0465-515) is recommended.
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2.2

(I

Power Requirements

The LSM 510, LSM 510 META and ConfoCor 3 come with a mains power supply cord and

plug, either CEE red (3/N/PE 400/230V/16A), or NEMA L 14-30P (2/N/Ground 120/240V/30A),
and with the matching mains socket outlet.
A ground wire (AWG10 green/yellow) is supplied because it is necessary to ground the
system. The connecting part on both ends of the cable is a cable eye with 8 mm inner

diameter.

A suitable grounding point must be installed in the room. For systems (220 ... 240 V AC)
equipped with X-Cite 120 the mains socket outlet must be equipped with a fuse having
minimum tripping characteristic C according to IEC/EN 60898.

Line voltage

Line frequency

220 ... 240 V AC (=10 %)
50...60 Hz

100 ... 125V AC (+10 %)
50...60 Hz

LSM/ConfoCor
incl. VIS laser

— Max. current

— Power

3 phases at 16 A

Phase 1 = 1.9 kVA max.
Phase 2 = 1.5 kVA max.
Phase 3 = 2.6 kVA max.

2 phases at 25 A
Phase 1 = 3.2 kVA max.
Phase 2 = 2.8 kVA max.

— Power consumption | 5000 VA max. 5000 VA max.

Argon UV laser

— Line Voltage 208...240 V AC 208...240 VAC
(10 %) 50/ 60 Hz (£10 %) 50/ 60 Hz

— Max. current 1 phase at 63 A 1 phase at:

Note: For Line Voltage 220 V the
connector and power plug are rated
for 63 Amps, However wiring and
fuse should be rated for 32 Amps.

208 V: 34 Amps
230V : 31 Amps
240V : 29 Amps

— Power consumption | 7000 VA max. 7000 VA max.
Class of protection I I

Type of protection IP 20 IP 20
Overvoltage category Il Il

Pollution degree 2 2

2-8
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Power supply
400/230 V A

Power supply &
240/120VA

Power supply

Ground wire —— | |

(AWG10 green/yellow)
APD

LSM DuoScan

LSM 5 LIVE

LSM 510 META
LSM 510
ConfoCor 3
GigaStar

E»— AXIOCAM
E=T3»— Piezo-Control
E=3— CO2-Control
E=T3>— TEMP-Control
E=T3— Focus-Control
E=XT3»— Stage-Control
E=XT3»— HBO-Power
E=X3>— HAL-Power

v

[ ]

TTTTYN

T

Power supply LM RGB []_F—=+——1~ Scanner

Switchable multipoint connector

0o

Remote LSM

|

©
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Power supply
User ports
Reserve

Reserve
Reserve

EZ- PC

Monitor 2
Monitor
PC

Power supply

LVDS
LVDS

Safety
Cooling aggregate

Fig. 2-7 Power connector for LSM 510 / LSM 510 META and Laser Module V. Free/reserve outlets may

be used to supply power to additional equipment. No more than 1 A can be provided by

each outlet. (Scheme is turned 90° to real system.)
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Argon laser ) ! E Power supply

LVDS

| Safety

Fig. 2-8 Power connector for Laser Module RGB
(Scheme is turned 90° to real system.)
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HAUPTSCHALTER
MAIN SWITCH

lllll

o0 o (o
}(@)o(w)o

oy
©
N—

IR

@le)

(

©

[T oEBo o EDo

1 Key-interlock Laser ON/OFF
2 Door interlock interface
Fig. 2-9 Key-interlock Laser ON/OFF and interface for connection of door interlock

The door interlock interface is covered with a green plug to bypass a door interlock.
« To use the interface remove the top of the green plug and the bypass wire.
« Then connect the wires of the door interlock at the same position.

Two door interlocks can be connected.
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2.3 Physical Dimensions

Length (cm) Width (cm) Height (cm) Weight (kg)
Large system table 150 80 78 100
Small system table 80 65 78 60
Passively damped anti-vibration table 130 100 75 137
Active anti-vibration table (NLO) 120 140 75 200
for Mai Tai Laser or Chameleon
Active anti-vibration table (NLO) for 180 140 75 400
Verdi Mira or Millenia Tsunami Laser
Scanning Module LSM 510 25 20 25 15
Scanning Module LSM 510 META 28 27 30.5 13
Module ConfoCor 3 49 27 18 25
Microscope 50 35 50 20
Laser Module RGB 110 70 28 95
Laser Module, UV 140 20 20 60
Laser Module V (405 nm) 66 52 22 30
Plug-in unit external laser 66 52 22 9
System Electronic Rack 110 70 58 90
Power supply for Ar (UV) 50 50 30 30
Cooling unit for Ar (UV) 80 45 50 30
Water hose for Ar (UV) 700
Fiber optic cable, VIS(ible) 300
Fiber optic cable, UV 300
Fiber optic cables at NLO systems 400
Cables 350
SCSI cable 350
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2.4 Dimension of Shipment Crates

Crate containing Length (cm) Width (cm) Height (cm) Weight (kg)
Large system table 160 85 95 120
Small system table 90 75 80 80
Passively damped anti-vibration 145 115 115 150
table

Active anti-vibration table (NLO) 145 160 110 330
for Mai Tai Laser or Chameleon

Active anti-vibration table (NLO) 200 160 110 460
for Mira or Tsunami Laser

System Electronic Rack and Laser 135 90 100 300
module

LSM, Microscope, Computer 135 90 100 150
Module ConfoCor 3 67 42 31 27
Support ConfoCor 3 67 42 31 10
Upgrade package containing 80 58 83 40
module and support ConfoCor 3

Additional Hardware 135 90 61 100
Components

UV laser unit 125 55 50 100
UV cooling unit 120 60 90 50
25 Environmental Requirements

N

. Operation, specified performance

T =22 °C £ 3 °C without interruption (24 h a day
independently whether system is operated or
switched-off)

. Operation, reduced performance

T =10 °C to 30 °C, any conditions different from
1.and 5.

. Storage, less than 16 h

T=-40°Cto55°C

. Storage, less than 6 h

T=-55°Cto70°C

. Temperature gradient

+0.5°C/h

O U | bW

. Warm up time

1 h, for high-precision and/or long-term measure-
ments > 2 h

7. Relative humidity <65 % at 30 °C

8. Operation altitude max. 2000 m

9. Loss of heat 4 kW
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2.6 Vibrations

Vibrations under operation conditions Shipping shock (LSM 510 box)
(with system table)

5pumpp at 5 Hz 39
10 ym pp at 10 Hz
10 ym pp at 20 Hz

2.7 Microscopes
Inverted Axiovert 200 M BP or SP
All ICS objectives from Carl Zeiss and their accessories can be
accommodated.
Z motor DC servomotor, opto-electronically coded
Least Z interval: 50 nm (Axiovert 200 M BP or SP)
Piezo Objective focus Piezo-driven single objective drive

Max. travel 250 um; resolution 10 nm

In the unlikely case of extreme fluctuations of the external power net or
electromagnetic radiation, the piezo crystal will vary and disturbance in
the image is visible. Note that this is not a defect and the piezo drive will
not be damaged.
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2.8 Scanning Module LSM 510 and LSM 510 META
Scanners 2 individually driven galvanometric scanners

Scanning speed
Field resolution
Field of view
Zoom

Channels

Dynamic range

Up to ~5 frames/sec (512 x 512 pixels)

Max. 2048 x 2048 pixels (individually adjustable for each axis)
10 x 10 mm2 with a 1.25x objective

1x ... 40x, continuous control

a) Up to 4 confocal reflection/fluorescence channels (PMT) simultaneously
or
b) 2 confocal reflection/fluorescence channels (PMT) and 1 META detector

1 transmitted light channel (PMT) and 2 NDD
or
3 - 4 NDD (Non descanned detectors, PMT)

1 reference monitor diode
Fiber-optic adaptation of external detectors
12-bit DAC for each detection channel

Pinholes 4 individual variable pinholes (one per confocal channel or META detector)
Computer controlled automatic alignment

2.9 Detection Module ConfoCor 3

Channels a) 2 channels (APD) or

Dynamic range

Pinholes

b) 2 channels (GaAsP PMT)
12-bit DAC for each detection channel
1 individual pinhole (channel 4 of LSM 510 or LSM 510 META)

Computer controlled automatic alignment
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2.10 Laser Module RGB (458, 477, 488, 514, 543 or 561,594, 633 nm)

Single-mode polarization preserving fiber

Laser beam attenuation for all lasers by VIS-AOTF
HeNe laser (543 nm, 1 mW)

HeNe laser (594 nm, 2 mW)

HeNe laser (633 nm, 5 mW)

DPSS laser (561 nm, 10 mW)

Ar laser (458, 477, 488, 514 nm, 30 mW)

2.1 Laser Module V (405 nm)

Single-mode polarization preserving fiber
Laser beam attenuation by UV-AOTF
Diode laser (405 nm, 30 mW)

2.12 Laser Module UV (351, 364 nm)

Single-mode polarization preserving fiber
Laser beam attenuation for all lasers by UV-AOTF
Ar laser (351, 364 nm, 80 mW)
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2.13

Laser module RGB
(458, 477, 488, 514, 543/561, 594, 633 nm)

System Overview ConfoCor 3 and LSM 510 / LSM 510 META

Laser Enterprise 11 653 (80 mW, 351 nm, 364 nm)
UV Laser module

VIS, VIS/UV, VIS/NLO
or VIS/405
scan module LSM 510

NLO kit for direct coupling

Upgrade kits LSM 510 to
LSM 510 META

VIS, VIS/UV, VIS/NLO or
VIS/405 scan module LSM 510 META
Option:

Fiber decoupling channel 4

Laser module V
(with output coupling)

Fluorescence Correlation
Spectrosccopy (FCS)

Plug-in unit for
external laser

System table with breadboard
Wide: 1000x750mm (1200x950 overall)

LCD TFT flat screen
monitor 19"

NS

System table with active absorption
width 1800 mm, height 750 mm, depth 1400 mm

System table with active absorption

width 1200 mm, height 750 mm, depth 1000 mm
Control computer
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ConfoCor 3

PIEZO objective focus

Scanning stage DC 120x100
with mounting frame
for inverted stand

2-axes control panel

VIS, VIS/UV, VIS/NLO
or VIS/405 scan module
LSM 510 or LSM 510 META

(m— T ¢ \

S

Axiovert 200 M SP

Several solutions for incubation
will be offered.

AxioCam HRm
AxioCam HRc
AxioCam MRm

100 HAL illuminator
with collector

Halogen lamp 12 V 100 W

Transmitted-light
channel for LSM 5

100 HAL illuminator
with collector

Halogen lamp 12 V 100 W

Detection module
external PMT for Non
Descanned Detection

Non Descanned
Detection kit
motorized NDD module
with shutter

Detection module
external PMT for Non
Descanned Detection

HBO 100 illuminator
with lamp mount and collector

HBO 100 illuminator self-adjusting,
with lamp mount and collector

Power supply unit for HBO 100
FluoArc variable intensity lamp control for HBO 100
X-Cite 120 fiber coupled illuminator

Detection module
external PMT for Non
Descanned Detection

Non Descanned
Detection kit
motorized NDD module
with shutter
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3 INTRODUCTION TO LASER SCANNING MICROSCOPY AND FLUORESCENCE
CORRELATION SPECTROSCOPY

3.1 Principle of Laser Scanning Microscopy

To yield information on their inner structure by conventional transmitted-light microscopy, specimens
have to be very thin and translucent; otherwise image definition will be poor. In many cases it is a
problem to satisfy these requirements.

The essential considerations have led to trailblazing changes in conventional microscopy and supplied a
successful solution to the above problem.

e Unlike the practice of even illumination in conventional microscopy, the LSM technique projects the
light of a point light source (a laser) through a high-NA objective onto a certain object plane of
interest as a nearly diffraction-limited focus. However, if not for another "trick", the stray light
produced outside the object plane, or the fluorescence of fluorescent specimens, would disturb the in-
focus image of object point of interest, resulting in a blurred image of poor contrast. The problem
therefore is how to capture only the light coming immediately from the object point in focus, while
obstructing the light coming from out-of-focus areas of the specimen.

e The light reflected, or the fluorescence light

produced, at the focus of the high-NA objective
Specimen is projected onto a variable pinhole diaphragm
by the same objective and a tube lens. The
focus inside the specimen and the pinhole are
\ situated at optically conjugate points (confocal
> Objective imaging). The decisive advantage of this
arrangement is the fact that essentially no other
light than that coming from the object plane of
interest can pass the narrow pinhole and be
registered by a detector. Unwanted light

Focus

Excitation Light £=>

Beam Splitter _ . .
coming from other specimen areas is focused
outside the pinhole, which passes only a small
. fraction of it. The smaller the pinhole, the less
> Tube Lens

stray light or fluorescence from out-of-focus
areas will get on the detector. The image point
thus generated is largely free from blur caused
by unwanted light.

— /YA Pinhole
A e In order to obtain an image of the selected
Detector object plane as a whole, it is necessary to scan
the object plane in a point-by-point, line-by-line
raster by means of an XY light deflection
system. The detectors - as a rule,
photomultipliers - convert the optical information into electric signals. This allows the image of any
object plane to be generated and stored within less than a second. By a defined focusing (Z axis)
movement it is possible to look at any object plane of interest. By scanning a succession of object
planes in a specimen, a stack of slice images can be produced.

Fig 3-1 Principle of confocal imaging

This way, the LSM technique in conjunction with ICS optics (Infinity Color-Corrected System) has brought
decisive improvements over conventional microscopy in terms of resolving power and confocal depth
contrast:

Object features in the order of 0.2 um can be resolved, and height differences of less than
0.1 um made visible, without the use of interference methods.
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3.2 Principle of Fluorescence Correlation Spectroscopy

Fluorescence Correlation Spectroscopy (FCS) analyzes the diffusion time of molecules and their
differences if they have bound together. This is done by fluctuation analysis of fluorescence-labeled
molecules within a well defined volume element. In most experiments, Brownian motion drives the
fluctuation. The volume element is the confocal volume defined by the excitation spot of a well focused
laser beam and the selected emission region defined by the properly aligned pinhole of the detection
optics (see Fig 3-1).

As such, the setup is the same as for a Laser-Scanning Microscope (LSM), but in the latter we are not
interested in the fluctuations but in the average intensity. As a matter of fact, what is the signal in FCS is
noise in the LSM. Since the fluctuations are more pronounced, if less molecules are in the volume, FCS
requires little molecule numbers (1-10). Whereas LSM is a scanning technique, FCS uses the beam is
parked in one spot.

The fluctuations are analyzed by treating the measured photon counts with mathematical methods called
correlation functions (see Fig. 3-2). The amplitude of the function is inverse proportional to the molecule
number and the decay time gives the residence time of the molecule in the confocal volume and hence
its diffusion time. If the two interacting molecules are of different size, only the smaller one has to be
labeled using fluorescent dyes. This method is called auto-correlation. In this case the total auto-
correlation is the sum of the two different species. If the diffusion constants of both partners are similar,
they are both labeled with different dyes and cross-correlation is used. Often, photophysical processes
like triplet states impinge on the correlation function, but can be accommodated in the model. Then the
total correlation is the product of the single processes.

Glt) 7
( ) 5 - .-—.______-__-ﬁ G(.,]=Z(;}. i)
5 - ~ d
4
> <
2 4 Gk)=]]G: .
1 i i ."'\-___
0 T L) L}
0.1 10 1000 100000 10000000
T (1s)
Fig. 3-2 Correlation functions

Figure 3-2 shows a correlation curve for a two component translational diffusion with triplet. The two
components can be separated on behalf of their diffusion time (circles). Note that the contribution of the
two components add up, whereas the contribution of the total diffusion process and the triplet multiply
to obtain the total correlation.

Because of the tiny size of the confocal volume and its nature, the measurement can be carried out, in
principle, in every area that is reachable by light and that is not smaller than an Escherichia coli bacterium
(approximately 0.2 fl). In particular, measurements can be done inside living cells or on cell membranes.
In order to be able to place the measurement volume at its proper place, it is advantageous to combine
FCS with powerful light microscopy, particularly a confocal LSM.
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33 Optical Diagram of the ConfoCor 3 and the LSM 510 and LSM 510 META (Schematic)
AN
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Objective
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®—©—E] Plate \ Monitor Diode Fi
iber
HBO : Coupler
<I™ Tube Lens f;z: Scanner (P)I;ri:;e Fiber ShAOTF
A Coupler utter
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Shutter
Eyepiece VP4
Tube Lens /" DBS1 /$/ co
DBS3 (o) A 5 N
Inverted Microscope ! 7 V . 2 lslls
777777 1\ A -selecti d £ % g g
EF L iy
VP1 Spectral <3
EF1 Detector
Scan Module on Side Port Laser Laser
Module UV Module VIS
g
<
— EF5
I ‘ | A
I [V
EF4 DBS4 IBF ZO
ConfoCor 3
Fig. 3-3 Optical path, schematic (3-channel configuration)
AOTF Acousto Optical Tunable Filter IBF Infrared Blocking Filter

APD  Avalanche photodiode
CO  Collimation Optics

DBC Dichroic Beam Combiner

DBS  Dichroic Beam Splitter

LSF Line Selection Filter

MDBS Main Dichroic Beam Splitter
NDF  Neutral Density Filter
VP Variable Pinhole

EF Emission Filter PMT  Photomultiplier
HAL  Halogen Lamp T-PMT Transmission-Photomultiplier
HBO  Mercury Vapor Short-Arc Lamp Z0 Zoom Optics

The diagram above is a schematic representation of the LSM 510-ConfoCor 3 system.

Laser light is focused onto the specimen through an objective in a diffraction-limited mode. Light emitted
at the focal plane and at planes below and above it is directed via an XY scanner onto a main dichroic
beam splitter (MDBS), which separates the emissions from the excitation light. The fluorescences are
separated from each other by a series of dichroic beam splitters (DBS1 ... maximally DBS4) and directed to
individual photomultipliers (PMT1 ... maximally PMT3) or via Channel 4 into the ConfoCor 3 module.
Here light passes though block filters for NLO light (if applicable), and is directed via a dichroic beam
splitter (DBS 5) to avalanche photodiodes (APD1 ... maximally APD2) or GaAsP (GaAsP1 ... maximally
GaAsP2) detectors. The pinholes (VP) block all out of focus light, whereas emission filters (EF) are used to
select a specific spectrum of the emitted light and to suppress any remaining excitation light.
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3.4 Performance Features of the ConfoCor 3 and the LSM 510 or LSM 510 META
3.4.1 Optical and Mechanical Aspects

The highly integrated system design makes for the shortest possible optical paths, top-grade optical
precision and high stability. The compact scanning module can be fitted to an inverted (Axiovert 200 M
BP or SP) or upright (Axio Imager.Z1, Axio Imager.M1 or Axioskop 2 FS MOT) microscope in less than three
minutes. On the Axiovert 200 M, the scanning module may be mounted either to the base port directly
below the microscope or to the side port. Please note that the Axiovert is required for attachment of the
ConfoCor 3.

The spectral range available extends from the UV to the IR region.

For the VIS (visible-light) Laser Module, the user can select from up to six lasers with wavelengths of 633,
594, 561, 543, 514, 488, 477, 458 and 405 nm. The UV Laser Module provides wavelengths of 351 and
364 nm. A Ti:Sa Laser provides pulsed laser light from 690 to 1040 nm for Multiphoton imaging (NLO).
Coupling of the laser light is through polarization-preserving single-mode optical fibers. One variable
beam collimator each for the UV or NLO and visible ranges provides optimum adaptation of the
respective laser wavelength to the objective used and, thus, optimum correction for Z aberrations.

Acousto-optical tunable filters (AOTF) adjust the necessary brightness for up to 8 laser lines within
microseconds.

A monitor diode permanently registers the laser output; it can be used for the on-line checking of the
intensity of the exciting light. This check is also possible selectively for the different wavelengths if a line
selection filter is inserted.

The three internal image acquisition channels, usable for reflection or fluorescence, and an additional
transmitted-light channel are ideal for the investigation of multiple fluorescence specimens. The
ConfoCor 3 is attached to the fourth channel. The ConfoCor 3 comes with two detector types:
Gallenium Arsenide Phosphide detectors (GaAsP) or avalanche photodiodes (APD). The APDs will deliver
a TTL pulse, the GaAsP detectors deliver TTL pulse, NIM pulse and an analogue signal. Separately in each
of the four channels, the diameters of the pinholes and their XY positions can be optimized, and the
desired emission filter placed into the beam path, by servo-motor control. In the case of pinhole VP1, this
adjustment also includes positioning along Z. In the simultaneous registration of multiple fluorescence,
identical optical sections can be obtained in each confocal channel. This is of importance, e.g., with the
FISH method (fluorescence in-situ hybridization) used for genome analysis in cytogenetic studies.

The microscope's transmitted-light channel is equipped with a photomultiplier, too. It is therefore
possible to superimpose a multiple fluorescence image on a brightfield, differential interference or phase
image.

A fiber-optic cable connection to external special detectors, such as cooled PMTs or spectrometers, is not
available if the ConfoCor 3 is attached.

In addition to the emission filters for all standard and special applications, available in motor-controlled
filter wheels, the user can easily install his own emission filters in two of the channels. In the ConfoCor 3
all filter wheels can be exchanged by push and click.

The high-NA C-APOCHROMAT obijectives specially developed for the LSM technique reach the physical
limit in resolving power, and can be used throughout the 350...800 nm spectral range with the same
high quality, producing brilliant images. Note, for fluorescence correlation spectroscopy the C-
APOCHROMAT objectives are highly recommended.

A two-mirror scanner system, controlled by a real time electronics, offers several advantages. The large
deflection angle of the scanning mirrors allows a wide area to be scanned. With a 1.25x objective, the
object area scanned is 10 x 10 mm2. The scanning field size can be freely selected between 4 x 1 and
2048 x 2048 pixels.
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It is possible to rotate the XY scanning field through 360° and carry out XY scans without having to
rotate the specimen itself under laser radiation load.

For ConfoCor 3 operation, the mirrors will be parked.

Selection of the specimen detail of interest for zooming is fast and convenient, and the zoomed image is
automatically centered. This saves the job of specimen centration with the microscope stage.

Using a bi-directional scanning facility will double the scanning rate to approx. 5 frames/sec (at 512 x 512
pixels); if two different laser wavelengths are used for the two scanning directions (wavelength 1 for left-
to-right, and wavelength 2 for right-to-left scanning), two fluorochrome dyes can be viewed and
documented in a quasi-simultaneous mode. This will prevent cross talk between detection channels.

3.4.2 Microscope Equipment of the ConfoCor 3 and the LSM 510 or LSM 510 META System

The LSM 510 or LSM 510 META system is equipped either with the inverted Axiovert 200 M BP or SP
microscope required in combination with the ConfoCor 3.

Only the differences from the delivered operating manual "Axiovert 200 M" will be explained here.

(1) Stand

a) The motorized objective nosepiece 5x H DIC is firmly fixed to the stand, where no operating elements
can be found for the nosepiece. Operation will be performed via LSM 5 software control. The "Restriction
of the nosepiece height to protect the objectives during motorized objective change"” is inactivated. The
nosepiece will be moved down automatically before each motorized objective change.

b) The reflector mount is motorized and provided with the Axiovert 200 M reflector turret. The reflector
turret has 5 positions: One transmitting light position, which is identical to the LSM position, and four
further positions for fluorescence filter sets (reflector modules). If you want to use more than five
conventional fluorescence filter sets, it is advisable to use a further reflector turret. When changing the
reflector turret position you must make sure that the turret will click into position, since otherwise the
image area will be cut. ¢) The stand has a motorized focusing drive (fine coarse). Sensitivity of the
focusing drive is adjusted to the delivered objectives by the manufacturer. If you want to use other
objectives, sensitivity and parfocality can be adjusted via the Axioset program.

d) The stand features an integrated power supply for the internal motors and stand electronics. The
power supply can be switched on at the right side of the stand. External power supply units will be used
for the mercury vapor short arc lamp.

e) The analyzer slider for conventional DIC methods will be operated from the right side and is located
just below the nosepiece.

When the rod is pushed in, the analyzer is located in the beam path. In the LSM-mode, the analyzer must
not be located in the beam path, and the analyzer rod must be pulled out.

(2) Specimen stages and fine focus drives

a) Mechanical stage
The stage with coaxial drive must be mounted on the right side of the stand.

b) Scanning stage

¢) Piezo objective focus drive
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(3) Transmitted-light illumination

a) The illuminator support contains a security circuit which activates a shutter preventing laser light from
reaching the stand when the support is moved to the back. A complementary shutter built in the stand
prevents laser light from reaching the eyepieces during the scanning mode.

b) The illuminator support is equipped with a rotary polarizer. The Axiovert 200 M description contains
the adjustment for the DIC mode during conventional observation.

For scanning in the transmitted-light DIC mode, the polarizer in the transmitted light support works like
an analyzer and must be adjusted in such a manner that direct laser light will be blocked.

The conventional analyzer slider in the stand must not be located in the beam path because the laser
light is already polarized.

¢) A fully motorized, LSM 5 software-controlled switching mirror is mounted on the illuminator support.
Alternatively, the light is directed to the LSM 5 transmitted-light detector or enables conventional
transmitted-light observation.

d) The focusing screen for conventional transmitted-light is located in a support in front of the halogen
lamp housing.

e) Further information on the halogen lamp and the condensers is provided in the Axiovert 200 M
operating manual.

(4) Reflected light fluorescence

With the exception of the reflector slider, all the Axiovert 200 M fluorescence accessories can be used.
Further information is provided in the Axiovert 200 M operation manual.

(5) Imaging optics

Optovar sliders cannot be used.

The analyzer for the conventional DIC mode will be operated from the right side and is located just below
the nosepiece.

Use of sliders with auxiliary objects (473704/14-0000-000) is not possible.

(6) Photo equipment

The stand does not feature an integrated SLR-port, but microscope cameras as described in the
Axiovert 200 M and LSM 510/ LSM 510 META operation manual can be used.

(7) TV adaptation
The TV port at the side and the tubes can be used as described in the Axiovert 200 M operation manual.

The TV interface side port can be used with TV adapters 60 N or LSM adapters.
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343 Computer Hardware and Software

The LSM 510- and LSM 510 META-ConfoCor 3 are controlled via a standard high-end Pentium PC.
Linking to the electronic control system is made via Gigabit Ethernet interface. The PC comes with the
WINDOWS XP operating system.

The instrument is fully motorized, permitting fast change-over between methods as well as automatic
operation. Parameters once set or complex examination sequences once established can be saved and
reproduced; therefore, complete application programs can be loaded and performed by pushbutton
control.

The software of the LSM 510, LSM 510 META and ConfoCor 3 have two levels. On the simple operator
interface level, a result will be achieved after a few prompts; graphical prompting of the user in
conjunction with automatic setting of many parameters is an ideal tool for daily routine jobs. The expert
level offers perfect facilities for individual settings of functions and parameters.

Conversion of the light signals into a digital image is effected by means of four 12-bit A/D converters,
each of which can generate 4096 brightness levels.

The software provides an enormously wide range of image processing functions, including all standard
2D/3D (stereo, projection) functions identical to sophisticated 3D reconstruction capabilities (surface and
alpha rendering), digital processing of voxels and 3D measurement functions (surface areas, volumes).

As all files and images are recorded in MS Access databases, elegant image database editing is just as
easy as transferring the records to other programs.
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5 LTS 2 4 OPERATION OF CONFOCOR 3 IN
Carl Zeiss ﬁ EXPERT MODE
' 4.1 Main Menu for ConfoCor 3

Scan New Images

The major functions can be selected in the Main
menu of the Expert Mode either via the pull-down
menus in the menu bar or via the Main menu
toolbar which can be displayed or removed as
required.

Use Existing Images

S Start Routine Mode
’ Start Expert Mode

@ Copyrioht Carl Teiss 19662005
Portions € Copyright 1998, Microsoft Corporation. &l rights reserved

Further subordinate toolbars are available below
this toolbar, depending on which button has just
been pressed (File, Acquire, etc.).

Fig. 4-1 LSM 510-ConfoCor 3 ,
9 Switchboard window In the standard setting of the LSM 510-

ConfoCor 3 software, the toolbars are auto-
matically displayed after the start of the Expert
Mode.

= However, since the LSM 510-ConfoCor 3 software is operated more conveniently with the help
of the toolbars, only this method of function activation will be described in the following.

e Click on the Start Expert Mode button in the LSM 510-ConfoCor 3 Switchboard window.
— The LSM FCS - Expert Mode Main menu appears on the screen.

The Acquire button is active automatically, and the submenus selectable in it are shown in the second
(bottom) toolbar.

Main menu Main menu Subordinate
(pull-down) toolbar toolbar
21 x|
in  Window Help
i)=( Process 3D View n ConfaCor é tacro @ Optiohs ﬁ Maintain
1 H EH| & e |
Mew Elpn Save Save bz Impart Export rulti Print Exit
Fig. 4-2 LSM FCS- Expert Mode Main menu
@ s File button Open, save, import and export of image data. Printing
individual or several images on one page. Ending (Exit) the

Expert Mode.

Iyg bequire Acquire button Calling up and setting the necessary operating parameters.

During the preparation for and execution of laser scan image
acquisition, this menu item is used as the working dialog
between the computer and the microscope.
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i)( Process Process button Used for processing of acquired images.
a0 view 3D View button Used for three-dimensional reconstruction.

% Macio

n ConfoCor

R
Optionz
% o

Macro button

ConfoCor button

Options button

ig T ET | Maintain button

Makes it possible for the user to store frequently used processes
(Macro recorder) and to run them automatically (Macro play). It
is possible to write new macros or to edit existing ones.

Loading FCS data files and methods; defining and selecting
models; define settings; executing measurement and data
analysis

For custom-configuration of software and hardware options,
and for exporting system operating sequences to the Routine
Mode.

This menu item enables access to the coloring table.

In the Settings window you can specify essential operating
modes and informative help, organized by tabs, which have an
effect on the user interface.

Service mode for adjustment and setting of other parameters
(e.g. objectives).

03/06
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4.2 File Menu for ConfoCor 3

The functions of the File menu permit images and the relevant information to be managed and handled
completely in a database system. You can also create your own databases. The databases allow images to
be stored, loaded and deleted. The additional functions Import and Export permit images from other
systems to be made available to the LSM 510-ConfoCor 3 software, or the export of images to other
software packages. The Print function allows individual or several images to be arranged on a print page
for printout. The Expert Mode can be ended via the Exit function.

e In the Main menu toolbar, click on File.

- This opens another, subordinate toolbar in the Main menu.

2l
File Acquire Process 3D Wiew ConfoCor Macro Options  Maintain  Window Help
s + ' e L)

/% Acquire —w Process Eg 30 View n ConfoCor % I acro % Optiong ﬁ Maintain

ARIEIEIENE 1|
New Open Save Savefs Irpart Expart tdulti Frint Exit
Fig. 4-3 LSM-FCS - File menu

The New button allows you to create a new database
The Open button allows you to open an existing database
The Save button allows you to save an existing database with the name and file location unchanged

The Save As button allows you to save an existing database under another name and different file
location.

The Import button allows you to import an existing image. You have the option of different file formats.
The Export button allows you to exort the highlighted image in different file formats.

The Multi Print button allows you to print a highlighted image.
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4.3 Acquire Menu for ConfoCor 3

¢ In the Main menu toolbar, click on Acquire.

- This opens another, subordinate toolbar in the Main menu.

&/LSM FCS - Expert Mode gird o3|

File Acquire Process 3D Wiew ConfoCor Macro Options  Maintain  Window Help
5
% Macro % Options ﬁ taintain

@& | =
WIS ™ L5k

30 View n ConfaCar

=

Stage

.
>'< Process

¢

Micra

TimeSeries

4

Edit ROI

=\

Laser Scan EditBleach

Config

Fig. 4-4 LSM-FCS - Acquire menu

For preparing and acquiring a scanning image, it is recommended to call up and use the tools of the
subordinate toolbar in the following order:

- Conventional microscope setting.

- Laser setting.

- Configuring the optical system for the Scanning Mode.

- Setting of scan parameters.

- EditROI permits up to 99 regions within a frame to be defined and scanned.

- TimeSeries permits user-specific time series to be selected for the scan procedure.

- The EditBleach function is used to bleach a defined, freely selectable area within the scanning
field.

- Upon selecting Stage you can set the focus (Z coordinate) and the Z step size between successive
slices. If the optional, motorized X/Y-stage is connected, the X and Y-positions of the sample can
also be selected.

- The VIS, FCS and LSM buttons switch the beam path and indicate which beam path has been set
in the binocular tube of the microscope (VIS for viewing, FCS for FCS measurements via laser
excitation and monitor observation, LSM for laser scanning operation with monitor observation).

e For the scanning process, the LSM button in the toolbar subordinate to the Acquire item must be
activated.
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2l 4.3.1 Micro Button

Microscope Settings

I 'I Apply | Stare |Delete| Assign Button |

The Microscope Control (Micro button) window

permits motorized functions (objective and

Objective

Reflector

Mone

Tube Lens

i s i Less reflector change settings) and the illumination
nn nn i mode (transmitted light) of the connected
microscope to be controlled via the software (see

Fig. 4-5).
Transmitted Light Without any difference to software control, these
/ @I microscope functions can also be operated directly
on the stand via the relevant controls. In that case,
- o 00% any changes are recorded by the software and

displayed in the relevant windows / panels.

C-épachiomat 40412/ cor e Click on the Micro button.

Reflected Light

- This opens the Microscope Control window

®| on the screen.

After conclusion of the conventional setting of the
connected microscope, the Microscope Control

Iy window can be closed again.
e Click on the Close button in the Microscope
Control window.
- The Microscope Control window will be
) ) ] closed.
Fig. 4-5 Microscope Control window

The Microscope Control window contains the following functions:

Transmitted Light
button

Condensor button

Objective button

Reflector button

Transmitted light is switched on / off via ON button in the Transmitted Light
frame, setting of light intensity can be varied via input box or slider. 3200 K
color temperature for photo documentation can be switched on via 3200 K
button in the Transmitted Light frame. The transmission light control
potentiometer on the stand is disabled via the Remote button. By clicking on
the Close button the Transmitted Light frame is closed.

Numerical aperture of the condensor is set via input box or slider. Turret
position selected from graphical pop-up menu (only for motorized
condensors). By clicking on the Close button the Condensor frame is closed.

Obijective can be selected via graphical pop-up menu. Please note, that for FCS
only the C-Apoochromat 40x/60x W N1.2 are specified

Push and click, reflector cube can be selected via graphical pop-up menu.

4-8
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Tube Lens button Push and click, tube lens can be selected via graphical pop-up menu.

Reflected Light button The shutter is switched on and off.

4.3.1.1 Reflected-light Observation (Epi-fluorescence)

e Turn on the HBO 50 power supply switch.
e Click on the check box for Reflected Light [¥] On.
¢ In the Reflector Turret list box, select the desired filter set by clicking on it.
- The filter is automatically moved into the beam path to enable observation in epi-fluorescence.
¢ In the Tubelens list box, select the desired tube lens by clicking on it.

e Swing the required objective for FCS measurements into the working position. This is performed by
selecting the objective in the Objective selection box in the Axiovert Control window.

We recommend to use the C-Apochromat 40x/1.2 W corr on account of its optimized optics.

4.3.1.2 Transmitted-light Observation

e Click on the check box for Transmitted Light [¥] On.
e Activate the condensor function in the Condensor panel.

e Swing the required objective for FCS measurements into the working position. This is performed by
selecting the objective in the Objective selection box in the Axiovert Control window.

e Select Light Remote or 3200 K or set the transmitted light intensity via slider.

4.3.2 VIS, TV, LSM Buttons

The VIS, TV and LSM buttons switch the beam path of the microscope (VIS for viewing, TV for camera,
LSM for LSM laser operation with monitor observation).

For the measuring process, the LSM button in the toolbar subordinate to the ConfoCor item must be
activated.

3>  Please note, in the LSM 510 — ConfoCor 3 the major beam splitter is shared between the
systems. A change in its setting will only affect the system, where the change was made.
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4.4 ConfoCor Menu for ConfoCor 3

e In the Main menu toolbar, click on ConfoCor.

- This opens another, subordinate toolbar in the Main menu.

T/LSM FCS - Expert Mode gcd o3|

Fil= Acquire Process 3D Wiew ConfoCor Macro Options  Maintain  Window Help

@ File 7% Aequire i ; Process E‘S’! 30 Wiew % M acra % Options ﬁ b aintain
i:2:K] fon ]
A | B | ® | i
Open File Lazer Methads Adjust Meazure Madels Settings WIS ™ L5M
Fig. 4-6 ConfoCor menu

For preparing and measuring, it is recommended to call up and use the tools of the subordinate toolbar
in the following order:

- Open File
— Laser

- Methods
- Adjust
— Measure
- Models
- Settings

441 Open File

This function is intended for use of already measured data in the FCS mode. It also allows you to import
data stored with the ConfoCor 1, ConfoCor 2 or the ConfoCor 3. In addition, raw data stored with the
ConfoCor 2 and ConfoCor 3 can be loaded.

2 e To open previously stored data, click on the
Suchen in: Iaexamples_ZDwnDFlset j e = B

Open File button in the ConfoCor subordinate
toolbar of the Main menu.

— This opens the Open FCS file window for
the selection of drives, directories and
subdirectories in which data files have been

stored.
Dsenane. | o L= o If you want to load a data file in another folder
s D e | (drive / directory), click on the arrow button to
= the right of the Look in box.
Fig. 4-7 Open FCS file window - This opens a drop-down list box in which

you can select from all available folders.
e Select the appropriate data file(s) via mouse click and click on the Open button.

- This opens the FCS data file in a separate window from saved data or opens FCS data files in one
window of exported data.
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4.4.2 Laser Control for ConfoCor 3 X
The Laser function allows you to switch on and off Laser Uik Wavelengih —
1 | Argond2 458, 477, 488, 514 nm
the lasers and set the tube currents if applicable. R L LU o
Chameleon 800 nm ulis
HeMeB33 E33nm On

e Click on the Laser button in the ConfoCor
subordinate toolbar of the Main menu.

. . Mavimur Power: 30,0 mw On
- This opens the Laser Control window (see Wavelengihe 458, 477, 488, 514 nm o
Fig. 4-8), which consist of two panels. The Status: Ready Sta‘ndby
upper Lasers panel lists all the available Tube burent: - 394 = :
lasers, that can be selected within the display Dutput [] Kl il M
box. The selected laser can than be
controlled then in the lower panel that bears Fig. 4-8 Laser Control window

the name of the selected channel.

- The Argon laser is first switched to Standby, until it is warmed up. Then the laser can be switched
on by pressing the On button and the tube current set by the Output (%) slider. A good value is
setting the tube current to 50% output. The laser can be switched off by pressing the Off button
or brought to standby by pressing the Standby button. Whenever the laser is required, he will
automatically go from Standby to On and does not need to be switched on in this menu. Other
lasers with a constant tube current can be either switched On or Off.

443 Methods

The Methods function shows all existing measure methods for selection or deletion.

e Click on the Methods button in the ConfoCor subordinate toolbar of the Main menu.

- This opens the Select Method window (see Fig. 4-9). The name of the currently selected method
will appear in the status bar of the window.

T |select Method 2=
Namms | Cormment t ‘ Categoty | Status ‘ User Date oK

Autocorrelation Cy5 Calibration of channel 1 | Calibration QK ZAKLW 01/05/2008 08:45:43 Ahd
b 01/05/2! 28:171 Abd

01/05/2008 08:44:04 Ak

_U

Fig. 4-9 Select Method window
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e You can select the analysis method you want to use by double-clicking on the corresponding list entry.
After the double click the analysis method is selected and the Select Method... window will be closed
automatically.

e Alternatively you can select the analysis method by a single click — which will highlight the selected
method — and a subsequent click on the OK button. The window will then be closed automatically.

e The Cancel button of the Select Method... window allows you to leave the dialog without any
action.

e The Print button opens the Print Setup window. Set the print parameters and start the print function
by clicking OK. The Print Setup window is closed automatically.

e The Delete button allows you to delete a method from the database. To do so, click on the method
entry in the list and then click the Delete button. A window will pop up requesting confirmation of
this action. If you confirm, the method will really be deleted from the database.

= Use this function with extreme care! You might lose valuable data!

e After a click on the Info button the Method Information window will pop up which shows a
detailed description of the analysis method (see Fig. 4-10).

3> All parameters will load with this method.

& IMethod Information 21x|
Method Autocorrelation RBhEG = Elosz
Method comment Calibration of chamnel Z
Modi fied 01/05/2006 08:28:11 &M :
Category Calibration
User ZIKLT Copp Al
EeanPath
Channels:
eh2 &
Print
Filter: P ——
MBS: HFT 488,551
EFLl: LP 470
EFZ: BP 530-610 IR —
EF: None
DBS: Mirror
Automatic dust filter: 0ff
Countrate binning time: 0.001 =
Photon count histogram binning: automstic
Correlator binning time: 0.200 ps
Attenuators:
488 nm: Power: 1.000000 % Bleach power: 0.100000 %
Bleach time: 0.000 s
Measure time: 1.000 =
Depeat count: 1
Kinetics count: 0
Fit parameters
Channel Z:
Modal Type: Correlation
Fit range start time: 0.000=+000
Fit range end time: 1.000e+020
Formala:
Name:
Terns:
Flaas: =l

Fig. 4-10 Method Information window

e C(lick on the Copy All button to copy the details to the clipboard. Afterwards you can insert the
details in a WINDOWS application (e.g. Winword) and save it.
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e Click the Print button to print the details table. This opens the Print Setup window. Set the print
parameters and start the print function by clicking OK. The Print Setup window is closed
automatically.

e Click the Close button to close the Method Details window.

4.4.4 AdeSt G Carrier Position 2lx]
X, Y (Stage)
The Adjust button opens the Carrier Position Sanple Carter | N @ el | Popies] peed |
window (see Fig. 4-11), which is used to define i | 2 |
and orient the sample carrier. &
] 2 3 4 Lesa

4441 Define a New Sample Carrier

e In the Carrier Position window, use the select
dropdown menu box, if you want to edit a pre- ! 2 3 §
existing carrier than press the Properties o —
button. If you want to create a new carrier, just
press the Properties button. The selected e (| T »|[7 wm Jﬂ
Carrier configuration will be displayed. Enter the W N
number of chambers and the distance (mm) = o/
between the chambers in the appropriate 7 (Focus)

Column and Row input boxes. &
Laser Onnoff
| 0.000

Wik, +200 pm
Load -200 prn

No Camera Signal!

Fig. 4-11 Carrier Position window

4.4.4.2 Save a New Sample Carrier 2]

e Click on the Save button to save the new ok
sample carrier.

. . M ame INuncBweII
- The Save Carrier window appears on the

screen. Cancel

e Choose a memorable name for the new sample
carrier which you are likely to remember.

Fig. 4-12 Save Sample Carrier window
e Click on OK to save the new sample carrier.

e C(lick on Cancel if you don’t want to save.
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4443 Delete a Carrier Configuration

A no longer required sample carrier can be deleted as follows:

e Select the sample carrier to be deleted from the Sample Carrier selection box.

e Click on the Delete button. Confirm the deleting in the following window by clicking OK.
e When you are finished, close the Carrier Definition window by clicking on Close.

4.4.4.4  Z(Focus) Panel

The functions of the Z (Focus) panel allows you to
position the focus in Z direction (see Fig. 4-13).
0.000 Following function elements are available:

Lazer OniCft

i

No Camera Signal!

Store _Fleuse

Laser On/Off button
Witk +200 pm Switches selected laser lines on/off
Laad -200 pra

Fig. 4-13 Z (Focus) panel Z-position display field

Displays the current Z position.

Store button

Stores the current Z position.

Reuse button

Moves the z drive to the stored Z position.

Work button

Moves the stage / nosepiece back to the Work position. This is the position last set before the Load
button was pressed.

Load button

Lowers the stage / nosepiece to make it easier for you to change the sample carrier (or objective).

+200 pm button

Moves the Z drive for +200 um per mouse click (upwards).

-200 pm button

Moves the Z drive for =200 pm per mouse click (downwards).

3>  The Z-position stored by activation of the Store button is a relative parameter and is only valid
during the current session. Accordingly, this position can be approached in a defined way only
during this session via Reuse.

Since the sample is just a solution in many cases and has no structure, we cannot "focus" the instrument
by looking at sample features. Cover slip reflection has to be used instead to find the glass- / solution
interface. The position of the glass surfaces is detected most conveniently via line scanning.
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Proceed as follows:

Make sure that the front lens of the water
immersion objective is wetted by a drop of
water. Use fluorescence-free double-distilled
water, since otherwise the immersion water will
cause background fluorescence and deteriorate
the correlation signal.

Choose a chamber by clicking on one in the
sample carrier drawing in the X, Y (Stage)
panel of the Carrier Position window.

Set up a beam path in Configuration Control
(see Fig. 4-14). Convenient settings are 488 line
at 2 % AOTF, 80/20 splitter in the major beam
splitter and an appropriate channel and
emission filter, for example channel 3 with a
KP680 id available.

Set up scan mode (see Fig. 4-15). Choose Line
scan, highest Scan speed, 512 x 512 and Zoom
1 for convenience.

& Configuration Control zl=]

LEmbda Mode

Channel Made Dnfine Fngemprinting

Close

MuttiTrack Ratio .]

S
OOO000000 g m
ol ] =5

Singke Track:

None Zl “#—Fiber Out
]
I KP 685 [ T
[# Ch2 Config
LP 505
w2 2 L -
| Ch3
Mirrar
NT 80/20 Z &Exﬂtmion

Specimen

Fig. 4-14

Beam path configuration for finding
glass reflection

& Scan Control Zl=l

Mode Channels Z Settinas

L Spntl — Line A:Framel @ Lés[:)el Staczk z
| Objective Lens, Image Size & Line Step Factor ;ew

Closs

Objective | C-Apochromat 4c/1.2 W LV-VIS-NIR R ]
Frame Size 128 | 286 | s12 | 102¢ | ooe8 | P4 |
Opmal | x 512

Speed

Scan Speed IT j I—J— ﬂﬂl

Pixel Time: 1.60 psec Scan Time: 1.2 msec

Pixel Depth, 5can Direction & Scan Average
Mode | Line =
Method | Mean 'l
Scan Direction I — p Number | 1 vl

Data Depth & Bit 12 Bt

T
Zpom I 1 j IJ— ﬂ 1
Rotation [ —— F—»| o
/
Offsat <] ll(-‘\ [\‘l II‘<>"'
[V Feas
Offset X 0.00 um
Offset Y- 0.00 um
Fig. 4-15 Image settings for line scan mode
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2= e Set up scan control (see Fig. 4-16). Open
Voo — B Pinhole to maximum. Set detector gain between
— - U_ - u"se 250 and 300, and laser power to 2 %.
- SO0t)| =— (el :FrameH @ RSE’;H @ Stack m
il
Channels - {:}O
Find
Fast XY
Pirhole [too0 | o = [»] 1 |max] %

Detector Gain
Amplifier Offsst
Amplifier Gain

Excitation

<0

O

Optical slice < 11.8 pm

Line active  Transmission [%]
&Law e [01 | [ »| @

Pinhole & = 11.09 Ainy Units

[ - ——— )
o o >
] ’

Laser
Power

47?nm|Tﬂ_|—ﬂ°
m [ A —— ]
sarm (01 | »| @
561nm|Tj_|—ﬂ°
s [57 A ———— ] o

)

Stop

B

=

Lime el

Fig. 4-16

= Image 1* - AIM

Intensity
250

200 +

150

100

50 4

Channel
reflection

settings for

finding glass

=loix|

0 T T

Intensity Ch2 —

0 20 40 60 80 100 120 140 160 180 200 220

Distance ()

Dizplay

Diagram

i,
=

|Grabhing ‘

Fig. 4-17

Line Scan diagram far away from the

lower cover slip surface

Start scan and press Diagr button (see

Fig. 4-17).

The diagram shows a line with a hill, which is
the result of reflected light not focused yet on
the lower glass surface. You might adjust the
line to lower or higher values by altering the
gain.

B 45-0015 e
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e Move the objective cautiously upward by R
turning the Z focus knob of the microscope 50 o B w—
stand. A lens moving upward will be indicated 0| e e
by increasing numbers in the position field to fﬁ I“
the left of the camera window. 1 — =
o If.the focus position approaches thg Iowe.r cover . 50| [iam
slip surface, the position of the line will shift R
to higher values (see Fig. 4-18).
o)
] T T T T T T T T T T T Save Copy Table
0 20 40 60 @0 I;igt?anclz[am]1 40 160 180 200 220 m
tensity Ch2 — Savels) Save Table
Grabbing | R
Fig. 4-18 Line diagram near the lower cover slip
surface
e Continue cautiously moving upwards. The line

position will reach its maximum (see Fig. 4-19).

Intensity
250

200

100

50 4

0 T

. WW’MWWWWWWMMW

Displaw

o

Intersity Ch2 —

40

E0

T T T T T T T T Save
60 100 120 140 160 180 200 220 m

Distance [um]

[Brabting |

Fig. 4-19

Line diagram at lower cover slip surface
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—— e L e Having cautiously moved over a short distance

Intensity

250

150

100

50 4

200 _WWMM\WW

T,

button.

the line position will
B e minimum and than rise again to a second
maximum (see Fig. 4-20), which corresponds to
the upper cover slip surface has been found.

decline again to a

e Store the reached position using the Store

Now you can position the detection volume into
the sample in a well-defined way: if you use one of
the C-Apochromat water immersion objectives,
position the detection volume 150-200 um deep
into the sample to get rid of disturbing interface

EEH
e effects. The easiest way of doing this is by clicking
o T T T T T T T T T opy Table
0 20 40 &0 80 100 1200 140 160 180 200 220 C‘ the +200 I“m bUtton
Distance um) Save Tb\e
Intensity Ch2 —
|Grabhing ‘ Stop I
Fig. 4-20 Line diagram at upper cover slip surface
#ix| 445  Orienting the Carrier in X and Y
- Press the orientation button . . . .
- Move the stage to the center of a carrier chamber | Db e C(lick on the Orientation button in the X, Y
- Mark the chamber with a mouse click

(Stage) panel

Fig. 4-21 Help window

e Select one of the chambers of the sample for

orientation in x and y.

e Position the center of one chamber over the center of the objective by clicking the arrow keys with the
mouse or by using the control panel's joystick (if available).

e When you have finished the Orientation automatically deactivates. The stage is now oriented.

e Now you can move any chamber into the measurement position by clicking the appropriate field on

the sample carrier.

The selected chamber is then automatically approached via the motorized microscope stage. When the
defined position has been reached, the position of the chamber is displayed in the lower cleft corner in
the Positions panel and is indicated in green.

= By pressing the ? button, a Help window appears (see Fig. 4-21), explaining the work flow for
orienting the Carrier.

4-18
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4.4.6 Measure 20|
I System Configuration Acquisition | Frocessing | Close
The Measure function opens the Measurement
window. It is use‘d for optimizing an existing [Srandor_ 458 ~] oekteX |
method or for creating a new one. S

e Click on the Methods button in the ConfoCor
subordinate toolbar of the Main menu
(see Fig. 4-6).

- The Measurement window will appear (see
Fig. 4-22).

A measurement has three major sections:

- System Configuration. It is used for
defining beam paths and methods and
adjusting the pinholes and collimators.

- Acquisition. It is used for setting the
measurement parameters and positioning
the laser beam in respect to the sample via
the stage or the scanners.

- Processing. It is used for analyzing the data
and how data are handled.

- These major sections are available in
separate  subwindows by clicking the
appropriate  button in the Method
Optimization window.

The following functions are available on the right-
hand side of the Method Measurement window:

(1) Close button

The Measurement window is closed.

(2) Open button

Mone  —

BP 530-E10 IR

Collimator 458 nm - 633 nm I 52

S ——
HFT 488/561/633 N & Excitation E
| Save

Mirrar N _HI Eh2 v IK m
ew

Cross Canelation
T o ot ﬁ
[~ Crass Conelation

Chi - Ch2 start

A

Fig. 4-22 Measurement window

The Select Method window (see Fig. 4-23) will open that allows you to select a predefined method.

Mame | Comment ‘ Category |

Status | User ‘ Date |

Autocorrelation CyS Calibration of channel 1 | Calibration QK.
Autocorrelation RhBG Calibration of channel 2 |Calibration

Crosscarrelation RhG-CyE| Calibration of channel 1| Calibration QK

ZJKLw 01/05/2008 08:45:43 Ah

ZJKLW 01/05/2008 02:44:04 Ap

2l

Fig. 4-23 Select Method window
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(3) Save button

The Save Method window will appear. Saves the optimized or new created measurement method.

(4) Info button

The current Method Information window will appear that inform you on the actual settings of the
method (see Fig. 4-24).

Display - Info

e The Info button is used to open the current Method Information window in which all the relevant
parameters of the method are displayed.

DES: Mirrar

Automatic dust filver: 0ft
Countrate bimming time: 0.001 =
Photon count histogram binming: automatic
Correlator binning time: 0.200 ps

Attenuators:

20 %]
Hethod Autocorralation BheG 2| | Close
Method comment Calibration of channel 2
Modified 01/05/2006 08:28:11 AM
Category Calibration
User ZIKLW Copg &
EeauPath
Channels:
Ch2 Q
Print
Filter:
MBS: HFT 488/561
EFLl: LF 470
EFZ: BEP 530-610 IR —
EF: None

488 nmw: Power: 1.000000 % Bleach power: 0.100000 %
Eleach time: 0.000 =
Measure time: l.000 =
Depeat count: 1
Hinetics count: o
Fit parameters
Channel Z:

Model Type: Correlation

Fit range start time: 0.000=+000

Fit range end time: 1.000e+020

Formala:

Hame:

Terms:

Flaogs: ;I

Fig. 4-24 Method Information window

e With Copy All, the complete parameter set will be copied to the clipboard.

A click on the Print button opens the Print Setup window and allows the parameters of the method to
be printed in the form of a table.
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(5) New button
Opens a new Data Display Window.

(6) Start button
Starts the measuring procedure.

Measurement procedure

After setting the parameters the measurement can be run.

e C(lick on the Start button on the right-hand side of the Measurement window to start the
measurement and data analysis process.

- The FCS data evaluation window will appear.

~icix]
Count Fiate (kHz) Frequency Canelation
250

30000 Diagrams
0 25000 Close l_:
m 20000
20 15000 i (b,

210 10000 Carrelation
5000
200
1o 0 T — T B — T Fit
0,0000.00020.0000.001 0.002 0.0050.0100.02  0.05 0.10
180 Fulse distance [ms) &
Coincidence
170 —
Frequenc,
160 T T . M e =
1 2 3 4 5 3 7 8 3 1500
Time (3) [m]
1000 Save Data

Save Table

20 3 50 100 200300 500 | GopyTaple
Count Rats (kHz)

g
Do —
o
=
= 8
=
H gl

1e06 0000001 00007 0.001 [ulny} 01 1
Number|  Date Time Repetition | Correlation| Offset | Background | Amplitude Amplitude Tripl=y Copy Graphs
Offset | Background | Number particles | Geometric carrection | Fract Q‘m
.......... . ] Export
7 1 —
V2 2
I3 3 4/6/2001 16:28:40 3 1100 1.000 1.000 9969 1.000 64 Reuse
5 4 4/6/2001 16:28:50 4 1107 1.000 1.000 9352 1.000 60
v & 4/6/2001 | 16:29.01 5 1.081 1.000 1.000 12,359 1.000 64 Relnad
i [ 4/6/2001 16:2411 B 1.0498 1.000 1.000 10.402 1.000 62 |—
I 7 4/6/2001 16:29:21 ? 1124 1.000 1.000 8069 1.000 58 i |
v 8 4/6/2001 16:29:31 a 1125 1.000 1.000 74973 1.000 64 Info
5 9 4/6/2001 16:29:41 9 1126 1.000 1.000 7947 1.000 61_|
V10 4/6/2001 16:29:51 1 1121 1.000 1.000 8279 1.000 62
v IH 4/6/2001 | 16:2820 | average 1315 | _|LI
Kl 3

|Ficady

Fig. 4-25 FCS data evaluation window

Iy  The further procedure will be explained in section 4.5, Data Evaluation and Result Presentation
for FCS Measurements.
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(7) Single button

Starts a single measurement with the current settings.

(8) Stop button

Ends the measuring procedure.

| Channel 2

96.0

o ]
1

1 1 1 1 T T 1
100 100 1k 10k 100k 1M 10M

Unit M Average O I 1s 3z | 1Ds|
Display I Count rate Correlation | Eountsfmoleculel

=10l x|

Lloze

Fig. 4-26 Count rate window

(b) Unit
Selecting the unit Hz or kHz.

(c) Average
Averaging after 1's, 10 s or Off.

(d) Display

(9) Count rate button
Opens the Count rate window (see Fig. 4-26).

(a) Count rate window

e Click on the Count rate button on the right-
hand side to open the Count rate window.

In two Channel and one Correlation panels, the
Count rate window shows the values for Count
rate, Correlation or Counts/ Molecule depending
on the activated Display button.

The Channel panels and the Correlation panel
feature a big display field for the count rate and, at
the underside, a scale allowing the measuring
range for the displayed count rate to be read from
a colored bar. A click on one of the four arrow
buttons permits the measuring range display to be
narrowed or widened.

The buttons in the lower range of the Count rate
window have the following functions:

Selecting one of the display modes Count rate, Correlation or Counts / Molecule. The arrow buttons

allow to adjust the scale bar range.
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(10) X.Y.Z buttons
Opens the X,Y,Z-Scan window (see Fig. 4-27) for performing a X,Y,Z-scan.

(@) X,Y.,Z-Scan for positioning the focus within structured samples

To make the positioning of the detection volume easier, the ConfoCor 3 is provided with a X,Y,Z-Scan
possibility.

This means, that the focus is moved in either the X, Y, or Z direction over a preselected distance while the
count rate in one or both of the detection channels as defined by the channel check boxes is recorded. A
maximum (or minimum) in the resulting curve (Fig. 4-28) usually indicates a region of interest. The focus
can be positioned to this region by a simple mouse click.

e Click on the X,Y,Z-Scan button on the right-hand side of the Method Optimization window.
- The X,Y,Z-Scan operating window appears on the screen (Fig. 4-27).

I * Stage Close

| % [x-v]| v [v-z] =z

v z Start
Current pagition [pm] I a I 1] I a
Statpostionfum) | 8 = [ w0 = [ &0 =
Endposion(un) | 50 —— [ 0 = [ = =
Step distance [pm) I 10 ﬂ I 10 i’ | 10 ﬂ

Fig. 4-27 X,Y,Z-Scan operating window

(b) For X,Y,Z-Scanning proceed as follows:
e Press the VIS button.
e Position the object in X and Y.

e Find the upper cover slip surface (interface between the glass and the cell) by carefully focusing the
objective.

e Switch to the FCS mode by clicking on the FCS button in the Analysis subordinate toolbar.

The next steps depend on whether you already have a functional measurement method for your
particular problem or not.

e If you already have a functional method: Select the method first using the Select Method button in
the Analyse FCS subordinate toolbar of the Main menu.

¢ If you do not have a functional method: Create a new method.

e Select the Channel, Start and End position and the Number of positions.
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e Clicking on Start opens a new window showing a count rate graph (Fig. 4-28).

Z-S5can

Count Fate (kHz) Cloze
100 o ;

30 4

20 4

70 A

B0 4

50 4

oooo o000 0002 0003 0004 0005 OO0 0007 000 0003 omao
Pazitian [mrm)

Fig. 4-28 Z-Scan result window

When the scan has been finished, a vertical red line appears at the current position. This line can be
dragged with the mouse when the left button is held down.

e Position the vertical red line where the focus should be placed by using the mouse in case of a z-Scan,
or where the sample should be positioned in x ory.

e Then close the window with Close. The Refresh Positions button will actualize the current position if
pressed.

3> Please note, that X, Y scans are performed by the stage regardless if the Scanner button is
pressed or not.

Copy data to clipboard The data of the X,Y,Z-Scan result window can be
copied to the clipboard via the context menu or

Export data to file saved directly as an ASCII file.

Fig. 4-29 Context menu of the e Click in the X,Y,Z-Scan result window with the
X,Y.Z-Scan result window right mouse button to open the context menu.

e Select the line Copy data to clipboard with a
click of the mouse if you want to insert the data
into other WINDOWS programs directly via the
clipboard. The Paste function enables you to
insert these data directly into the required
program.

e Select Export data to file to save the data in
an external ASCII file (.txt).
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4.4.7 System Configuration

e Click on the System Configuration button on top of the Measurement window (Fig. 4-22).

- The System Configuration subwindow appears on the screen.

4471 Beam Path Panel

The Beam Path panel allows new / existing beam path configurations to be created / edited and saved.
The Delete function enables you to delete existing beam paths.

e Click on the System Configuration button in the Measurement window
- The Beam Path window will be displayed as the upper submenu.

e When the beam path definition is finished, you can use the buttons on the right to start a task.

Beam Path

| Standard_488 | Detete D€ |

Sample

\ HFT | o
HFT 488/561/633 Excitation

\ IBF |

Hone

EP 530-6101R

NFT '
‘ | Mirrar N M Ehis v IFlhEiG

[~ Cross Correlation
Cha -» Chl

r Cross Correlation
Emission filter | Chi - Ch2

Ch1|_|—

Fig. 4-30 ConfoCor - Beam Path panel
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(1) Loading a predefined beam path

In the Beam Path panel you can select a saved beam path configuration by the drop down menu. The
selected beam path will be shown as a drawing. The delete button will delete the selected beam path.

If a two-channel beam path is selected, you can activate / deactivate both the channels to be used and
the calculation of the cross correlation. You can obtain cross-correlation curves by either shifting channel
1 versus channel 2 (Ch1 ->2) or channel 2 versus channel 1 (Ch2->1).

e Select a corresponding beam path from the Beam Path list box.

e Activate / deactivate the channels and the cross correlation function via the appropriate check boxes.

= It is possible to define a new beam path or edit a loaded beam path in this menu. If a new
settings are required, please select the correct filters and beam splitters, press Save, select
Only beam path, make the appropriate entries for Name and press Ok. Once a new beam
path is ready, it can be immediately used in the Measurement window.

(2) Define a beam path

(a) Light path definition

The following filter and dichroics can be set.

BI button

Activation / deactivation of a main dichroic beam splitter (HFT) through selection from the relevant list
box (see Fig. 4-30). The HFT reflects the specified laser lines and allows the resulting fluorescence
spectrum to pass through. Note that the HFT is from the LSM module.

EI button

Activation / deactivation of secondary dichroic beam splitter (NFT) through selection from the relevant list
box (see Fig. 4-30). The NFT splits the fluorescence spectrum onto the various detection channels.

ﬂ button

Activation / deactivation of an infrared blocking filter (IBF) through selection from the relevant list box
(see Fig. 4-30). The IBF is used to block any IR excitation light in NLO applications.

ll button

Activation / deactivation of an emission filter (EF) or infrared blocking filter (IBF) through selection from
the relevant list box (Fig. 4-30). The EF is used to narrow the fluorescence spectrum. The bandpass (BP)
allows the range within the specified border wavelengths to pass through. The longpass (LP) allows the
range above the specified border wavelength to pass through. TH short pass (KP) allows the range below
the specified border wavelength to pass through.

4-26 B 45-0015 e 03/06



OPERATION OF CONFOCOR 3 IN EXPERT MODE
ConfoCor 3 ConfoCor Menu for ConfoCor 3 Carl Zeiss

Channel check boxes
Selection of the channels to be used:
- Ch1 and Ch2 are physical channels for auto-correlation

- Ch2 - Ch1 and Ch1 — Ch2 are software channels for cross-correlation

Ch1 / Ch2 input boxes

For entering of a special comment (e.g. used dye).

Save button

For saving the new or edited configuration.

Delete button

Deletion of an existing configuration.

(b) Laser definition : -
ADTF Dampening Factor [%) & o
Press the Excitation button and the laser control [0 o= |»| 1| —

window will appear. It consists of two panels, one

for the laser settings that will be used for the Measurement / Pinhole Adjustment

measurement and pinhole adjustment and the r-.r ¥ O O F I

second for those used for the pre-bleach (see L L

Flg 4-31 ) Line Tranzmission [%] Laser Power
saem [ 02 4|71 | e

1y Note, that lasers for measurements and 633rm | 05 | 4| —| e

pre-bleach can be selected independently
from each other.

Pre-Bleach
The Excitation panel qllows to activate / deacti- - r r r F r r
vate the wavelengths via check boxes and to set 458 477 488 514 561 B33 800
the requested laser attenuation (%) using the lre  Teansmision 2] T
sliders and by choosing the power attenuation in : i

SE1nmi 5 4| T M
the selection box. ! 4 - -
In the AOTF Dampening Factor (%) box the
AOTF can be set to suppress the laser light over all
by a factor of 1, 10, 100 and 1000 fold by moving

Fig. 4-31 Laser attenuation window

the slider to the respective dampening factor of a
100, 10, 1 an 0.1, respectively.

15y If Automatic laser dampening is activated under FCS Settings, the range of available
attenuation is increased to lower power settings. In this case the AOTF Dampening Factor (%)
box is not displayed. If Automatic laser dampening is not activated under FCS Settings, the
AOTF Dampening Factor (%) box is displayed. Any change in one of the dampening boxes is
updated in the other.
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X Furthermore you can open the Laser Control
window via Laser button to switch on/off the
Lase U ] Ehe necessary lasers.
Enf;;w or e Activate / deactivate the laser line via mouse
HeMeg33 On CliCk.
e If necessary switch on/ off the lasers using the
_ Laser button. When finished, close the Laser
I awirnunm F'o.wer: 30.0 mw n ContrOI WindOW.
W avelength: AR8, 477 488 514 nm O
?tab“‘“c i 2‘;*':” Standhy e Set the laser attenuation using the sliders. For
ot ¢4 ' Iﬁj , r this purpose, open the Count rate window by
R = clicking the Count rate button on the right-
hand side of the Measurement window.
Fig.4-32  Laser control window A good starting point is to set the intensity in such
a way that a count rate between 50 kHz and
200 kHz is obtained.
=10l x| e For most dyes, the Counts/Molecule setting

| Channel 2

96.0

Lloze

. | - II [ i [ |-| T ! - I ’l
1 100 100 1k 10k 100k 1M 10M
Unit M Average O I 1s 3z | 1Ds|
Dizplay I Court rate Carrelation | Eountsfmoleculel
Fig. 4-33 Count rate window

should be optimized in a second step to a value
just under its maximum by changing the laser
power.

If carriers of different slide thickness are employed
the Counts / Molecule setting should be optimized
by using the correction ring on the lens.

The correction ring is turned counterclockwise or
clockwise until a maximum value is obtained. The
correction ring should also be used for adjusting
the Counts/Molecule setting whenever the
immersion media is changed. This is especially
important in cases where the refractive index of
the immersion media is different from that of the
sample.

e \When finished, close the Count Rate window
using the Close button.
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The Close button will close the Laser attenuation 2|
WindOW and returns to the Beam Path pane|. ISystem Configuration Acquisition | Processing | Clase
The Laser button will open the Laser control
window (see Fig. 4-32). The Lasers panel shows | Standard 433 =] peeeX |
the types, excitation wavelengths and operating Ll | Open
statuses of the lasers available. |
HFT 488/561/633 N &Excitahon Q
The subordinate laser settings panel shows the e .
relevant and currently set Maximum Power, Nore s &
Wavelength, Status, Tube Current and T EPSIENR
Output [%] values of the current laser. The Hirar N I | S ) T m
buttons On, Off and Standby permit the current - - GoxsCardton
laser to be set in the required status, and the laser co i @
intensity (Output) can be set using the slider or T oo Stat
the input box. The name of the selected laser s B
. . . Single
(Argon, HeNel or HeNe2) is displayed in the
headline of this setting panel for checking. @
op
e Click on the Laser button in the ConfoCor 3 EII%TEL
subordinate toolbar. =
- This opens the Laser Control window, e
which shows all lasers connected to the
system. Collmator 458rm-633rm [~ 52
When the setting of the required lasers has been o [
finished, the Laser Control window can be closed et
again.
. Fig. 4-34 Measurement window with System
e Click on the Close button to close the Laser g Configuration panel activatedy

Control window.

— The Laser Control window will be closed.

Lasers panel (upper)

List of available lasers, including the display of relevant wavelengths and switching status. Selection of the
laser to be switched on / off and setting of the laser output is performed in the subordinate setting panel.

Laser settings panel (lower)

Switch on / off the required laser or set Standby operation. Display Maximum Power, Wavelength, Status
and Tube Current (only Enterprise and Argon) of the relevant laser. Set the laser output for Argon.
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(c) Settings
e Click on the desired laser on the (upper) Lasers panel.

- This highlights the selected laser.
On the lower panel of the Laser Control window, activate the laser as follows:

This applies to the Ar-multiline laser:
e Click on the Standby button.
- Wait for the laser to heat up, until the Status ready - Standby message appears.
e Click on the On button.
— Status ready - On appears.
e Use the Output [%] slider to set the laser power which is ideal for the measurement job.
Thus, the laser needed for image acquisition is available.
e Set output between 25 and 100 % of the maximum tube current.

- Optimum operation is at 8 A (lowest laser noise). However, the laser life is reduced if the laser is
constantly operated at 8 A. Therefore, 8 A should be used only if this is absolutely necessary.

This applies to HeNe lasers:
o After selecting the laser, click on the On button.
- The required laser for image acquisition is now available.

e You can switch on an off lasers and set the tube current if applicable.

15y Note that the Argon laser must be first set into standby and after warming can be switched on.
The Close button returns to the Laser attenuation window.

(d) Procedure for defining a new beam path configuration
e First tick the laser or lasers (in case of cross -correlation) you need for excitation of your sample.

e Then choose a (main) dichroic beam splitter which should correspond to the chosen laser(s). Click on

the Beam Splitter symbol EI and a list box will appear. Then click on the beam splitter you need.

e Select an infrared block filter in case you need one with NLO applications by clicking on the
corresponding :I button.

= Please note that you can use IR lasers for FCS, there is, however, no specifications for the
performance of the instrument for these excitation.
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e Select the second beam splitter in a similar way

to the first one.

Beam Path

j Delelex |

. . Sample
- For cross correlation, choose an appropriate
filter like the NFT 488/633 beam splitter.
. . HFT 488/561/633 N &Excitation[
— For auto correlation measurements in
detection channel 1select Plate in the
. i mmm [EG3Y
second beam splitter position. oz [—
mmm Black plate
- All auto correlation measurements in == KF G50 IR
Ch 2
detection channel 2select Mirror in the NFT 833 N L Nore | @ [rre
second beam splitter position. == KPEI0IR _
I Crozs Cormrelation
=== None Ch2 -» Chl
KP 575 1R Crasss Correlati
i M Gsche
mmm  [one
[T ™' Fs
Fig. 4-35 IBF Infrared Filter list box open
Beam Path
I j Deletex |
Sample
1
HFT 488/561/633 N &Eﬂcilali0n|
Hone s
~  BPE530EI0IR
NFT 635 N N nFTagn | Bh2 5 IF”‘BG
N NFT 500
I Crozz Cormelation
N NET 515 Ch2 -» Chi
W ELC:lSS Ccoﬁzelation
N NFT 545 ?
Ch1
N NFT 565 W |cys
N NFT 590
N NFT 50D
W_N NFT KP 545
N T 50450
N Flate
N Mirrar
Fig. 4-36 NFT Secondary Beam Splitter list box
open
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Beam Path

| =] peeeX | e C(lick on the Emission Filter symbol(s) ll to
Sample get the list box allowing you to select the

emission filters you need.
HFT 488/561/633 N &Excitation|

Mone  m—

MNFT 635 N

BP 530610 IR

Ch2
v IHhBG

= Frees Coprelation
LP470  Fhl
el ation
LPEOS  [h2

=

,_
[=
m
]
al

EP 505-540 1R

=

I e —————— | —— | ——]

EP 530575 IR

EP 530-B101R

EF BEO-E10 IR

LP 530

EP 580-610 1R

LP 520
EP 615-680 IR

EP E55-7101R

L - —— _—

Fig. 4-37 Emission Filter 1 list box open

Beam Path

e |t is recommended to give the channel a name
| =] pekieX | which is easy to remember.

Sample

HFT 438/561/633 N & Excitation|

Mone  m—

MNFT B35 N

BF 530610 1R
BP 375-445 R

=

BF 420-475 IR

orrelation
BP 470-435 IR Chi

orrelation

LP 470 Th2

—
0
m
o
o

BP 470540 IR [~

=

e I ] e e ] ] ) ] I — —

BF 470E101R

BF 505540 IR

BF 505-E101R
LP 505

LP 530

LF 520
LP E55

KF ERO IR

Fig. 4-38 Emission Filter 2 list box open
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(e) Save anew beam path configuration

] I
Cancel |

e C(Click the Save button to save the new beam
path.

- The Save Beam Path window appears.
- Activate Only Beam Path

e Choose a memorable name for the new beam Fig. 4-39 Save Beam Path window
path which you are likely to remember.

e Click on OK to save the new beam path.

I3  Before you can use a newly defined beam path, you have to adjust the pinhole(s) for this
particular beam path.

(f) Delete a beam path configuration

A no longer required beam path can be deleted as follows:

e Select the configuration to be deleted from the Beam Path selection box.

e Click on the Delete button. Confirm the deleting in the following window by clicking OK.

e A beam path can only be deleted if it is not used by any method. If you intend to delete such a beam
path, you will have to delete the corresponding method first.

(g) Pinhole panel

The Pinhole panel (Fig. 4-40) allows you to set the o | s
pinhole diameter. It also displays the current
Collimator position. The wavelength window for
the respective Collimator is indicated to the left of
the position window.

Finhole & = 1.05 Airy Units Latest Adjustment : 02/01,/2006 08:50:24 AM

Collimator 405 nm - 633 nm I 18
Collimator 405 nm - 633 nm I 41 o
(h) Pinhole Diameter Adjust

In the Pinhole panel you can set the pinhole
diameters for channel 4 of the LSM using the slider
or the input box (see Fig. 4-40).

Fig. 4-40 Pinhole panel for ConfoCor 3

e |t is recommended to set the pinhole diameter to a size corresponding to the used excitation
wavelength that corresponds to 1 AIRY unit:
458 nm 66 um
488 nm 70 um
514 nm 74 ym
543 nm 78 pm
633 nm 90 pm

I¥3>  Pinhole sizes are given in um and AIRY units.
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20 () Pinhole Adjustment and Collimator
[AdjustPinhole Coordinates | /NS Settings

irhole ¥ Channel 1 | Flos=

il € Channel 2 g Pressing the Adjust button will open the Pinhole

Dismeter ) 4 T | Mo and Collimator Adjustment window. The

Auto Adiuat x| v |comser window has two panels, one for pinhole

i o =5 = adjustment (upper) and one for the collimator

settings (lower) (see Fig. 4-41).
[Adjust Collimator |
458 -E33m 4| T [ NER

Fig. 4-41 Pinhole and Collimator Adjustment
window

4438 Adjust Pinhole Coordinate Panel

The pinhole is adjusted using a dye solution. The general approach is to move the pinhole cyclically in x
and y until the intensity maximum is found. For each excitation wavelength a suitable dye must be used.
We recommend:

— Rhodamine 6G for 458, 488 and 514 nm
- Tetra-Methyl-Rhodamine (TMR) for 543 nm and
- Cy5for 633 nm.

It is also recommended to work with a relatively concentrated solution (10° mol) and low laser power to
achieve smooth intensity curves.

Beam Path e Click on the Adjust button in the Pinhole
[ standard_sss =] el | panel of the Measurement window.

Sample

- This opens the Pinholes and Collimator

& Adjustment window.
HFT 488/561/633 Excitation . . .
E 4| e Click on the Close button to quit the window.

Mone — m—

EP B30-6101R

. Ch2
Mirer N H | W [pres 4.4.8.1 Beam Path Panel

Cross Comelation .
™ s om Here you can select the beam path for pinhole

|| e S adjustment. The date of the last pinhole
adjustment is shown in the Last Adjustment

*lr | display box.
e Select the beam path in the selection box.

- The selected beam path appears in a
drawing.

- For the definition of a new beam path, see

Fig. 4-42  Beam Path panel section 4.4.7 System Configuration.
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4482  Adjust Coordinates Panel
Pinhole ™ Channel 2

The Adjust Coordinates panel is used to adjust @ D=

the pinhole of channel 4 of the LSM. Adjustment Diameter fum) 4] | | Dcn

can be performed manually or automatically. o A (I
Manual adjustment is not recommended, since the AT percel |

H
relevant procedure is very complex. Pasition [ o iﬂ 0 il

I¥"  Please note that there is only 1 pinhole
for both channels. You can adjust the
pinhole to either channel. The values for
the pinhole alignment done with the last
channel will be stored and used.

Fig. 4-43 Adjust Coordinates panel

Following functions are available:

Pinhole

Selection of the channel for adjustment.

Diameter

Setting of pinhole diameter to the used wavelength (see Fig. 4-43).

Auto Adjust buttons:

- Xfine / X coarse
Starts the automatic coarse or fine adjustment for X direction depending on the
activation / deactivation of the Coarse check box.

- Y fine / Y coarse
Starts the automatic coarse or fine adjustment for Y direction depending on the
activation / deactivation of the Coarse check box.

Iy-  Z-positions can be changed by altering the Collimator position

Coarse check box

If ticked, the coarse adjustment for X or Y is performed, if not ticked, the fine adjustment for X or Y is
performed.

Position input boxes

Display / input of the pinhole position in X and Y.
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Measurement / Pinhole Adjustment

r.-.cCc ~ - ¥
458 477 483 514 BE1 B33 HO0

Line Transmizsion [%] Lazer Power

sgaem [ 02 47 | e

63nom | 04 4| | e
Fig. 4-44 Laser control window for measure-

ments and pinhole adjustment

Carrier Position

Y Carier |3 HUNC
i
Carrier Pasition I A1

Fig. 4-45 Carrier Position panel

To adjust the pinhole proceed as follows:

4.4.8.3 Excitation Panel

The  Excitation panel allows you to
activate / deactivate the wavelengths via check
boxes and to set the laser attenuation (%) using
the sliders. Furthermore you can open the Laser
Control window via Excitation button to switch
on / off the necessary lasers (see Fig. 4-42).

The AOTF Dampening Factor (%) display box
allows you to reduce the overall power by factors
of 1, 10, 100 and 1000.

4.4.8.4 Carrier Position Panel

In the Carrier and the Position display boxes, the
carrier and the currently selected position are
shown.

If the carrier or the position have to be changed for
adjustment use, the Carrier button to open the
Carrier Position panel (see Fig. 4-6).

e Mount a carrier with a suitable dye solution and orient the sample stage as described in section 4.4.1

Open File.

e Click the Adjust button in the Pinhole panel of the Measurement window. The Measurement /
Pinhole Adjustment window will appear (Fig. 4-44).

In the Beam Path panel of the Measurement window you will see a drawing of the current beam path.
Select the beam path you want to adjust in the Beam Path selection box in the Beam Path panel of the

Measurement window.

e Select the test sample. Click on the Sample Carrier button in the Positions panel of the Acquire

window. Then select the sample by mouse click.

e Use the slider in the Laser Control window to set the laser intensity to minimum.

e Click on the Count Rate button at the right-hand side. This will open the Count Rate window.

e Then cautiously increase the laser intensity until a count rate of about 100 kHz is indicated.

e Close the Count Rate window.

e Set the pinhole diameter to a size corresponding to the used excitation wavelength:

458 nm 66 pm
488 nm 70 ym
514 nm 74 um
543 nm 78 ym
633 nm 90 um
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e Select the pinhole you want to adjust by clicking on the corresponding Ch1 or Ch2 radio button in the
Adjust Pinholes Coordinates panel of the window.

15y In the case of a cross correlation beam path, adjust the one pinhole to either of the two
channels.

Each of the pinhole axes must be adjusted separately. If the Coarse check box is activated, the
corresponding axis buttons will be labeled X Coarse and Y Coarse respectively and the pinhole will travel
over the maximum range for each axis.

If the Coarse check box is deactivated, the buttons will be labeled X Fine and Y Fine respectively. In this
case the pinhole travel will be limited to speed up adjustment.

15y If the pinholes are adjusted for the first time, the coarse adjustment must be performed first and
then the fine adjustment, each time for X, Y and Z (only coarse). For subsequent readjustments,
the fine adjustment is normally sufficient.

e Perform the pinhole adjustment in the following sequence:
X fine; Y fine

If one of the above buttons, e.g. X Coarse or X Fine etc., is clicked, the instrument will behave as
follows:

- The Automatic Pinhole Adjustment window will appear (Fig. 4-46). It is possible to exit the
process using the Cancel button. When the process is finished, quit with OK.

- In the Count Rate/Position diagram, the black line corresponds to the measured intensity (count
rate). The red line corresponds to the intensity curve fitted from it to find the optimum pinhole

position.
Automatic Pinhole Adjustment E
%
Count Rake (kHz) : Ok
250
90 A
80 Cancel

70

60 4

50 4

225 230 23 240 245 250 255 260 265 270
Poszition

Fig. 4-46 Automatic Pinhole Adjustment

e Repeat the procedure for all axes.
e You will find peaks for x-Coarse, and y-coarse, in any case.

e A click with the right mouse button on the diagram opens the context menu. Selection of the option
Copy to clipboard or Export data to file permits the data to be copied to the clipboard or saved
directly in an ASCII file.

When the whole pinhole adjustment is completed, close the dialog with Close.

I3>  You might be able to increase count rate by adjusting the collimator in the Adjust Collimator
The position of the collimator influence the z-settings.
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449  Adjust Collimator Panel
458 rm-E33nm 4 T | DIER

The Adjust Collimator panel permits the setting
of the collimator for FCS measurements.

Under normal conditions, the collimator settings
Fig. 4-47 Adjust Collimator panel should not be changed.

In some cases when the pinhole is close to the limit
of the pinhole range for a certain wavelength it
might be useful to alter the collimator settings
carefully.

I¥>  This function should be used with extreme care. An unsuitable collimator setting can render the
pinhole adjustment impossible.

e To change the collimator setting, click the Adjust button in the Pinhole panel of the Measurement
window (see Fig. 4-49).

e The Collimator tab will appear in the Adjust Collimator panel.

Now the new collimator settings for the Collimator VIS or Collimator IR (if applicable) can be entered

either by drawing the slider, clicking on the arrows or directly entering a new number.

= If the collimator setting is changed, an information is given indicating the previous position as
long as the x and y coordinates of the pinholes are not changed.

=10 x| e Set the laser attenuation using the sliders. For
[Channetz this purpose, open the Count rate window by
Flose clicking the Count rate button on the right-

hand side of the Count rate window.

A good starting point is to set the intensity in such

a way that a count rate between 50 kHz and

200 kHz is obtained.

e For most dyes, the Counts/Molecule setting
[ | should be optimized in a second step to a value

just under its maximum by changing the laser

power.

If carriers of different slide thickness are employed

ag IR the Counts / Molecule setting should be optimized
bt e e ek ikl i by using the correction ring on the lens.

unt_He [tz aveage it [ 1535 | 10| The correction ring is turned counterclockwise or

Display | Count ate Comelation | Counts / molecule | clockwise until a maximum value is obtained. The

correction ring should also be used for adjusting
the Counts/Molecule setting whenever the
immersion media is changed. This is especially
important in cases where the refractive index of
the immersion media is different from that of the
sample.

Fig. 4-48 Count rate window

e \When finished, close the Count Rate window
using the Close button.
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4410  Acquisition 2]
I System Conﬁgurationl Acguisition Processing Close
e Click on the Acquisition button on top of the T S
Measurement WIndOW Bleach Time [z] Measzure Time (2] Fepeat Count W
— The Acquisition subwindow appears on the i 1o ! Methods
screen. E
¥ UseKinetics  Calculated Duration | 10z S5
Pint ta point time MHumber Shape i
0.000 1 | const e | [GKTE = Info
4'4'10'1 Times Panel Current Paosition Sample Carrier LSM Image m
In the Times panel you can set the values for the i
Bleach Time, Measure Time and Repeat Count Adust | | Star |

(see Fig. 4-50).

Bleach Time:

Bleach Time is the time prior to the measuring
procedure during which the laser already has an
effect on the sample. The Bleach Time is taken
into consideration only once (at the beginning of a
measuring cycle).

Measure Time:

Measure Time is the period of one measurement.

Repeat Count:

The Repeat Count value determines the number
of measurements, i. e. how often Measure Time
is to be performed in a row.

e Set the Bleach Time.

Start with the Bleach Time of 0 s. If the signal
decreases during the subsequent measurement,
this might be caused by bleaching, as a remedy,
you can prebleach the sample before
measurement by setting the Bleach Time to a
non-zero value. If no laser check box was
activated, no bleaching occurs, but the
measurement will be delayed for the bleach
time. Bleaching occurs with the lasers checked
and the power defined by the AOTF setting
under  System configuration in the
Measurement. If the box is checked, the laser
power defined by the slider is used for each
selected laser.

Santer IXYStage Fiezo Stage

Step j_'i ﬂ 1 (]
Speed | 2 'l I X:0.000 Y:0.000

Fig. 4-49 Measurement window, Application

Times
Bleach Time [2] Measure Time (3] Fiepeat Count
0.000 10,000 1
Fig. 4-50 Times panel
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e Set the Measure Time.
If you do not have any idea about the behavior of your sample, start with a measurement time of
about 20 seconds. Depending on the signal-to-noise ratio of your correlation curve, decrease or
increase the measurement time. Apart from that, set the measurement time to the correct value right
from the beginning. As a rule of thumb, the measurement time should be a 1000 fold the diffusion
time of your molecule under investigation.

e Set the Repeat Count.
Start with Repeat Count set to 1. If you want to obtain information about the variation of your fitted
values later on, increase the repeat count to produce a measurement series. 10 times is a good value
to start with

| kinetis | 4.4.10.2  Kinetics Panel

¥ UseKiretics  Caleulated Duration | 10 . . . .
Foint ko point time Mumber Shape Summand In the Klnetlcs panel you can set klnethS
0.000 1 [(inear 5| AL = parameters.

Fig. 4-51 Kinetics panel o ) ) .
e If a kinetics measurement is required, tick the

Kinetics check box.

The input boxes Point to Point time, Number, Shape and Void (const. Shape) / Summand (linear
shape) / Factor (exponential shape) permit entry of the time spacing between consecutive and the
number of measurements.

15y Please note that the hierarchy in which measurements are performed is channel — repetition —
position — kinetics. For example all the selected chambers or positions are measured once in one
cycle in the determined order. We will refer to a cycle as the period between the start and end
of a measurement including all positions.

Depending on these four parameters, The total measurement time, including the time the system needs
to change position, will be displayed in the Calculated Duration display box.

(1y Note, if the Point to Point time is chosen too short compared to the needed measurement
time, for example only 1 s if the measurement time is 10 s with 1 repetition selected, than the
system will automatically calculate the minimal needed Point to Point time, in the example
10s.

The Number box allows you to select, how many cycles you want to perform. One cycle consists of the
measurement protocol defined in the times window and the repeats for all positions.

The Shape and Void / Summand / Factor selection boxes allow you to choose from three possibilities
of distributing the time spacing between single consecutive cycles.
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const:

The period between two successive measuring cycles is constant and will be exactly the time selected in
the Point to Point time selection box. For example, if 20 is selected, the start of each measurement
cycle is delayed by 20 s from the end of the previous one. In this case the Void / Summand / Factor box
is void and inactive.

Definition of variables:

Point to Point time of the measurement = p, (given start value=p,)

Start time of the measurement: p,

Number of cycles: n

The cycle count =i (note: i starts with 0; so for first cycle i = 0; or general i = n-1)
Summand/factor = f

With the definition of variables for const: p.=p;; p, =i xp, i>0

lin:

The period between two successive measuring cycles as specified in the Point to Point time selection
box is increased linearly by a summand of which the initial value is defined in the Summand selection
box. With the definitions of variables: p=p+(i-1) x f; p, = i x p, + (i-1) x f; i>0

exp:

The period between two successive measuring cycles as specified in the Point to Point time selection
box is increased by an exponential factor of which the initial base is defined in the Factor selection box.

= Note, that the first measurement is therefore assigned a 0 for the exponent.

With the definitions of variables: p,= p, x "', p,,= p, x (f"); i> 0

e Enter the time spacing you want to start with in the Point to Point time input box of your kinetics
measurement.

e Enter the number of repeated cycles in the Number box
¢ In the Shape selection box, set one of the shape options const, lin or exp.

e Enter a number in the Summand/Factor selection box.

= Note, if const was selected, the Summand/Factor selection box is inactivated (void).
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Current Pozition Sample Carmier LSk Image
Mumber # () 5 [pm) Z [pm) @
Select
L
Add Pos
|
Del Fos
el List
Iark Poz
A1 Stage IF'iezo Stage
Step j_l— ﬂl 1 um

I X:-119.669 Y:182.653

Fig. 4-52 Positions panel with LSM image mode
activated
1 Stage IF'iezo Stage
Step h ﬂl 1 pm

I ¥:-119.669 Y:182.653

Fig. 4-53 Positions panel, Scanner

4.4.10.3 Positions Panel

In the Positions panel you can select the carrier
and the sample position by the stage or by the
scanners.

4.4.10.4 Moving the Scan Mirrors

To activate scanner positioning press the Scanner
button at the bottom of the panel. The Scanner
Control options will appear (see Fig. 4-53).

e Move the scanning mirrors in the appropriate
position by clicking on the arrow keys.

Each mouse click moves the scanners in the
appropriate direction by one step.

e Set the required step width via the Step slider
or the relevant input box.

The position of the scanner is indicated in the
lower X,Y display box.

15y If the Scanner button is activated, all positioning will be done via the scanning mirrors.
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4.410.5 Moving the Microscope Stage

Scanner IWStage Fieza Stage

To activate stage positioning click on the XY Stage
button. In this case the stage control options will

be available (see Fig. 4-54). see 4| [T [ 1

e Move the stage in the appropriate position by Speed [2 =] | #:-7-00077:4.000
clicking on the arrow keys.

Fig. 4-54 Positions panel, XY Stage
Each mouse click moves the microscope stage in
the appropriate direction by one step.

e Set the required step width via the Step slider or the relevant input box.

The travel speed of the microscope stage can be set to steps 1, 2 and 3.
Step 2 is preferably used for standard positioning.

Step 1 (slow speed) should only be used for very precise positioning, since positioning for longer paths
requires more time.

Step 3 is suitable if large vessels are used, since precise center positioning only plays a minor role in such
cases.

e Select the required travel speed of the microscope stage via the Speed selection box.

3>  When the required chamber is approached by activation of the arrow keys, the relevant
chamber is displayed in white with a black frame, since normally the defined position cannot be
set in this way.

3>  If the Piezo Stage Option has been chosen the Piezo Stage instead of the normal XY stage will
be used.

15y If the XY Stage button is activated, all positioning will be done via the scanning stage.

There are three ways to position the laser beam with respect to the sample by pressing either of the
following buttons:

e Current Position: no automated positioning possible. Sample has to be manually positioned in
respect to the laser beam

e Sample Carrier: automated positioning used for maneuvering between wells of a carrier

e LSM image: automated positioning using an LSM image
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4.4.10.6 Current Position

- If the Current Position is pressed, The Positions panel changes to allow to activate the Crosshair
function. If you press the Crosshair button, a crosshair will be displayed in a scanned image. You
can position the crosshair by clicking into the image with the left mouse button. You can inactivate
the crosshair if you press the Crosshair button again. You can lock that position by pressing the
Lock button. Pressing the Lock button again, will unlock the crosshair.

- When using this method, FCS measurements are performed on a fixed position with parked
scanners and without automatic table movement. In this case the structure of interest must be
moved to the position manually under LSM control prior to FCS measurements.

3> The crosshair serves only the function to mark a site of interest. But the laser will stay with the
scanning mirrors parked. If you want to measure with stage movement, the crosshair can be
used to indicate the position of the laser, and the site of interest can be moved beneath it.

4.4.10.7 Using the Crosshair Function

Current Position Sample Carrier L5H Image

In this mode you have to position your sample
manually.

e Activate the current pos button via mouse click
and click into the image.

- The crosshair appears in the LSM scan
image. Place the cross at the position, where
the Laser beam is positioned as determined
in section 4.4.7 System Configuration. We
recommend that having set the crosshair you
do not close that Scan window. Then the
crosshair will be preserved within the new
scan. The crosshair will be positioned on the

Fig.4-55  Current position panel with activated site. were you click with the left mouse

crosshair button. If you have activated the Lock
button, than the position will be fixed.

e Scan the image continuously and position the
site of interest under the crosshair.

4.4.10.8 Using the Carrier

If you press the Adjust button, the Carrier Position window will open. If you adjust the carrier (see
section 4.4.12 Loading and Configuring Sample Carriers), than the carrier will be displayed in the current
position window. You can now approach any well by clicking on it.

3> The wells will be approached by the scanning stage. Even if the Scanner button is activated,
selecting a well will automatically deactivate the Scanner and activates the X,Y-Stage mode. If
you take an image of the well, than the position can be changed in Scanner mode within the
well.

3> This mode correspond to the Sample Carrier mode, if single position is selected. Regardless
which well is selected, in the result table of the FCS results window the position is indicated as
111 II.
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4.4.11 Sample Carrier
Current Pasition Sample Carrier LSM Image
The Sample Carrier function opens the Carrier B —
agn . . . . Single position j e
Position options. It is used for selecting the carrier B
and the sample, for orienting the sample in x- and Adiust
y-direction and for setting in Z position. 1 5 3 4
e Click on the Sample Carrier button in the N .
Positions panel.
- The sample select options pop up (Fig. 4-56).
B B
I3  Before the sample can be positioned
make sure that the microscope stand is ! ‘ ! !
set up for FCS measurements and that A
the appropriate laser(s) is (are) switched
on. Fig. 4-56 Positions panel, sample carrier adjusted

e C(Close the Sample Carrier window by clicking
one of the other positioning options.

I3 Note, the carrier is only visible, if it was
adjusted in the Carrier Position window
that opens by pressing the Adjust
button.

4.4.12 Loading and Configuring Sample

Carriers
Press the Adjust button. This opens the Carrier
Position window (see Fig. 4-57).
Window contains two panels:
- The (X,Y) Stage panel
- The Z (Focus) panel

On the right hand side you have the following
buttons:

Close Pressing the Close button will close the
Carrier Position window.

Laser Pressing the Laser button will open the
Laser Control window.

Micro Pressing the Micro button will open the
Microscope Control window.

&/ Carrier Position 2l

X, Y (Stage)

Cloze

j Propertiesl DE|EIEX|
Origntation |LI &

1 2 3 4 L=

Sample Carrier I MHunc 8 well

-
=
£ -
5]
=]

E B
1 2 3 4
A-1 [
o T——r e o
Speed |2 vl V
Z (Focus)

Lazer OniOff
0.000

ok +200 prn
Load -200 pm

ik

No Camera Signal!

Fig. 4-57 Carrier Position window
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j Propertiesl QeleleXl

Sarmple Carrier I Munc & well

Orientation | ?l

1 2 3 4

1 2 3 4

A-1 ——
wo A= _H

Speed |2 vl il
Fig. 4-58 X, Y (Stage) panel

(1) X, Y (Stage) panel

In the X, Y (Stage) panel you can select the
sample carrier and orient the sample carrier in x-
and y-direction.

(@) Selecting the sample carrier

e Select the sample carrier from already stored
ones in the Sample Carrier selection drop
down menu. This will load in the defined
configuration.

e You can delete stored carrier configuration by
pressing the Delete button. This will delete the
currently selected carrier configuration.

(b) Defining a new Carrier

e Click the Properties button. The
Properties window will open.

Carrier

The Properties windows allows new / existing
sample carriers to be created / edited and saved.

e Click on the Properties button in the Carrier Position window.

- The Carrier Definition window is opened.

Columns - Number input box

Setting of the number of columns for the sample carrier.

Columns - Distance input box

Setting of the distance between the chambers of the column.

Rows - Number input box

Setting of the number of rows for the sample carrier.

Rows - Distance input box

Setting of the distance between the chambers of the row.

Close button

The Carrier Definition window is closed.

Save button

For saving the new or edited sample carrier.

Delete button

Deletion of an existing sample carrier.
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4.4.13 Selecting a Chamber at the Sample

Carrier Current Pasition Sample Carrier L5H Image
A Scheme Of the Selected Sample carner |S Shown gle %
in the center part of the panel. The lines of the o o eanden Adust
chambers are marked with letters, and the Cokmn byookmn
columns with numbers. B e
You have different options to select chambers in a . .
loaded carrier by choosing an option from the
positions drop down menu (see Fig. 4-59). ; ;

1 2 3 4

4.4.13.1 Single Position A1
Select from the drop down menu Single Position. Fig. 4-59 Positions drop down menu
In the Positions panel (see Fig. 4-60) you can
select the chamber you want to take the
measurement in (Only one 5 SeleCtable)' Current Position Sample Carrier LSM Image
e Click on the chamber you want to use. The [Srge pos -

X ingle postion J EHA
motorized stage moves the selected chamber to B
the defined position under the objective. Adust

e If you want to move to other positions within a : : !
chamber, click onto the respective chamber. .
The chamber to be used for the X and Y alignment
of the stage can be selected at a click of the
mouse. B B
= Note, that before clicking on a chamber 1 ? : !
you have to orient the carrier. For a non- A1

oriented carrier, all chambers are
displayed in white. Please orient first
before you select a position. After
orientation, the selected well will appear
green. The position of the current well is
displayed in the left lower corner (left
field, e.g. A - 2). The current position of
the mouse pointer is shown in the right
lower corner.

e Select the chamber by clicking on it. The stage
moves to that chamber of which the
dimensions must be specified earlier. This well
becomes green when the stage has finished
movement.

Seanner IXYStage Fieza Stage

Step 4 ﬂl 1 |
Speed I 2 'I I %:0.000 Y:0.000

Fig. 4-60

Current position panel

I¥>  You can also use the arrow buttons or the joy stick to move the microscope stage, but in those
cases, the orientation gets lost. The selected chamber will not any more be highlighted in green in
this case. You can set the size of the steps to be performed via the Step slider (or the input box).

15y Regardless which well is selected, in the result table of the FCS results window the position is

indicated as “1".
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The travel speed of the microscope can be set to steps 1, 2 and 3.

Step 1 (slow speed) should only be used for very precise positioning, since positioning for longer paths
requires more time.

Step 2 is preferably used for standard positioning.

Step 3 is suitable if large vessels are used, since precious center positioning only plays a minor role in such
cases.

e Select one of the three speeds from the Speed selection box.
e Select the step size from the Step selection box with the slider or numerically.

e The current coordinate position of the stage is indicated in the lower right corner in X and Y.

4.4.13.2 Multiple Positions

Current Pasition Sample Carrier LSM Image
[Fom by om Sl S_elect frorr_1_the drop down menu other than
| Single Position.
s::::: In the Positions panel you can select the chambers
you want to take the measurement in (all are
selectable, see Fig. 4-61).

The samples to be measured can be selected in the
schematic drawing of the sample carrier. Activated
chambers will be highlighted in the drawing in
green. In the Sample Carrier display box, the
selected sample carrier is shown for information.

A1 e Select the chambers and the work direction for
the measuring procedure by loading the
respective routine from the drop down menu.

Seatiner IXYStage Fiezm Stage

Individual chambers can be selected / deselected by
clicking on them with the mouse.

Step L] ﬂ I‘I_ o

= Alternatively, a whole block of chambers can be
Speed ]2 - | #0.000 v:0.000 selected/dgselected by drawing a frame which
contains the centers of the selected or deselected
chambers or by pressing the Select All / Deselect
All buttons

Fig. 4-61 Sample Carrier panel

If multiple samples are selected, the work direction can be chosen as well.

Following routines can be loaded:
Row by row. Measurement is performed row by row. Each row starts from the left site.

Row by row meander. Measurement is performed row by row. Rows start alternatively from the left
and right. First row starts from the left.

Column by column. Measurement is performed column by column. Each column starts from the top.

Column by column meander. Measurement is performed column by column. Columns start
alternatively from the top and bottom. First column starts from the top.
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Following functions are available:
Select All button

Selects all chambers of the sample carrier.

Deselect All button

Deselects all chambers of the sample carrier.

Adjust button

Opens the Carrier Position window.

4414 LSM Image

Current Posgition Sample Camier LSMImage

If LSM Image is activated, you can define positions M <o ¥ b 2 @
for FCS measurements in a just scanned LSM el i
image (Fig. 4-62). I 226530000 ey
The Positions list shows the numbers and +
coordinates of the selected positions in the LSM _AddPos |
scan image. -

Del Pos
Select button X

Del List
Activates the cursor (crossline) to allow the QD
definition of positions in the scan image. Shows or .
hides just selected positions if activated or not
activated.

Scanner I K Stage |Pigzo Stage

= Please note, if the Scanner button is

pressed, the scanner will be positioned to s 4| [ [ mm
the high-lighted position. If the XY Stage speed [2 =] | %7 000 -4 D00
button is pressed, the stage will not be

positioned to the high-lighted position. Fig. 4-62
Only after triggering a measurement the

stage will move to the indicated position

and will go back to the initial position

after the end of the measurement. If you

want to obtain the count rate by pressing

the Count Rate button at the indicated

position, you have to start a measurement

beforehand.

LSM image panel
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Sample Add Pos button
Sample Carrier | Define Positions in LSM Image W L5M Adds the position of the cursor to the Positions
list. A crossline is set at the selected cursor position
@ in the image. To select further positions click at the
Select appropriate position in the image and then on
Positions Number | wf[um] | ylpm] | z[pm) + Add Pos. If more than one position is selected the
! 439406 109773 [B7E crosslines are getting current numbers.
2 433460 |-11041.8 |BYE Add Poz
3 44005.0 103720 |67 E
4 110391 = Del Pos button
Del Pos
Deletes the selected (highlighted) position in the
p 4 Positions list and the corresponding crossline in
Dl List the scan image.
N\
Mark Pos: Del List button

| #: 44000250 y: -11001.500 Stage Position

sep 4| | »|[10000 um
Speed|2 vl

Fig. 4-63 Sample panel for defining positions

Deletes all positions in the Positions list and all
crosslines in the scan image.

Mark Pos button

Marks the selected positions as overlay elements in
the scan image. The crosslines are also visible in
the scan image if the Select button is deactivated
or the Method Measurement window is closed.

3>  Please note, positioning is by scanning
mirrors if the Scanner button or by stage, if the
XY Stage button is pressed. If more than one
position was selected, measurement is only taken
at the highlighted position. Using the crosshair the
mirrors do not move and positioning has to be
done manually with the stage.
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4.4.15 Processing
| System Cunﬂguratmnl Acguisition Processing
e C(lick on the Processing button on top of the
MeaSU rement WlndOW Chl Ch2 Crass Carrelation
— The Processing subwindow appears on the Model | 112011
screen (see Fig. 4-64). _ Yelea || e
Fit range start [ps] O
Fit range end [z] 1e+020
Number particles 1 Free =|0 Te+010 i
W Amplitude Info
4 4 15 1 Fit Panel Geometric conection 0.076 lmﬂ 1e+010
" " ¥ Triplet state £
Fraction [%] 0 [Free =0 100 m
The Fit panel of the menu allows you to load in a Relawation tme [is] 0 [Free ™ =10 Te+016 =
fit model and define, how the parameters are to el LU S S @
be fitted. Diffusion time [us] 0 Fee 5[0 1e+016
. . . Structural parameter 1 Free =|0 Te+010
The channel is selected by pressing either the Ch1,
Ch2 or Cross Correlation button, if applicable. To @
each channel a different Fit model can be assigned. Stop
By pressing the List button, the Model list window i
will appear. You can close the window by pressing ol = | Count rate
7 : ate Reset Parameter
the Close button. You can delete the highlighted ] =
model by pressing the Delete button. You can Data Handling %z |
modify the existing highlighted model by pressing == :
the Modify button or you can define a new model S | I
by pressing the New button. Biming [ = w 02|
. . Maimum comelation time I 1000 j = 1000
Load a predefined model by selecting the Tau Charnels e 3 |
appropriate one from the Model drop down
menu. ] ] )
Fig. 4-64 Processing window

You can select and deselect parameters by
checking / de-checking the check boxes of the
parameter column.

You can type in values for the Fit range start and Fit range end values.
You can type in values for the parameters under the value column.

You can define the values of the various model parameters as Start values, or you can leave them free or
fix them by selecting the appropriate routine from the pull down menu under the type column.

You can set upper and lower limits by typing the limits into the boxes under the upper limit and
lower limit columns.

You can globally link parameters for different setting by selecting the appropriate routine from the pull
down menu under the global column.

It is generally accepted that non-linear fitting procedures yield more reliable results when the number of
free parameters is low. It is recommended to fix parameters which are known from independent
measurements. Good candidates for fixing are diffusion times of the free dye and the free (i. e. not
bound) partner, which had been determined in previous measurements and the structural parameter,
that is an instrumental parameter.

ISy

If you press the Save button and select All settings, the next time the method is called up data
will be fitted to the settings defined in the Fit panel.

You can reset all manipulations by pressing the Reset button. The current status is displayed in the
Status display window.
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4.4.15.2 Data Handling Panel

Default |

I Correlation Count rate | FCH

Binning [T = e o
b aximum correlation time I 1000 i’ 3
Tau Channels I 8 ﬁ

Dustfiter | The Data Handling panel allows you to select
how certain measurements should be recorded. All
changed settings can be reset to the default
settings by pressing the Default button (see Fig.
4-65). You have different options.

-EE —

Fig. 4-65 Data Handling panel, Correlation

(1) Correlation

Pressing the Correlation button will activate the correlation settings (see Fig. 4-65). Here you can set the
initial binning time, the initial tau channels and the maximum tau time by adjusting the number in the
Binning, Maximum correlation time and Tau Channels display boxes. You can either directly enter
values or use the arrows. The units are indicated at the right site of the display boxes. Default values can
be entered by pressing the 0.2, 1000 and 8 buttons. Please note that with the default settings, the
algorithm works the fastest.

(2) Count-Rate
Defaul . . .

tl_ - Pressing the Count-Rate button will activate the

_ Comoston | Countrae e [ Dwtier | count-rate settings (see Fig. 4-66). You can either

swing | T =] m 1| check the Automatic check-box, in which case

dynamic binning will be applied, or you can de-
activate the check box and enter a number of a
constant binning time in the Binning display
window. You can either type in values or use the
arrows. Units are displayed at the right of the
display box. The default value of 1 ms can be
selected by pressing the 1 button.

Autamatic I

Fig. 4-66 Data Handling panel, Count rate
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(3) PCH
Drefault |

Pressing the PCH button will activate the photon - -

counting histogram settings (see Fig. 4-67). You Coroion | Cowtiste [ Tper T Dwiite |

can either check the Automatic check-box, in . EDE— 0

which case 32 different binning times will be used,
or you can de-activate the check box and enter a
number of a constant binning time in the Binning
display window. You can either type in values or Fig. 4-67
use the arrows. Units are displayed at the right of

the display box. The default value of 10 us can be

selected by pressing the 10 button.

Autamatic I

Data Handling panel, PCH

I3-  In automatic binning mode, binning starts with a value of 50 ns, which is doubled 32 times. So

binning times are 50 x 2", with n=1 to 32. The histogram with the best dynamic range will be
selected and displayed.

() Dust-filter
Default

Pressing the Dust-filter button will activate the - ||- — | = _

dust-filter settings (see Fig. 4-68). The Dust-Filter arEeten Ut ate Dust fier

selection box allows you to activate an electronic T -

dust filter that will be active in operation during - _ ~

the measurement. The threshold in % is set by Deviaionto s peskin Counsate |10 = %10 |

typing or by using the arrows. All measurement

points within a binned count rate time window Fig. 4-68
having a deviation of more than the specified value

from the average count rate will be cut out and

not used for the correlation analysis. The default

value of 10% can be activated by pressing the 10

button.

Data Handling panel, Dust-Filter

I¥3>  Please note that the cut off count rate is defined as the exceeding of the average count rate
during a certain measurement period. Thus, the consecutive fast succession of low peaks might
accumulate the same count rate as one high peak within a certain period of time and hence, the
cut off is not defined by the peak height but rather by the counts / binning time.
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4.4.16 Fitting the Correlated Data to Model Equations

In the following, the mathematical equations of the correlation functions and the fit equations will be
more detailed. The acquired correlation functions must be fitted to models in order to retrieve
meaningful parameters. It depends on the process, which model is the most appropriate. If the
underlying process is known, the model can be chosen a priori. For example, if one studies diffusion in a
membrane, a 2-D diffusion model should be applied. In other cases, the process is not known, for
example, if one deals with free or anomalous diffusion. In this case, one can screen different potential
models and look for the best fit taken into account the X’ value. Often two models work nearly the
same, for example, a two component free diffusion model can give you as satisfactorily a fit as a one
component anomalous diffusion model and without prior knowledge on the system it will be impossible
to decide, which is the better one. In principle,. models can be ruled out, if the fit does not work,
however, a working model is only a potential candidate but does not signify it to be the correct one. Care
should be taken to minimize the free parameters as much a possible to improve on the fit quality. It does
not make too much sense to fit to three components without fixing parameters of at least one. If , for
example, the diffusion time of a free ligand can be determined in a pre-experiment, that value should be
fixed to reduce the number of floating parameters for the evaluation of the binding experiment to its
receptor.

The software of the ConfoCor was designed to be flexible. That means that the user can define or
assemble equations that do not make sense. Care should therefore be exerted and used formulas
matched with the ones from literature to obtain meaningful results. Also, the presence of a model does
not automatically mean, that the recorded data are of a quality that allows it usage. For example, anti-
bunching requires a lot of care in data acquisition like long measurement times and cross-correlation to
reduce dead times of the detectors and elimination of after-pulsing artefacts. It is in the responsibility of
the user to set up his experiments accordingly.

4.4.16.1 The Correlation Function

The auto-correlation function is defined as follows:

1 T T
G¥(r)= <67(t)‘ §I(t2+ T)> _ T g(&(;) 5I(t + f))dt _ T _!;(é;l(t) 5I(t + r))dt o
(a1(e)) TL [(orC)fa [P

or

G’(r)=<l(t2' /. S (1b)

where () denotes the time average and e(r)=1(:)-(1()) describes the fluctuations around the mean
intensity.

For long time average of | (no bleaching) the following relation exists:

G'(r)=1+G%(z) (10
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Definition of the cross-correlation function

The formalism for the cross-correlation function is identical to the auto-correlation function, with the
exception that the signal in one channel is not compared to itself, but to a signal in a second channel.
Lets assign the indices “r"” and “b"” for the red and blue channel, respectively, than the cross-correlation
function would read as follows:

oo (a1,(t)- o1,(t + 7)) _ (a1,(c)- o1, (t + 7))
N T O T ) N A RTA ) (i)
, _(1,,(t)-1,(t+r))_(I,(t)-l,,(t+r)) .
OG- L0 O L6 (1e)

Note that the ConfoCor 3 calculated G' functions. The acquired correlation functions are than compared
to model equations.

4.4.16.2 Model Equations

In the following available equations used for the fits are given that define the accessible parameters. For
some equations useful conversions to other parameters are listed as well. The total correlation is given by
equation 2:

Gaz)=1+d+B +A-[[XG,,(7) (2)
k1

where d is the offset, B the background correction, A the amplitude and G, (t) the correlation for a single
process. The suffixes k and | signify correlation terms for dependent and independent processes,
respectively, that are multiplied with or added to each other.

The total correlation is therefore an amplitude corrected for background, which is multiplied to the
product of the single correlation terms that are dependent and hence convolute each other. Any offset
can beaded to the correlation values. In cases, when the processes are independent from each other, the
single correlations terms add up, for example in cases where there are more than one component all
bearing the same label or of bunching terms that are independent from each other. If independent and
dependent processes are present, all independent terms will add up and are multiplied with the
dependent terms.

One can distinguish between different classes of processes: anti-bunching, bunching and diffusion. In
addition, the corrected amplitude has to be added.
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4.4.16.3 Amplitudes

The Amplitude of the correlation function is influenced by the offset, background and the number of
particles in dependence of the geometric factor. The amplitude is also influenced by the process of
correlation.

1) The"1”

In a normal correlation, the curve converges to 1, in case intensities | are correlated as is the case with the
ConfoCor 3 software. Note that in other cases, if fluctuations 8l are correlated, the correlation function
converges to 0. If no bleaching occurs

G¥(1)=1+G'(7) (2)

You can therefore easily convert G'(t) to G°(t) values by adding a fixed offset of 1.

2) Offsetd
d=c (3)

C is any rational number that can be negative or positive.

In the ConfoCor software the offset can be a fit parameter or a fixed value.

In some cases, especially if very slow or immobile components are present, there can be a positive offset
from 1. This offset can be taken into account by fitting to d. On the other hand, if the offset is known, it
can be fixed. The offset will be added to each correlation value.

3) Background B

_q_Tb 2
B=(1 It) (4)

where |, is the background intensity and |, is the total intensity.

The background in the ConfoCor Software is always a fixed value and never a fit parameter. This means
that the background must be user defined.

Note that the background in this case refers to a non-correlating background. If there is no background
intensity, B = 1, otherwise B < 1. The background can be determined by measuring an unlabeled solution
or cell at the same settings than the real experiment and recording the count rate |,. The real experiment
with the labelled species will give I. A non-correlating background will result in a lower amplitude and
hence overestimation of molecule numbers, if not corrected for. Note the squared correction term.
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4) Amplitude A

=7 _ _
A_N G(0)-1 (5a)

where y is the geometric factor accounting for the point spread function (PSF) and N the number of
particles.

In the ConfoCor software y can be a fit or a predefined fixed value. In case y is a fit value N must be fixed
in the fit procedure. N is normally a fit parameter.

Please note that y takes different values for different fitting models depending on the assumed intensity
distribution of the points spread function (PSF):

1.=1.000 (cylindrical),
¥,5,=0.500 (2-D Gaussian),
Y50c=0.350 (3-D Gaussian),

v,,=0.076 (Gaussian-Lorentzian).

y can also be calibrated, if a known concentration ¢ of a dye is measured. In this case N can be fixed and
y fitted. The obtained number can be entered as the calibrated fixed number. N can be calculated from
equation

N

c= L (5¢0)
with V being the confocal volume and L, = 6.023 x 10” mol” the Avogadro number)

The volume V is calculated from equation

V=7r%-w,2~a)z (5d)

with o, axial focus radius and o, the lateral focus radius. The radii themselves have to be determined by a
calibration measurement using a dye with a high quantum yield and a known diffusion coefficient D from
the fitted diffusion time t, and the structural parameter S employing a free diffusion model with triplet
state.
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The following relations exists:

2
T, = Dr_ for 1 photon excitation (5e)
4-D
2
T, = er for 2 photon excitation (5f)
=2 (59)
(1]

Equation 5e or 5f, dependent on the excitation source, can be used to retrieve o, with its knowledge o,
can be calculated from equation 5g.

Please note, that N can have different meanings in different fit models. For biology, normally the number
of diffusing particles is of interest. In this case, if photo-physical processes (triplet, blinking, stretched
exponentials) are involved, it is recommended to use their normalized forms, since then, the number of
molecules correspond directly to the number of diffusing particles. If photo-physical terms are not
normalized, the number measured is the total number of diffusing particles an those undergoing photo-
physical processes.
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4.4.16.4 Anti-bunching Terms

Anti-bunching is the phenomenon that a molecule cannot produce emitted photons as long as it stays in
the excited state. Hence during the transition time required to drop back to the ground state, which
corresponds in most of the cases to the lifetime if no other photo-physical processes are involved, no
photon can be expected, which results in auto-correlation and hence a drop of the correlation function
below 1.

1) Dependent to other terms

G, (r)=(1—C—C-e_%“) not normalized (6a)

_z
. Ta

) normalized (6b)

Ga (T) = (1_

where C is the amplitude and t, the transition time, also referred to as the lifetime.

2) Independent in combination with other terms

G, (T)=(—C-e_%") (60)
C in this case is either a fit parameter or a fixed value and often takes the value 9/5.

There are two cases to be distinguished: First, if the anti-bunching is dependent with other processes,
than equations 6a and 6b in the non-normalized or normalized form must be used and the terms are
multiplied with other correlation terms. In case the anti-bunching is treated independent to other
processes, than equation 6c¢ is the correct one to use and the term is added to other correlation terms.
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3) Stretched exponential — anti-bunching

This is @ more general term adding frequency and stretched factors to the exponent.

(k7 :
G,()=1-K,-K,-e 7z not normalized (6d)
K (k- TT“ )Kl
G, ()=1-— e1 normalized (6e)
-

where K, is the fraction of molecule, and t,, the exponential decay time, k, the frequency factor and «,
the stretch factor.

K, and t,, are fit parameters; k, is a fixed parameter and must be user defined; «, is either a fit parameter
or can be fixed.

Note, fixing k, and k, to 1" result s in a simple anti-bunching term.

4) Double stretched exponential - anti-bunching

This is a double exponential function, where the exponentials are substracted.

(ki Mt (k7 )2 .
G,(t)=1-K,-K,-e '™ —K,-K,-e *Th not-normalized (6f)
(k- T )<t (—ky+ T )2
K, e T 4 K, -e k2 .
G, ()=1-— 2 normalized (69)
1-K, - K,

where K, and K, are the fractions of molecules, and t,, and t,, the exponential decay times, k, and k, the
frequency factors and «, and k, the stretch factors.

K, K,. t,,and t,, are fit parameters; k, and k, are fixed parameters and must be user defined; «, and «,
are fit parameters or can be fixed.
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4.4.16.5 Bunching Terms

Bunching is the phenomenon of a burst of photons during a certain time interval, the duration of which
is determined by photo-physical processes including triplet, blinking, flickering and protonation. This
terms are exponential decay functions. Formally, they look the same, only the exponential decay might be
different.

1)  Triplet

G,(r)=(1-T,+T, -e_%‘) not normalized (7a)
T, -e_%’

G,(r)=(1+’1—T) normalized (7b)

t

where T, is the triplet fraction, that is the number of molecules undergoing triplet states and t, the triplet
decay time.

T, and 1, are fitted parameters.

Triplet is based on an un-allowed intersystem crossing from the excited to the so-called triplet state. This
state lasts for 1 — 5 ps. If the electron drops back to the ground state, no photon is emitted and hence
during the triplet state the molecule is in a dark state. Triplet is indicated as a rise in the correlation
amplitude, which is indicated as a deviation from the flattening curve at shorter correlation times. If not
normalized, the triplet fraction contributes to the total number of molecules.

2) Blinking

G,(r)=(1-T, +T,,e_%" )ynon-normalized (7¢)
T, ~e_%” .

G,,(r)=(1+”1—T) normalized (7d)

b

where T, is the blinking fraction, that is the number of molecules in the dimmer state and 1, the blinking
decay time of the dimmer state. Note, if the blinking term is not normalized, the number of blinking
molecules will influence the total number of molecules.

T, and 1, are fitted parameters.
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Blinking is based on the phenomenon that the electron distribution over conjugated systems can change
in dependence on the local environment, for example changes in the pH, which will lead to molecules in
a bright and dim or dark states. It is therefore a kinetic process that can be described in the following
way with the following relations:

B krike | p (7)
S (79)
kp+kpg

2
T, = kF‘kR'(’]B_UD)
(kg +kR)'(kF ‘7712; +hkpg '77%)

with the constraint 5, > 7, (7h)

with B and D representing the brighter and darker states, k. and k, the forward and backward reaction
rates and n, and n, the emission yields or molecular brightness of molecule species (D or B) in Hz or the
relative dimensionless brightness. In case, where darker state is completely dark (n,=0), equation 7hn
simplifies to

_ ke
kp+kp

(7i)

T,

Note that Blinking is referred to a process that does not lead to a covalent modification in the chemical
bonds. If covalent changes occur the process is referred to as Flickering, which is formally treated in the
same way.

3) Independent triplet and blinking

In this case the terms are just representatives for two independent bunching terms that are linked by
addition (double exponential term). Note that the triplet fraction, if present, could be potentially fitted to
either of the terms.

T gyt -
G,(t)=(-T,+T,-e ' =T, +T,-e / **) not-normalized (7))
-7 -7
-e %” +T,-e %

: ynormalized (7k)

T,
G,(r)=(1+-1
1-T,-T,

where T, and T, are the fractions of molecules in the triplet state, and t,, and t,, the triplet exponential
decay times.

T, T, t,and 1, are all fitted parameters.
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4) Dependent triplet and blinking

In this case the terms are just representatives for two dependent bunching terms that are linked by
multiplication. Note that the triplet fraction, if present, could be fitted to either of the terms.

G,(r)=(1-T, +T, -e_%” (A-T, +T, -.e_A2 ) not normalized (71)
T -e_%" 14T -e_%’z .
G (r)=(1+-1 2 normalized 7m
(D) =01+ T, ) -1, ) (7m)

where T, and T, are the fractions of molecules in the triplet state, and t,, and 1, the triplet exponential
decay times.

T,. T, t,and 1, are all fitted parameters.

5) Stretched exponential - bunching

In some reactions like, the kinetics cannot be fitted to simple exponential functions but require stretched
exponentials.

(ka7 O :
G, ()=1-K,+K,-e “" not normalized (7n)
K (ki 7 O
G, ()=1+—1 ¢ normalized (70)
1-K,

where K, is the fraction of molecule, and t,, the exponential decay time, k, the frequency factor and «,
the stretch factor.

K, and t,, are fit parameters; k, is a fixed parameters and must be user defined; «, is either a fit
parameter or can be fixed.

Note, fixing k, and «, to “1” result s in a simple bunching term.
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6) Double stretched exponential - bunching

This is a double exponential function, where the exponentials are added.

(~ky 7 ) (~ky 7 )2 :
G, ()=1-K,+K, -e v -K,+K,-e T not-normalized (7p)
X (—k1~TT“)"‘+K k7 07
G, ()=1+— ¢ 2°¢ normalized (79)
1-K,-K,

where K, and K, are the fractions of molecules, and t,, and 1, the exponential decay times, k, and k, the
frequency factors and «, and k, the stretch factors.

K,, K,, t,and t,, are fit parameters; k, and k, are fixed parameters and must be user defined; «, and x,
are fit parameters or can be fixed.

This term is often required to fit protonation, with the second stretch factor and the frequency factors are
setto "1”.
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4.4.16.6 Diffusion Terms

Diffusion is driven by Brownian motion. We can distinguish translational, rotational and flow.

1) Rotational diffusion

In the most general form, rotation can be described as the sum of 5 exponential terms

5
g @=1-R,+R,- Zcm .e—r,,,-‘r/r,_m (8a)

m=1

with R, being the amplitude, ¢, the relative amplitude, r  the frequency factor and t  the rotational
diffusion time.

However, there are special cases that are of more use.

In symmetric rotation, the general formula reduces to:

G.(r)=1-R, +R, -e_%' not normalized (8b)
R ¢/ .
Gr(z')=l+% normalized (8¢c)

with R, being the rotational amplitude and t, the rotational diffusion time.
R, and 7, are both fit parameters.

If rotation occurs independent from other processes, the formula used as an additive term is defined as:
-7
G,(t)=R, e 7 (8d)

R, in this case is either a fit parameter or a fixed value and often takes the value 4/5.

In case of asymmetric rotation, the term is as follows:

_’17 _’27 )
G.(t)=1-R,+R,-(c;-e " +c,-e 7 "*)not normalized (8e)
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_r17 _nr
R, (c;-e e, e /)
1-R

G.(r)=1+ normalized (8f)

a

with R being the amplitude, ¢, and c, relative amplitudes, r, and r, frequency factors and 1, and t , the
rotational diffusion times.

R, 7, and 1, are fitted parameters; ¢, and ¢, as well as r, and r, are fixed values and must be user
defined.

Rotational frequencies take often the following values:

10/3

The relative amplitudes dependent on the polarisation of the excitation light and the analyser in the
emission beam path and are as follows:

Ex |lin. lin. pol. lin. pol. |unpol. |unpol. unpol.
pol.

Em | parallel | perpendicular | all parallel | perpendicular | all

¢, |80 20/9 860/9 |5/9 215/9 20

c, |64/9 |4 4 16/9 1 1
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2) Translational diffusion

In its general form, translational diffusion is defined as:

il with the constraint Zd}i -1 (89)

{”(%dj] [”( %d,i)ai-%z]%

3
G,(r)=|Y.

i=1

with 1, representing the diffusional correlation time of molecule species i , S the structural parameter
that is the ratio of axial to lateral focus radii, o, the anomaly parameter or temporal component of
molecule species |, e,,, e,, fixed exponentials to define dimensionality of diffusion (1-D: e ,=1/2; e =0; 2-
D:e,=1;e,=0; 3-D: e,=1; e,=1)

e, and e, are fixed values and have to be user defined. The following values define 1-, 2-and 3-D
diffusion:

e, |e, |dimensionality
172 |0 1-D
1 0 (2D
1 1 3-D

Note that in the ConfoCor 3 software this values are automatically selected with the choice of
dimensionality.

S is either a fit parameter or a fixed value. It is an instrumental parameter and can be determined by a
calibration experiment using a dye solution with a known diffusion as a fit result.

a, is either a fitted value for anomalous diffusion or a fixed value (set to “1) for free diffusion. The
following relation exists

o | Diffusion process

=1 | Free diffusion

<1 | Anomalous sub-diffusion

<1 | Anomalous super-diffusion
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Note that a, is set automatically to “1", if free diffusion is selected. If anaomalous diffusion is selected,
the parameter will float.

1,, are fitted parameters. They can be converted to diffusion coefficients D, using formulas 5e or 5f. The
ConfoCor software allows you to directly fit to D, values, but in this case the lateral radius o, has to be
specified as a fixed value.

Please note that in the case of anomalous diffusion The following relations exist:

2
a o,

% = 1 photon excitation (8h)

2,i

2
" 2 photon excitation (8i)
Lo

a a

T d,i =

with T representing the transport coefficient of the fractional time dimension.

Please note the following relation between D and G :
D@)=T-t*! (8i)

If activating the fitting to the diffusion coefficient in the ConfoCor 3 the T values have to be calculated
from the D values by the following conversion:

T=4-D (8k)

The @i values are fit parameters. They account for different brightness of different components. In
principle, if molecules of different brightness are present, the apparent molecular brightness is defined as

3
Zfi'ﬂiz
77=i=1

R (81
Zfi 7;

with m, being the brightness of the molecules in kHz or the dimensionless relative brightness values. The
brightness of the species have to be determined beforehand in control experiments.
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Note that the brightness contributes as the square to the correlation function, in other words a double as
bright molecule will contribute 4 fold more. Therefore, the fitted number of molecules must be corrected
for to obtain the real number N, of diffusing particles; please note that to obtain the diffusing particle
number directly, other terms should be used in their normalized form :

3
(Zfi"?i)2
Ny =N-S—r (8m)

Zfi'ﬂiz
i=1

If one wants to know the true fraction f, of each species, with the known brightness values those can be
retrieved from the relation

2
@, =3f"i with the constraints » ;-1 and 3 f; =1 (8n)
2 i H : l
i=1

If there is no brightness difference between the components, @, will become to f.

In the ConfoCor software you can fit directly to the fractions even in case of different brightness values.
In this case, the brightness values have to be fixed parameters and defined by the user. The fit formula
converts from equation 5a in combination with 8g taking into account the corrected amplitude to
equation 8o:

fi "712 i "71z
3 3 3
Y|, > fini’ ; & fion)? (80)
S fiom)? | =l
Z:, n

IR CP RO TR CAER

with fixed brightness values ni.
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3) Flow

Flow signifies active transport either via cytoplasmic movement or directed transport.

If flow occurs in the absence of translational diffusion, the term is defined as follows:

G, (r)= e_[%fj (8m)

In the presence of translational diffusion, the term alters to:

_(%f)2

G,(r)=e 1+(%“) (8n)

with t, representing the average residence time for flow and t, the diffusion correlation time.

Note, in the ConfoCor 3 software, the correct term is automatically loaded in dependence on the
absence or presence of a translational term.

With the knowledge of the lateral radius o, given as a fixed value, the software allows to fit directly to
the velocity v instead of the average residence time. The following relation exists:

p=—"L (80).

4.4.16.7 Photon Counting Histogram (PCH)

In the photon counting histogram (PCH) no closed formulas exist, to which the data can be fitted. Hence
in this case, fitting is done numerically.
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4.4.17 Models 21l
[Models |
If you press the Models button in the ConfoCor ol e blose
submenu toolbar, the Model List window will KEDIET paw——.
open (see Fig. 4-69). 1KI3D1E T T offset Assembls
The window lists all the stored models with the IREDTT Assemble New
1Kf30 Ao T Agzemble

Model name and the Type. You can select a é

. . . . 2KF301T Azzenble 2
model by highlighting it. — pos— Modiy
The type is of either Assemble, PCH or User flow2 Assemble Dzle(te
defined depending where the model was created, FLH FCH

uzerl Kf2D Uszer Farmula

in Correlation, PCH or Formula, respectively.

You have the following options:

44171 Close

Pressing the Close button will close the Model List
window.

44.17.2 New

Pressing the New button will open the Model
window, where you can define a model by Fig. 4-69 Model List window
predefined terms or user defined.

4.4.17.3 Modify

Pressing the Modify button will open the Model window, where you can alter the highlighted pre-
existing method.

4.4.17.4 Delete

Pressing the Delete button will delete the highlighted method. You will be prompted if you want to
delete the model. Press yes or no | you want to delete or keep the model, respectively.
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Fig. 4-71

G(T)= 1+A=G,*Gy

Model window, predefined

Fig. 4-70 Model window, new model

Offzet d Sethings Bl

Background -1 b /1 : 12 Settings
Amplitude ¥/ Settings g

Antibunching GalT) Settings

Triplet G lT] Settings

Rotation G (T) Settings

Translation G4lT) Settings

Flow GflT) Settings

Stretched exponential GelT) Settings

Carl Zeiss ConfoCor Menu for ConfoCor 3 ConfoCor 3
21x] 4.4.17.5 Defining a Model
Offset d Setings Close Press the New or Modify button and the Model
oo (1,000F | o window will appear (see Fig. 4-69).
Amplituce wN Seltings Q = Note, the Modify button will load the
- . (0] _ highlighted  configuration and  either the
Antiunehing 2 selings Correlation, PCH, or Formula is available (see Fig.
T G l(T) Setlings 4-83); in New all options are available and can be
o 60 (1) o selected by pressing the Correlation, PCH or
il ' - Formula button (see Fig. 4-70).
Translstion GglT] Settings
Flawy GflT] Settitas:
You have three options to define a model:
Stretched exponential GelT) Settings

— Correlation: assemble a fluorescence
correlation spectroscopy (FCS) model

— PCH: assemble a photon counting histogram
model

- Formula: program a user defined model

(1) Correlation
You can assemble a with predefined terms.

e Press the Correlation button to activate the
options for assembling a model.

You have the following options (see Fig. 4-71):

e Press the Close button to exit the Correlation
window.

e Press the Save button to save a defined model.
The Save Model window will appear. You can
type in a name. Pressing Ok will save the model
in a database. Pressing Cancel will close the
Save Model window without saving the
model.

e To define a model, just activate the respective
terms that are available.

e You can choose from:
— Offset: Deviation from 1

- Background:
correction

Unspecific background
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- Amplitude: Number of molecules and geometric factor

- Antibunching: Antibunching term

- Triplet: Exponential term for triplet state, blinking, flickering or other bunching terms

- Rotation: Rotational diffusion term
— Translation: Translational diffusion term

— Flow: Flow term

- Stretched exponential: Stretched exponential term for protonation and other kinetics

All highlighted terms are assembled in a way that is displayed in G(t)= display box.

For all terms specific settings can be applied. These settings are accessible if the respective Settings
button is pressed. All Settings windows can be closed by pressing the Close button. The settings
windows are bipartite: Above you can select parameters and define values, below is a description box
that display the formula in its most general form, explains the parameters and gives useful conversions of
the fitted parameter to other interesting parameters. Press the close button to exit the Setting window.

The following settings are available:

Offset

e You can either set the offset (see Fig. 4-72) to O
by activating the Normalized option.

e Or you set an offset by activating the
Calibrated option. This enables you to type in a
value in the Calibrated selection box, or by
setting a value using the arrows.

= Note, the offset can have positive or
negative numbers and the value specified
will be added to all correlation values.

The description box gives you information on the
offset.

Background

e You can set an offset by setting a value in the
Background selection box (see Fig. 4-73).
Either type in a value or use the arrows.

The description box gives you information on the
background.

3> If there is no background, the back-
ground correction factor will be set to 1.

@ Homalzed | 0000

__________________________ o =

Offset d - fixed value for normalization

™ Calibrated

LClose |

Fig. 4-72 Settings Offset panel

P I ——

Backaround
B=(1-171,)2

I, - backoraund intensity
Iy - total intensity

Fig. 4-73 Settings Background panel
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PSE y Amplitude
& cylindrical 1.000 Lo e You can set a value for the geometric factor v,
206G 0.500 which describes the point-spread function (see
" 206G 0.350 Fig. 4-74).
. GL_ | 00e e By activating the corresponding option you can
(" Calibrated 0.076 b . . )
select between a cylindrical, 2 dimensional
Gaussian (2DG), 3 dimensional Gaussian (3DG)
A=G[D]-1 and Gaussian-Lorentzian (GL) PSFs. If you
Y /N activate the Calibrate selection box, you can
type in a user defined number or use the arrows
N - Average nurmber of molecules in the ohseration to set a value.
woluime L . . .
¥ - geometric correction factar for PSF The description box gives you information on the
amplitude

3> At least one the y factor or the number of

Fig.4-74  Settings Amplitude panel molecules N have to be fixed in the fit procedure.

- _ _ Antibunching
[~ Independend antibunching, ratation and translation
(3750 You can select the anti-bunching term in its

normalized form by checking the Normalized
check box, or in its non-normalized form by de-
checking the box (see Fig. 4-75).

L T, You can select the Independend antibunching,

G,(T) =1- Ce ° rotation and translation form by checking the

U=k respective box. This equation will be used as an

€ -Amplitude additiv term to rotational and translational
T, - Lifatime of singlet state diffusion terms.

You have the option to leave the amplitude value

to Free or to 9/5 by activating the corresponding
option.

Fig. 4-75 Settings Antibunching panel oo ) ) )
9 9 gr The description box gives you information on the

anti-bunching.
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Triplet

_ ) Components ITripIet j
The triplet represents bunching terms, that are Close
exponential decay functions. Nomalzed [

You can select the triplet term(s) in its/their
normalized form by checking the Normalized

check box, or in its/their non-normalized form by T E'T"Tt
de-checking the box (see Fig. 4-76). GelT] =1+ —
You have several options for the bunching terms _ _ '
which you can select by the Components drop Ty - Triplet fraction

down menu (see Fig. 4-77): T, - Triplet relaxation time

Triplet: 1 exponential function

Blinking: 1 exponential function

Independent Triplet and Blinking: Sum of 2
exponential functions Fig. 4-76 Settings Triplet panel

Dependent Triplet and Blinking: Product of 2
exponential functions

Components

The description box gives information on the Nomalized

bunching terms. Independend Triplet and Blinking
Dependend Triplet and Blinking

Fig. 4-77 Components drop down menu
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v Aspmretric

[ independend antibunching, ratation and trarslationd |
LCloze

v Momalized

Fielative amplitudes

E xcitation
" linear poarized

{+ unpolarized
" ather

c, [ 21573

Rotational frequencies

+ default
" ather

r1|1—

Emigsion
" parallel

% perpendicular
= all

E2| 1

’gl 1043

+C

_rz"l:_.a..l:rl2

G, (t]l=1-+

- Rotational amnplitude
Tm - L5 - Rotational relaxation times
. T2 - Rotational frequencies

c,.C, -Helative amplitudes

Fig. 4-78 Settings Rotation panel

Rotation

You can select between symmetric rotation (1
exponential term) and asymmetric rotation (double
exponential term) by selecting / deselecting the
Asymmetric check box (see Fig. 4-78).

You can select between normalized and non-
normalized rotation functions by selecting /
deselecting the Normalized check box.

If the Asymmetric box is checked, you can define
relative amplitudes and rotational frequencies
(note, these parameters are no fit values and have
to be defined by the user).

Relative amplitudes are defined by selecting the
excitation polarization (linear polarized or
unpolarized) and the emission detection
(parallel, perpendicular or all), which will result
in the corresponding values displayed in the ¢1 and
c2 display boxes. Alternatively, if others is
activated, you can type in user defined values.

Rotational frequencies can be selected by
activating the Default settings with the
corresponding values will be shown in the r1 and
r2 display boxes, or by user defined values that can
be entered when others is activated.

You can select the Independend antibunching,
rotation and translation by checking the
respective box. This equation will be used as an
additiv term to anti-bunching and translational
diffusion terms. You have the option to leave the
amplitude value to Free or to 4/5 by activating the
corresponding option.

The description box gives information on the
rotational diffusion terms.
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Translation 21|
e You have the following possibilities for setting e Comelaton Pt | Formua Close
parameters (see Fig. 4-79): el eelies (5]
Diffuzion coefficients |+ @, I 15 prn LCloze
e You can either fit to fractions (used normally 2 Phaton r
when no brightness differences are observed Comporents 2 3 Save
between different components) or to fractional Free / anomalous | fies “lfee  xlfes ]
intensities, when the Fractional Intensities Bzl I RS
. . . Molecular brightness 23 jia] | 0
option is selected. In this case, you have to
provide the absolute or relative brightness 6, () >
values of the components into the Molecular i=1 a;) )
brightness selection boxes. “[ d,] +[ d.
e You can either fit to the diffusion time, or you o - :1: 'F”de:‘°f°|°”:'°°”f”‘” 23
. . . . . il 1 - Frachonal ntenzi
can directly fit to the Diffusion coefficient by Rl )2 e
. . . . . . i 1
activating the Diffusion coefficients option. In =t N; - Molecuar brightness
the latter case you have to provide the @, @ Ty - Diffusional conelation time
i ; ; =5, “di"ip S - Stuctural f
dimension of the radius of the confocal volume ' i A'_“Tf“"" D“":_m”'
. . . . - Brlal Focus radivg
in the o, selection box. Either type in a value or .o N .
use the arrow keyS. L -1-[3"2.@ @2 T - Anomaly paramneter
. . = = D i - Diffuzion coefficient
o Yog must also spegfy if you use two photon o e e ' Concentation
excitation by checking the 2 Photon check box, IR N - Total number molecules
since that will influence the fit formula in the 20 I L 5 -Avagadro number
case the Diffusion coefficients option was
chosen. ] ] ]
Fig. 4-79 Settings Translation panel

You can select the numbers of components (1,
2 and 3) by pressing the Components 1, 2 or 3
buttons.

For each component you can select free or
anomalous diffusion in the pull down menus of
the Free/anomalous selection box.

For each component you can set the dimensionality of diffusion in the pull down menus of the
Dimension selection boxes. You can toggle between 1-D, 2-D and 3-D.

For each component you can enter brightness values in the Brightness select boxes. This values are
only displayed, if the Fractional Intensities option is selected. You can type in absolute values (that

must have the same units) or relative values.

The description box gives information on the translational diffusion terms.
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v Melocity

mr|1j

Cloze |

Pure flow

2
(rg,)
Gflt]l = e

Flow in cambination with translational diffusion

2
l:t‘f'l:f]
E[[t]= e
Flow velocity
ml
—
T

T - Average residence fime
T4 - Diffusional carrelation

@ - Lateral focus radius

Flow

You can determine, if you want to fit to the
velocity directly instead of the diffusion time by
checking the Velocity check box (see Fig. 4-80). In
this case you have to provide the radial dimension
of the confocal volume in the o, selection box.
Type in the number or use the arrow keys.

The description box gives you information on the
flow terms. Note, that the system automatically
toggles between the pure flow and the one that is
used when the Translation term is activated.

Stretched exponential

You can select between bunching and anti-
bunching terms by activating the Bunching or
Antibunching option (see Fig. 4-81).

You can select between 1 (mono exponential) or 2
(double exponential) stretched exponential terms
by pressing the Components 1 or 2 button.

You can select between normalized and non-
normalized terms by selecting / deselecting the
Normalized check box.

= Note, the frequencies and stretch factors
are no fit parameters and must be defined in the
Frequencies k, and k, as well as the Stretch
factors «, and «x, display boxes. Either enter a
value or press the 1 button for the default setting.

v - Welocity

Fig. 4-80 Settings Flow panel

Bunching i)
A rhibunching [

M

Close |
Maormalized v

SRR
L

Components

The description box will give information on the

Frequencies stretched exponential terms.

Stretch factors

K K
-k T 1 -k 2
[ 1 J"[m] .e[ 21:,,"]:“2]

K. .=e + K2

Ggltl=1+
1-K,-K,
K;.K: _amplitudes
Ty Tpa - Relaxation times
I‘1 -k - Freguencies
¥,. ¥, -Stetchfactors
Fig. 4-81 Stretched exponential panel
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(2) PCH

PCH = Photon Counting Histogram allows you to
determine concentrations and the molecular
brightness of molecules.

You can choose between 1, 2 or 3 components by
activating the Components 1, 2 and 3 buttons,
respectively (see Fig. 4-82). For each activated
component you can enter a brightness value in the
Specific brightness enter boxes.

You can also enter Instrumental parameters
values in the respective square (a1), cubic (a2)
and power (a3) enter boxes. These values have to
be determined in independent calibration
experiments using a defined dye solution and
correct for the deviation of the confocal volume
from a true Gaussian distribution.

(3) Formula
Defining a model with user defined terms

e Press the Formula button for the user defined
model options (see Fig. 4-83).

This opens up a calculator, that you can use to edit
your formula. You can also type in directly in the
Selection box.

All variables that are defined at the beginning, are
taken as fixed variables, all others as fit
parameters.

The formula is continuously parsed and any
expected operation indicated in the description box
at the bottom.

e Press the Save button to open the Save Model
window. The formula will be automatically
parsed or compiled and any syntax errors will be
displayed. Give the model a name and press Ok
to save it. Press Cancel to close the window
without saving.

e The description box at the bottom will inform
you on the parameters and operations.

e Press the Close button to leave the User
defined Window.

Groe 2ix]

FCH Formula. |
Cloze

j—y

Components 1 2 3 | E
Specific brightness 1 I 1

Instumental parameters  square (a1) I 1
cubic [a2] I 1
paweer [a3) I 1

Fig. 4-82 Model window, PCH

Bivoid 2l
Carrelation | FCH I Faormula.
Cloze

ull viw| x|yl z o s
HEERARER 7| e
Enf |l el
=05 =]

GO=1+0 7 N (14 {1+ tau))

-
Farameters: -
tau
M
Cperations:
50 =t
%1 = divi( VD0, tau)
=]
Fig. 4-83 Model window, Formula
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4.4.18 Settings

Pressing the Settings button of the ConfoCor submenu bar opens the Options for ConfoCor window
(see Fig. 4-84). You can close the window by pressing the Close button. The menu has three submenus:

- Measurement

- Auto Save

- LSM+ConfoCor
| Mewawmew | awesme | Mt | [
¥ Save raw data during measurement

Directary ID:\AIM _I

¥ Maove stage during measure

Speed |1 'l Digtance » 1 ﬁ mmn
Distance ' 1 i’ mn

[V Enable laser shutter filter wheel

I~ Contral AOM automaticall

AOM Power () | 01 j_|— ﬂ M
Fig. 4-84 Options for ConfoCor window,

Measurement

Mach einem Ordner durchsuchen 7| x|

Browse For raw data directary

m Desktop =
@ Eigene Dakeien

5@, Arbeitsplatz

-3 WIN2000 (C:)

EI{EI Daten (00

T A

: {:I Programme

S Programme_executable

{1 RECYCLER

{:I sicherun LI

P o

Abbrechen | helgr Qru:lnerl
A

Fig. 4-85 Save raw data

4.4.18.1 Measurement

(1) Raw data

If the Save raw data during measurement
check box is activated (see Fig. 4-84), raw data will
be saved in a specified directory.

3> If the check-box is de-activated, raw data
will be saved in the Temp file. If the FCS results
window is closed, the raw data will be lost in this
case.

When you tick the Save raw data during
measurement check box, the raw data (photon
trace) will be stored on disk. This option is used
when access to the raw data is required to analyze
the data in a different way than by calculating the
correlation functions.

The raw data file structure is described in section
4.5.3 Description of the Raw Data Format.

e In the Directory field, the directory will be set
where the data should be saved.

e \When the E button is clicked, a WINDOWS
directory selection dialog will open (see Fig.
4-85).

e The maximum number of files can be set (up to
100).

Ix3>  Each single measurement is stored in one
raw data file. For two channel experiments, each
channel will be stored in a separate file.
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(2) Stage movement
If the Move stage during measure check box is activated, the stage will move during an measurement

This option allows you to move the stage during measurement. In this case the stage will be moved forth
and back during the entire measurement time. This option is useful during rare event detection when
large, slowly moving objects in extremely small concentrations have to be registered. Since these
aggregates are diffusing very slowly without such movement the measurement times would be
prohibitively long. It should be taken into account that, in this case, the data stream is analyzed with the
coincidence analysis rather than by correlation analysis.

If the Use Piezo Stage if available check box is checked, the Piezo Stage will be used whenever the
Piezo button is pressed in the measurement window.

(3) Activating the Piezo Stage

You have the option to mount a Piezo Stage onto your normal stage. Be sure to select on the control unit
of the Piezo Stage the closed loop operation. If closed loop is selected the corresponding LCD will light
up. To work with the Piezo Stage, it should be activated under FCS Options in Measure tab by pressing
the Piezo Stage button.

If the Move stage during measure check box is checked, the following settings are possible in the
dialog:

- Travel distance of the stage in millimeters: Only integer numbers of millimeters are possible.

- Speed of the stage: Only the three preset stage speeds 0.48 mm/s, 4.81 mm/s and 24.01 mm/s are
possible.

— Travel direction: The stage can be moved along the x- or y-axis of the stage.

15y If you haven't chosen the closed loop operation mode, the Piezo Stage will not work properly in
the LSM 510-ConfoCor 3 Software.

The Piezo Stage allows for 2D translational motion in the x and y direction with a maximum motion of
100 um in each direction. The resolution is 1 nm. Positioning accuracy using the Piezo Stage is 10 nm and
less.
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2 x| (4) Working with the Piezo Stage

ISyatem Configuration Acquisition | Processing | Close Open the Measurement WindOW (See Flg 4-86)
and press the Piezo Stage button.

| Standard_as8 | Delete |

S ample

—
Excitation E
Hmss;sm%& LI 2 Movement by the joystick will overrule the Piezo

il Stage and the normal stage will be addressed.

Any stage movement done with the stage control
will address the Piezo Stage.

o
=]

@

=]

None

BF S0 IR The position of the Piezo Stage will be centered in

X Ch2 o
v (N ll P freo m respect to the normal stage whenever the Piezo
- Stage to 0 button was pressed.

Cross Correlation
T Eheo on ﬁ
- Crozs Correlation

Chl > Tha tat The position in x and y are displayed in the Stage
AN @] Position display box.
Single
@ If the Piezo Stage is activated the x, and y-Scans in
Stop the X,Y,Z-Menu will be nevertheless done by the

scanning Mirrors.

= Note, the numbers displayed will not
% correspond to the positions in the LSM mode, if
A the Piezo Stage is activated. Position numbers
correspond to the numbers displayed on the Piezo

Colimator 458rm-633rm | 52 Stage unit. Zeroing will display 40.000 in x and y. If
o the standard stage is used, the numbers will be the
Adiust same.
Fig. 4-86 Measurement window

(5) Shutters

If additional shutters (before the HeNe lasers and DSSP lasers and a line suppression filter wheel for the
Argon laser) are available in the laser module, they can be activated by checking the Enable laser
shutter filter wheel check box.

In this case, if the HeNe and DSSP filters are not used, a shutter will be placed in front of them; a line
selection filter will be used for the laser line activated for the Argon laser.

= Note, that activating two lines of the Argon, only in the case of 458/514 a filter be in place,
otherwise a non-position.

= This function is recommended when measuring close (within 0.2 mm) close to the cover slip
glass to suppress any residual excitation light.
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(6) AOTF dampening

If the AOTF control automatically check box is activated, the laser AOTF setting will be extended for
the dynamic range in the lower range. Please note that in case two activated laser are set at different
ranges, the one in the lower range will be set to the lowest available AOTF of the higher range.

If the box is unchecked, the AOTF can be suppressed overall by 1, 10, 100 or a 1000 fold. By moving the
slider of the AOTF Power (%) selection box, the respective dampening factor can be set (100%, 10%,
1%, 0.1%).

4.418.2  Auto Save 21|

H . . Measrement I Auta Save L5M + ConfaCar -
If the Auto Save check box is activated (see Fig. — [ weis |

4-87), all curves will be saved automatically in the pgttsylwm —
directory, which is specified Directory selection '
box (see figure settings-auto-save).

The Auto Save panel of the window enables you
to instruct the program to save the results
automatically during the measurement process
without human intervention.

e Activate the Auto Save check box via mouse
click.

. . . Fig. 4-87 Option for ConfoCor window, Auto
e The directory for the automatically saved files Save

can be chosen as well in the Directory
selection box.

The Task Name specified in the Task Description panel is normally used as file name. For checking
purposes, it is then displayed in the Filename display box.

4.4.18.3 LSM + ConfoCor 21x]
The LSM + ConfoCor function (see Fig. 4-88) can vesuene | awasse | LoMsCont | j
be used to type in offset values between LSM Oftx [0 "= wn foraConfalor reassenent soge o
scanners and the stage, if this is used for FCS oy [0 e e e et
measurements. The offset can be determined by aez [0 = wn Eaﬂ?"n}?mElth:b‘ﬂmt'mm
bleaching holes into a dye layer and determining L5 image

the offset between the crosses and actual bleach
spot. Type in the corresponding numbers.

= If the scanners are uses, offsets has to be
corrected with the Bidirectional sliders.
The numbers typed inhere are then
meaningless.

Fig. 4-88 Option for ConfoCor window,
LSM+ConfoCor
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4.4.19

4.4.19.1

Compensating Offsets between FCS and LSM

Determination of the Offset between LSM Scanner and FCS Stage Positioning

(1) Alignmentin X, Y

You can compensate manually or by using a Macro.

T& ! Configuration Control

Single Track

hduiti Track

L&kt & StEh: Ratio

7

1
1

|

Mane

Load/Save

LP 505

Nore
Chd

MHaone

MHaone
[~ Ch3

Excitation

[X] (a)

Do the manual adjustment according to the
following procedure:

e Obtain an LSM image of the Rh6G layer.

Manual Adjustment

e Set the following LSM parameters in the
Configuration Control (see Fig. 4-89):

Channel 1: select

Excitation: 488 nm at 2.1%, tube current 6.1
Amps

Main beam splitter: HFT 488

Emission filter of channel 1: LP505

Specimen
Fig. 4-89 LSM beam path for imaging the test
layer of Rh6G
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e Set the following LSM parameters in the Scan T&/Scan Control
Control (see Fig. 4-90): Mo Chanmels o "

— Frame Size: X=512, Y=512 o 5| — LineliFrame =%
- Scan Speed: 8 B _ :
Gz
- Data Depth 8 Blt Objective II:-Apochromat 408 .2 con j QO
— Scan direction: -> 128 | 256 | 512 | 102 | o4 | N
. Frame 5i ® [ 5z | v[ @2 LineStep [1 7]
_ Mode L|ne rame a2e Ine Jlep =
- MethOd: Mean Scan Speed I 8 j I—J— ﬂ Ma:-:I ﬁ
_ Number. 4 Pisel Time: 256 ps Scan Time: 1.57 zec el
Pixze Depth, Scan Direction & Scan Average @
- Zoom: 5 Data Depth aBt 126 Mode [Lre  [o] | =B
. . Methad | Mean -
- Rotation: 0 Scan Direction I — p Number m %

Zoom, Rotation & Offset

Zoam I 5 AT LA
Rotation I 0 4T M D
- 3
Offset [\ 3
O e
T Rezet
Offset = 0.00 pm
Offget ' 0.00 pm

Fig. 4-90 Settings at the LSM control

e Optimize focus position and Detector Gain [ Urnzecdti Al
value for a good LSM image (see Fig. 4-91).

e Leave the LSM image window and LSM control
window on the computer screen.

|Heady, 512% 512 1 channal , 8 hit

Fig. 4-91 LSM image of the Rh6G layer before
bleaching. Usually some texture is
observed.
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& Method Measurement - CC_STANDARD_488/633test

Task Description

Task Name I

Cloze

Speed |2 vl

Auto Save

step 4| ———_|»|[10000 pm

Caommert ;I
Sample Start
Sample Carrier IDef\ne Positions in LSM Image W LSM @
| =
Select &
Pasitions Number | % [um] 2 [pm] 2 [jurn] Lazer
1 435406 109779 |E7E +
2 435460 (110418 |E7E Add Pos
3 440050 109720 |E7E
4 440239 10391 =
Del Pos
Del List
-
Mark Pos

x: 44000250 y: -11001.500 Stage Position

Auto Save ¥ Directary ID:\EGFF’
(= -

s

Fig. 4-92 The Method Measurement window in
the LSM mode

El R ]

‘Heady, 512512, 1 channel . 8 bit

Fig. 4-93 LSM image of the Rh6G layer with

markers for FCS-LSM adjustment

Switch to FCS.

In the main toolbar press the FCS button.
Click Measurement button.

Select a suitable beam path.

Press LSM Image button.

Mark the points in the LSM image that you
want to bleach by positioning the cross and
pressing the Add button. The marked points
will be listed. Click Mark Pos to overlay the
markers in the LSM image (see Fig. 4-92 and
Fig. 4-93).

Bleach the marked sites.

Click Start. The usual FCS measurement
window appears.

Once finished, close the FCS measurement
window without saving.
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e Rescan the Rh6G layer.
- Switch to LSM mode.
- Click Single in the Scan Control.

- Once the scan is finished you see the
bleached spots (see Fig. 4-94).

e Measure the distance between the burned spots
and the markers (see Fig. 4-95).

- Click on Overlay.
- Click on the 1 pm button.

- Draw a line between the center of the
bleached spot to the vertical and horizontal
lines of the marker cross.

e Determine the average X and Y deviation values
between the markers and bleached spots.
Depending on the direction of these deviations
increase or decrease the X and Y values by the
measured mean deviation. Type these X and Y
values into Settings / LSM+ConfoCor.

= Unnamedd2 = - AIM

|Heady, 5122512, 1 channel . 8 bit

Fig. 4-94 LSM image of the Rh6G layer after
bleaching. Deviations between the
markers and the bleached spots are
noticeable.

£ Unnamed2 = - AIM

‘Ready, 512512, 1 channel , 8 bit

Fig. 4-95 LSM image after bleaching with
overlaid distance markers
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2] e Type the measured distance correction values
Meswenend | AwaSwe | LoMeCoobw | [ under Settings in the LSM + ConfoCor button
ot [ 5 o e Gt e (see Fig. 4-96). o
L I == L - i ol — If the bleached point is left to the marker:
Ofeiz [ 0 e e oo type distance in X as positive value
Egh&n?:algoethe left and botton ik the: . . '
- If the bleached point is right to the marker:
type distance in X as negative value
- If the bleached point is below the marker:
type distance in Y as positive value
- If the bleached point is right to the marker:
. . . . type distance in Y as negative value
Fig. 4-96 The Settings for user window with the yp 9
LSM+Confocor activated - Offset Z: no entry
e Check the correctness of your settings by

= Unnamed64 = - AIM

‘Heady, 512% 512 1 channel . 8 bit

Fig. 4-97 LSM image after bleaching and
correction of offset values

FCS-LSM Adjustment (Sideport ConfoCor 2) Last Calibration: None

Please scan reference image or start adjustrent!

— Seftings
Pinhale Diameter (um) 1 2, 3, 4 "
T N e
Eleach Power (%) R s Help
o esu H
Nurber of Pasiions: ¢z 4 X I +f '| Save

16
(o] i +-
Select number of measurements
(ol
R+

The Macro "Fcs-Lsm" display before
offset compensation

Fig. 4-98

repeating the
Fig. 4-97).

adjustment procedure (see

If the deviations between bleached areas and
markers is marginal, the LSM/FCS superposition
alignment is sufficient to guarantee a precision of
1T pum.

(I

Please note, that precision is higher if you

decide to make a measurement in one section of
the image rather than all over it. In this case only
deviations in that sector should be taken into
account for calculating the offset values.

(b)

Adjustment Using the LSM/FCS Macro

Before running the Macro choose a suitable
method in the Method file menu in FCS and
set the beam path for the LSM. Please, focus on
the Rhodamine 6 Green layer.

Activate the Macro toolbar by clicking the
Macro button.

Choose the Lsm-Fcs macro by clicking the
corresponding button.

The Requirements for Adjustment window
will be displayed.

Click Ok to run the Macro, Cancel to abort.

e Once Ok was chosen, the Lsm-Fcs macro window will be displayed (see Fig. 4-98).
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e Set the Pinhole diameter to 10 and the Bleach power to 1%. If holes are too weak or getting to
big you should increase or decrease the Bleach power, respectively.

e Choose the numbers of Bleach spots by checking the corresponding number.
e You have now two possibilities to continue: Stepwise or automatic.
e Stepwise Procedure:

- Press the Scan Ref button which is highlighted and labeled by a red 1. A scan is performed. Once
finished the Bleach button will be highlighted and labeled with a red 2. The 1 will turn to black.

- Press the Bleach button. The bleach is performed. The FCS evaluation window will appear. Once
ready, the Rescan button will be highlighted and labeled with a red 3. The 2 will turn to black The
FCS evaluation window will disappear.

- Press the Rescan button. The image is rescanned. You will see a number of bleached spots
according to your settings which corresponds to the positions defined by the rigid FCS beam path.
You will also see yellow crosses which are the positions of the laser beam for the LSM. Because
there might be an offset between both, crosses do not necessarily correspond with the bleached
spots. Once ready, the Autoscan button is highlighted and labeled with a red 4. The 3 will turn to
black.

— Press the Autoscan button. Once finished,
the 4 will turn black. The program will find
the burned spots which will turn red and
label them by green circles. The distance
between the green circles and yellow crosses
is indicated by the green line and the value
displayed as the R value (see Fig. 4-99). The
program also calculates the deviation in X
and Y, the values which are also displayed
under X and Y offsets (see Fig. 4-100). The
program also calculates the scan drift during
the procedure and gives a warning if the
scan drift was to great.

Autoadijust result = - AlM

— Press the Save button to store the offset
values. Deviations between LSM and FCS will
than be automatically compensated with the

corresponding offsets. Fig. 4-99 LSM image after performance of the
"Fcs-Lsm™ Macro

|Heady, 5121512, 1 channel . 8 bit

= Please note that you can do a
readjustment without leaving the Lsm-Fcs
Macro. However, all buttons will be left
highlighted and numbers will stay black.
That means that you have to watch for
yourself when one step is finished and
you have to remember, which is the next
step you have to activate.
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FCS-LSM Adjustment (Sideport ConfoCor 2)  Last Calibration: None

Ready! Save results or repeat calibration,
Close
— Seftings
Pinhole Diameter {um} 1, 2. 3, 4. "
i® _| Scan Ref | Bleach | Rescan | Auto Findl (et
Eleach Power (%) Help
58 small PH dia. to check bleaching
0
Mumber of Posiions: g 4 X I -0.471 +I'| 0.557 v
(ol
b Y| 153 +/-| 0139 |
38
R | 1687 +f-[ 0215
Fig. 4-100 The "Fcs-Lsm" Macro after offset
compensation
Current Pozitian Sample Carrier LSk Image |
Crosshair

!

Loz

Scanner I W' Stage | Fiezo Stage

Step 4 ﬂl 1 prm
Speed | 2 -] | %:0.000 Y-0.000
Fig. 4-101 Positions panel, Current Position

(I

Press the Help button if you wish to view the
Requirements for adjustment display. Press
Close to leave the Macro.

By activating the Macro a Stop Macro

window will appear. You can leave the Macro at
any time by pressing the Stop Macro button.

Automatic Procedure:

(9]

of the Laser Beam

— Press the Auto Adjust button. The Macro
will automatically perform Steps 1. to 4. The
corresponding submenu button will be

highlighted.

- Once finished, offsets are displayed. Press
Save to store the offsets, Help to view the
Requirements for adjustment display or
Close to leave the Macro.

Determination of the Fixed X,Y Position
in the Measurement...

Window in the Current Position mode

Get a LSM image of a Rh6G layer.
— Go to Current Position mode
- Click the Crosshair button (see Fig. 4-101).

Perform a bleach at the position of the fixed
laser beam.

— Click Start. The usual FCS measurement
window appears.

— Once finished, close the FCS measurement
window without saving.

Rescan the Rh6G layer.
- Click Single in the Scan Control.

- Once the scan is finished you see a bleached
spot corresponding to the position of the
rigid laser beam (see Fig. 4-102).
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ISy

Since the scanners are parked, the spot
should lie in the center of the image, if no
crop function and offsets were used.

e Record the position of the spot.

ISy

(2)

No co

With the crosshair. Place crosshair above the
bleached spot (see Fig. 4-103). We
recommend to use the crosshair for
positioning your cell.

With the cursor. Make sure that under
Options / LSM Settings in the Image
Status Display tab the Pixel Intensity box
is checked to activate the display of the
coordinates. The coordinates will than be
displayed at the lower bar of the image.

With an overlay arrow. Click Overlay and
activate the Arrow button. Place the
arrowhead in the middle of the spot.

If the Position box is checked, the
Crosshair function is inactivated.

Alignment in Z

mpensation in z is necessary

|Heady, 5122512, 1 channel . 8 bit

Fig. 4-102 LSM image after bleaching
Method Optimization

in the

|Heady, 5122512, 1 channel . 8 bit

Fig. 4-103  LSM image after bleaching with

crosshair

03/06

B 45-0015 e

4-91



OPERATION OF CONFOCOR 3 IN EXPERT MODE
Carl Zeiss ConfoCor Menu for ConfoCor 3 ConfoCor 3

4.4.19.2 Determination of the Offset between LSM Scanner and FCS Scanner Positioning

There is no need to compensate between defined positions and the actual measurement positions
because of scanning mirror positioning. However, the precise arrest position of the mirrors depend on the
used scan zoom and speed. To adjust for differences, the compensation sliders of the bidirectional Scan
can be adjusted. For the Method Optimization in the Crosshair mode you locate the position of the
beam and place the structure of interest at the defined site. For Z adjustment you have to use the
Method Optimization window. In all cases you need a thin layer of a fluorescent dye, preferentially
Rhodamine 6 Green, dried on a glass bottom of for example a Labtec 8-well chamber.

Alignment in X, Y in the Positions Mode

No compensation is necessary. A defined site is positioned by the scanning mirrors with pixel precision
(see Fig. 4-104).

£ Image 1*- AIM

Fieady. 512512, 1 channel . 8 bi

Fig. 4-104  Bleaching of a spot in a dye layer in Method Optimize via Position list.
Note the correspondence of the defined (cross) and actual (bleached
spot) positions.
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To compensate for Scan Zoom and Scan Speed go
to Scan Control under Mode. Use a sample with
high contrast, like "Convolaria", and focus.
Activate Bidirectional Scan (bended arrow) under
Scan direction (see Fig. 4-105). During scanning
press the Auto button. The system will adjust
automatically the Scan Corr X and Y values.
Alternatively you can do the compensation
manually.

To this end use an edge of a structure or a line. If
the Scan Corr is not adjusted, you will see a pixel
shift (see Fig. 4-106).

Move the Scan Corr X slider until the pixel shift is
at the minimum (see Fig. 4-107). Rotate the image
by 90 degrees and redo the same adjustment for
Scan Corr Y.

Pixel Depth, Scan Direction & Scan Average

Data Depth I 5 Bit 12 Bit | Mode | Line =l

Method IMean v|
Scan Direction —’ || p Mumber |-| vl

Scan Comr X jl _i ﬂ
Scan Cor Y Ile _i ﬂ Pd.rlol

Fig. 4-105 The Pixel Depth, Scan Direction & Scan
Average Window

= Image 16+ - AIM
v

. [=1 3
elec! isplay ‘o
an " uto
5
e (L) in
U
T
] T
ontr EET
+£-
alette st ouse
i rafile
euse B
0 B
e B
a B
. -
ave

|Headv, 2048 % 2048 , 1 channe! , 8 bit

Fig. 4-106 Image of a line before scan correction

with pixel shift in

[SEmagets:-am

i

Ze

|Ready, 2048 x 2048 . 1 channel . 8 bit

Fig. 4-107 Image of a line after pixel shift

compensation in X
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4.5 Data Evaluation and Result Presentation for FCS Measurements
4.5.1 Structure of the Data Evaluation Window

The data evaluation window (Fig. 4-108) of the FCS software part corresponds to the basic structure of
other Microsoft ® WINDOWS applications.

The control line at the top of the data evaluation window contains the control menu for the data
evaluation window (identical to Microsoft ® WINDOWS), the name of the displayed data file, and the
Minimize, Maximize and Close buttons (identical to Microsoft ® WINDOWS).

In the status line at the bottom of the data evaluation window, the progress of a current measuring
procedure are shown online. During the measurement you can stop the procedure by clicking the Stop
button.

The major part of the window contents the measuring results (graph and table) corresponding to the
selected display modes.

To its right, the Display toolbar is always shown in the standard setting. Depending on whether some

buttons in the Display toolbar are activated / deactivated, further toolbars (e.g.: Correlation, Print, Fit)
are displayed / not displayed on the right-hand side of the data evaluation window.

The data evaluation window can be moved as required within the screen, and its vertical, horizontal and
diagonal size can be matched to the current requirements (identical to Microsoft ® WINDOWS).
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Fig. 4-108

Data evaluation window
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4.5.2 Open / Close the Data Evaluation Window

e Click Start either from the Measure window to trigger a new measurement, or open an existing data
file from the database by pressing the Open FCS button.
- The Data Evaluation window will appear (Fig. 4-108).

e Click the Close button to leave the Data evaluation window.

Formats that will be recognized by pressing the Open FCS button include:

- ConfoCor1 data files. If more than 1 file is selected they will be opened in the same Data
Evaluation window. According to the setting at the Average selection box in the Table
Properties window, which is obtained by clicking the right mouse button within the table and
selecting Properties, the average of the correlation or the average of the fit results are shown in
the last row.

- ConfoCor 2 and 3 data files (*.fcs). Each data file will be opened in a separate Data evaluation
window.

15y Note, that exported data files will be opened within the same window. ConfoCor 2 raw data
files: Each file will be opened in a different Data evaluation window.
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4.5.3 Description of the Raw Data Format
4.5.3.1 ConfoCor 1

For the ConfoCor 1 no raw data format was available

4,5.3.2 ConfoCor 2

This raw data format is the one for ConfoCor 2 (and ConfoCor 3) data files of Rel 3.5 and lower.

The data format is an exact representation of the dual channel photon trace within the limits given by the
digitalization. This means that the data are recorded without losses within these limits.

The basic idea is to record the time between subsequent pulses from the detector in units of elapsed
clock cycles (run length encoding). However, the format is modified to conserve space at high count rates
and to be capable to handle dual channel data.

Data will be recorded in 16 bit words. Whenever a pulse is detected or the counter counting the clock
cycles overruns 255 (FF hex), a word will be recorded. The word will contain information how many clock
cycles elapsed (7 ... 255) since the last word had been recorded and additionally what happened in the
four cycles of data generation bt71 ... bt4.

The recorded word has the following structure:

Bit Meaning
0(LSB)...7 clock counter value (starting at 1) during the triggering event

trigger events are pulse recordings or counter overruns
zero is reserved and only transmitted at the end of the measurement

8 1, if pulse recorded in channel 1 during cycle bt1; else 0

9 1, if pulse recorded in channel 2 during cycle bt1; else O

10 1, if pulse recorded in channel 1 during cycle bt2; else 0

11 1, if pulse recorded in channel 2 during cycle bt2; else 0

12 1, if pulse recorded in channel 1 during cycle bt3; else 0

13 1, if pulse recorded in channel 2 during cycle bt3; else 0

14 1, if pulse recorded in channel 1 during cycle bt4; else O

15 (MSB) 1, if pulse recorded in channel 2 during cycle bt4; else 0
Table 1 Structure of the recorded word

We hope the two examples will make these statements clearer. The tables show part of the running pulse
train (from left to right) divided into clock cycles. "1" in the corresponding box indicates that a pulse
arrived in this cycle. The "counter"” row shows the counter readings. The lowest row indicates when the
word has been recorded.
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Example 1
The following words will be recorded:

- at W1:
high byte: 00011001(bin) = 19 (hex); low byte: 123 (dec) = 7B (hex); resulting word = 7B19 (hex)

- atW2:
high byte: 00000000(bin) = 00 (hex); low byte: 255 (dec) = FF (hex); resulting word = FFOO (hex)

bt1 | bt2 | bt3 | btd bt1 | bt2 | bt3 | bt4
CH 1 1 1
CH2 1
counter | 120|121 (122|123 | O 0 0 1 2 3 4 .. |2541255| O 0 0 1 2
i )
W1 W2
Table 2 Example 1
Example 2

The following words will be recorded:

- at W3:
high byte: 00010001(bin) = 11 (hex); low byte: 123 (dec) = 7B (hex); resulting word = 7B11 (hex)

- at W4
high byte: 00100100(bin) = 24 (hex); low byte: 255 (dec) = FF (hex); resulting word = FF24 (hex)

bt1 | bt2 | bt3 | bt4 bt1 | bt2 | bt3 | bt4
CH1 1 1 1
CH2 1
counter 120 [ 12111221123 | O 0 0 1 2 3 4 .. | 2541255 O 0 0 1 2
i N
W3 w4

Table 3 Example 2

The clock runs at a clock rate of 20 MHz. This means a maximum data rate of 10 Mbyte/s. If no pulses
are recorded, the clock rate drops to approx. 155 Kbyte/s according to counter overflows.

The first 30 bytes of the raw data file contain the comment "ConfoCor_2_-_Raw_data_file_1.0" and
have to be ignored.
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4.5.3.3 ConfoCor 3
This raw data format is for ConfoCor 3 (and ConfoCor 2) Rel 4.0 and higher.

= In the ConfoCor 3 the format is already processed into one that describes the time distance
between photons.

Raw data files can be opened directly. They are also opened automatically if linked to an .fcs
measurement. In this case all raw data files associated with the .fcs file will be opened in the same
window automatically.

The format is explained in a figure (Fig. 4-109). The figure displays the raw data in an editor that shows
the raw data in file offset, hexadecimal and as ASCII.

File Hexadecimal ASCH
offset

000000 [43 6L 72 GC 20 G& 65 69 73 73 20 43 6F GE 66 OF| [Carl Zeiss Confd) T
000010 |43 6F 72 33 20 2D 20 72 61 77 20 €4 61 74 61 20| [Cor3 - raw data [ File identifier (incl. channel)

000020 |66 69 &C &5 20 2D 20 76 &5 72 73 69 6F 6E 20 33| |file - versicn 3 .

000030 [2E 30 20 2D 20 43 68 61 6E 6FE 65 6C 20 32 .0 — Channel 2 [ Measurement identifier

000040 27 E1 A3 17 BE 4FE 53 3 47 DS OF AB E2 F2]00 00 [ Position (zero based)

[ Kinetics index {zero based)

[IRepetition (zero based)

CIReserved {set to 0)

CIFirst pulse distance in
detector clocks

000050 00 00j00 00 00 00[00 00 00 oofoo o0 00 00f7F 00
000060 00 00[92 00 00 00 4C 00 00 OO0 09 00 00 00 0D OO0
000070 00 0O 45 00 00 00 OB O1 0O 0O CB OO0 00 (00 4D OO
Qooos0 00 0O FE O1 00 00 E4 02 00 0O 66 00 00 00 12 OO
000090 00 0O BY 00 OO0 0O A1 00 0O 0O A2 00 00 00 2E 02
000020 00 0O D3 00 OO0 0O 56 04 0O 0O 1D 00 00 00 2E OO
0000b0 00 0O CA OO0 OO0 0O &3 01 00 00 9C 00 00 00 ES OO
0000cO 00 0O 36 00 OO0 0O C7 00 0O 0O 45 00 00 00 &9 OO
0o00d0 00 0O 39 00 00 0O 01 01 0O 0O 80 01 00 00 BE 01
0000e0 00 0O B6 OO0 OO0 0O &7 OO0 0O 0O 47 00 00 00 91 00
Q000£0 00 0O 15 00 OO0 0O ES 00 0O 0O BFE 00 00 00 23 00
000100 00 0O 22 00 00 DO 40 00 0O 0O 9C OO0 OO0 00 OD OO
000110 00 0O 47 01 00 00 E9 00 0O 00 20 OO0 00 OO0 &4 OO
0ooiz20 00 0O AF OO0 OO0 0O 05 00 0O 0O 59 00 00 00 DD OO

Raw data start at file offset
3E(hex) = 94 {dec)

Fig. 4-109  ConfoCor 3 format

The first 52 bytes (bytes 1-52) represent the File identifier with the channel number. The identifier is a
randomly created number that will be assigned to all repetitions of the same measurement.

The next 16 bytes (bytes 53-68) is the measurement identifier. This will be assigned to all channels of the
same repetition. Hence, in a cross-correlation experiment, the two auto-correlation pairs that belong
together can be identified.

The next 4 bytes (bytes 69-72) encode the position of the measurement and are zero based.
The next 4 bytes (bytes 73-76) encode the kinetic index and are zero based.

The next 4 bytes (bytes 77-80) encode the repetition number and are zero based.

The next 4 bytes (bytes 81-84) are reserved for comments an set to O.

The next 4 bytes (bytes 85 -corresponding to a file offset of 5E (hex)=94 (dec)-to 88) code for the first
pulse distance in detector clocks.

The next bytes (starting from byte 89) code for follow up pulse distances.
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4.5.4 Display - Correlation

e |f not selected, click on the Correlation button to activate the Correlation display mode.

- The Correlation display toolbar will appear to the right of the Data Evaluation window
(Fig. 4-108).

Up to four windows with different graphs become visible in the upper left part of the window depending
on the activated Diagrams buttons. By clicking on the appropriate button, the diagram can be toggled
between ON and OFF. The size of the diagrams can be matched as required by moving the border lines.
Click on the border line, hold down the mouse button, move the line in the required direction; and
release the mouse button.

The measuring results are displayed in a table below the diagrams. The width of the columns can also be
changed by moving the border lines. The order of the columns can also be changed. For this purpose,
click on the head line of the relevant column, hold down the mouse button and move the column to the
required position. When the mouse button is released, the column is inserted in the new position.

If more than one line of the table is selected, an appropriate legend can be added to the diagrams by
activating the required Diagram Legend check boxes.

To select a line in the table, click on it with the mouse (multiple choice is possible by additionally pressing
the Shift or Ctrl key). Selected lines are highlighted in color.

After completion of the measurement, the correlation curves are fitted to the model curve using the
parameters provided by the measurement method.

The fitting results are written into the table in the lower part of the window.

Any line of the table can be made the current one by clicking on it. This also means that the
corresponding graphs are shown in the displays.

Pressing the right mouse button, when the cursor Select all
is within the table, will open a menu (see Fig.

4-110) offering different options (see next page): delzetel aremrels

Select all repetitions
Select Al positians
Select all kinetic indexes
Delete

—uk

Copy
Paske

Copy kext ba clip board
Write texk to file

Properties

Fig. 4-110  Table menu
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Select all
Select all channels

Select all
repetitions

Select all positions

Select all kinetic
indices

Delete
Cut

Paste

Copy text to
clipboard

Write text to file

All the channels from the different measurement and the average channels will be
selected.

All channels belonging to the currently selected one and to one measurement of
repetitive measurements will be selected and highlighted.

All channels belonging to the currently highlighted one of repetitive

measurements will be selected and highlighted.

All channels belonging to the same measurement position than the highlighted
channel will be selected.

All channels belonging to the same kinetic time point than the highlighted
channel will be selected.

The highlighted columns will be deleted.

The highlighted columns will be stored in the clipboard. Only if the data are
pasted in a new window, the data are deleted from the old one.

Will paste columns currently stored in the clipboard into the table.

The table will be copied into the clipboard and can be opened in other Text
programs.

Will store the table in a .txt file. You will be prompted to choose a name and a
folder.

Properties Choosing Properties will open the Table Properties window (see Fig. 4-111).
If the Show standard deviation box is checked,

Show standard deviation [V

Sort arder

Channel - repetition - position - kinetics

Fepetition - channel - position - kinetics

all parameters will be displayed with their values
Ok and the calculated standard deviation from
different measurements.

Fepetition - pozition - channel - kinetics

In the Sort order display window you can choose,
how different measurements are grouped
together. The hierarchy of grouping of categories
is determined by their listed sequence.

Fepetition - pozition - kinetics - channel Cancel

dwerags Fit results

Carrelation results

Dizplayed colurmtg Mumber

Measurement

Correlation
Counts per molecule

o

Date In the Average display window you can select,
e how the data are averaged. You can either select
Count rate Fit Results, in which case the single values of the

parameters are averaged, or Correlation results,
where the single data points of each correlation
functions are averaged and an average correlation
function is calculated.

Fig. 4-111 Table properties window

(I

Please note, only in the latter case the displayed average correlation function can be
meaningfully fitted.

The Displayed columns selection window allows you to change the appearance of the table with regard
to columns to be displayed. All parameters with their boxes checked will be displayed.

The table of measuring rows in the lower part of the Data Evaluation window contains a check box on
the left-hand side of each row. Deactivation of these check boxes will exclude the relevant rows from all
subsequent evaluation procedures. These settings will be stored by saving the data.

However, immediate reactivation is possible via the check box, if required.
The order of the displayed columns can be adjusted using drag and drop.
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The Correlation toolbar contains the following function elements for different displays:

I i Count Rate Trace button

Shows the Count Rate diagram: Here the count rate(s) vs. running time is displayed. If a cross correlation
set-up is used, the count rate trace for each channel is displayed. If you have set an electronic dust filter
in Processing or loaded Raw data files with an electronic dust filter activated the cut off regions will be
displayed as grayed out areas. Correlation analysis is than performed separately with all sections of the
correlation curves that are disrupted by cut off regions and the calculated curves are averaged.

You can zoom in the image by pressing the left mouse button and drawing a rectangle of the area you
want to zoom in. If the button is disengaged, the zoom image is displayed.

By clicking the right mouse button you obtain the

. Reset diagram zoom
count rate context menu (see Fig. 4-112). 4

If you have zoomed in, you can go to the original [Wew cut region
image size by choosing the Reset diagram zoom Remowve cut regian
option.

Remove all cut regions

If you have a raw data file available, you can define
cut regions by choosing the New cut region Copy text to clip board
option. The cut region size can be adapted by two : :

sliders. The cut out region is thereby displayed as a ezt e
matted box (see Fig. 4-113). You can select
independent cut regions for different channels of a
cross correlation experiments. In cross-correlation Crdinate logarithmic
calculations, a cut region in one channel will
automatically define the same cut region in the
other channel. You can select more cut regions by
repeatedly choosing this option.

fbscissa logarithmic

Fig. 4-112  Count Rate menu

Count rate [kHz]
500

Fan
[=iuli]
500
400
300
200
100 - T T T T T T T T T

1] 1 2 3 4 ] B 7 g 9
Time (5]

Fig. 4-113  Cut Out Regions

These regions can overlap. Remove cut region will remove the last cut region. By repeatedly choosing
this option, the cut regions in the reverse order of their creation will be removed. Remove all cut
regions will remove all cut regions simultaneously.

15y Note, that the remaining parts of the count rate will be separately correlated and the average
will be calculated and displayed. Copy text to clipboard will copy the diagram coordinates into
the clipboard, from which they can be pasted into other programs like Excel. Write text to file
will store the diagram coordinates in a .txt file. You will be prompted to choose a name and a
folder before saving.

e Choosing Abscissa logarithmic or Ordinate logarithmic will display the abscissa or ordinate in a
logarithmic scaling.
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I B Correlation Curve button

Shows the Correlation Curve graph: In case of auto correlation measurement, the developing
correlation curve is displayed. In case of cross correlation measurement, three curves will be shown: the
two auto correlation curves for each of the channels and the cross correlation curve.

The zoom function can be used to display certain diagram areas of interest in an enlarged form: Use the
left mouse button to click on the margin of the area of interest in the diagram, keep the mouse button
pressed and draw a rectangular above the area of interest in any required direction. On release of the
mouse button, the selected area is displayed in an enlarged form in the diagram. The scaling of axes is
matched automatically.

By clicking the right mouse button you can choose between different options in the context menu (see
correlation-menu).

The context menu of the relevant diagram can be used to reset the zoom to its original value.
e Click on the diagram with the right mouse button.

- The context menu is opened.
e Click on the line Reset Diagram Zoom with the left mouse button.

— The zoom value is reset.

The data (measuring values) of each diagram can be copied to the clipboard or stored directly as an ASCII
file via the context menu.

e Click on the diagram with the right mouse button to open the context menu.

e Select the line Copy data to clipboard with a click of the mouse if you want to insert the data
directly into other WINDOWS programs via the clipboard. The Paste function permits direct insertion
of these data into the required program.

e Select Write text to file to store the data in an external ASCII file (.txt). Normalized values will also be
exported in this way.

I3 Note that the Export button in the Display Correlation window will only export the original
values.
The diagram display can be manipulated with the context menu as follows:
e Click on the diagram with the right mouse button to open the context menu.
- Selection of Abscissa logarithmic will scale the x-axis logarithmically.
- Selection of Ordinate logarithmic will scale the y-axis logarithmically.

- Selection of Normalize will normalize the curves to 2 in the following way (see Fig. 4-115):
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The G(0) value corresponding to the number of diffusing particles will be normalized to 2, not the total
correlation to which also other processes like triplet state can contribute. All other values (subtracted by
1) will than be multiplied by the correction factor defined by the ratio of 1 to [G(r )-1] and increased by1,
hence G (1) =[1/ (G(0)-1) * (G(r)-1)]+1. Deactivating Normalize will display the normal correlation

normalized

curve (see Fig. 4-114).

G(t)
45

40
35+
30+
259
207
154
104

0.5 T T T T T T T

1e-006 0.00001 0.0001 0.001 0.0 01 1
Time (2]

Fig. 4-114  The Correlation Curve window in normal display

G [ t]-normalized

35+
a0
25
20

15

1.0

05 T T T T T T T

1e-006 0.00001 0.0001 0.001 0m 01 1
Time (=]

Fig. 4-115  The Correlation Curve window in normalized display

I LA Count Rate Histogram button

Shows the Count Rate histogram: To obtain this histogram, the number of pulses (or: photons recorded
from the detector) in a moving time window are recorded and included in a histogram. You can
determine the binning time in Processing under PCH or ilf you load a raw data file with the Reload
button.

You can zoom in the image by pressing the left mouse button and drawing a rectangle of the area you
want to zoom in. If the button is disengaged, the zoom image is displayed.

By clicking the right mouse button you can choose between different options in the context menu.

If you have zoomed in, you can go to the original image size by choosing the Reset diagram zoom
option.
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Copy text to clipboard will copy the diagram coordinates into the clipboard, from which they can be
pasted into other programs like Excel. Write text to file will store the diagram coordinates in a .txt file.
You will be prompted to choose a name and a folder before saving.

Choosing Abscissa logarithmic or Ordinate logarithmic will display the abscissa or ordinate in a
logarithmic scaling.

I = Pulse Density button

Shows the Pulse Density histogram: Here the times elapsed between two subsequent pulses (or:
photons recorded from the detector) are measured and the times are included in a histogram.

You can zoom in the image by pressing the left mouse button and drawing a rectangle of the area you
want to zoom in. If the button is disengaged, the zoom image is displayed.

By clicking the right mouse button you can choose between different options in the context menu (see
pdh-menu).

Copy text to clipboard will copy the diagram coordinates into the clipboard, from which they can be
pasted into other programs like Excel. Write text to file will store the diagram coordinates in a .txt file.
You will be prompted to choose a name and a folder before saving.

Choosing Abscissa logarithmic or Ordinate logarithmic will display the abscissa or ordinate in a
logarithmic scaling.

3>  Note that, normalization only works for a curve, for which a fit has been conducted in the Fit
window.
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455 Display - Fit

e Click on the Fit button to activate the Fit display mode.
- A Fit menu subordinate will appear (Fig. 4-116).

In general this menu allows you to work with already measured and probably also fitted correlation
curves. The intention is to have the possibility of performing another fit using different fitting parameters
if the automatic fit did not yield optimal results.

_iolx]
EE[Q Modsl:  [IKfAD1T -
Charnel: Auto correlation Ch2 Class
40 ’\\ Parameler [Value [Tope [Lower lmit  [Upperfimit_[Link
35 Number patticles (0,323 [Free o000 [tesmin | Gt
[ mplituds Canelalion
309 G ecmetiic cormection |1.000 Fiserd 0.000 14010
25 Triplet state =
. Fraction [%] 12.019 Free 0.000 100.000
20 Fedasation time [ps] [2.344 Fee 0.000 Te010 _
Eumpunent 1 Coincidence
15 . -
Fraction [%] 100000 [Fied  [0.000 100,000 Ay
1.0 o — Diffusion time: [us]  |26.971 Fiee 0.000 Te+I0 Preview
Stuctural parameter |B.430 Fiee 0.000 Te+010
05 - | ; ‘ | | =
1eO0E 000001 00001 0.001 ool 01 1 Save Data
Tirme [3)
Fitrange: 160 psto1.05s Save Toble
G [ t] - Fit deviation B
015
010 State : Copy Table
005 ===
0.00 R
005 Lopy Graphs|
010 @]
-015 T T T T T T T
i) e ] Export
1eD0E  0.00001  0.0001 0.001 oot o1 1 @ —
Time [s] Fit Fit &ll Undo Redo To method @
Reuse
Murmber| Repetition | Count rate | Counts per| Amplituce Triplet state | Triplet state Component1| Translation =
[kHz] molecule | Number particles | Fraction Relaxation time | Diffusion time | Stuctural parameter EH-~+
[kHz] [%] [s] [hs] | Geked |
v [ [ 24.212 73838 0.328 9.927 31385 26.085 G663 *
v 7 7 24.057 75.244 0.320 13.579 1.921 27.047 7569 |r%u
v 8 ki 24.361 70.535 0.344 10.626 3618 28.154 6183
v 9 q 24.388 73635 0.331 13311 2.840 27.462 6140
I 0 10. 0 54911
=z i - =
[Ready

Fig. 4-116  Display fit

The upper graph shows the correlation curve with the overlaid fit graph. It also displays the fit range
defined by the red (start value) and the blue (end value) bars. The lower graph depicts the fit residuals.

e Select one or more channels in the lower table. The last activated channel will be displayed in the
Channel display.

e Use the Model pull down menu to select a predefined model. All the terms and components of the
model will be displayed activated. All parameters to one term are listed as a block in the Parameter
column. The parameters’ values are displayed in the Values column.

e You can deselect and select terms by de-checking / checking the boxes on the left of each term.

e Set the range of the curves to be fitted by setting the red and blue bars in the curve fit window. Press
the Fit button to fit the loaded curves to the model. If you press Fit all the other channels in the
window corresponding to the highlighted ones will be fitted as well.

I3>  Note, all other channels will not be fitted and the model has to be selected anew, if such a
channel is selected.
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P.arameter |Value |T_l,lpe |L0werlimit |Upperlimit |Link ° An additional buttOh bal’ (Free le or Start)
[v] smplitude . . . ~! ;

Geometiic correction [1.000 Fied  |0.000 Te+010 will appear if you click at the right-hand side of

Mumber particles 0.000 Free 0.000 Te+010 the parameter flelds |n the Type Co|umn (See
[w] Triplet state F 4 117)

Fraction [%] 0.000 ~ [0.000 100,000 9. 4- :

Relaxation time [us] |0.000 Stat  |0.000 Te-010 .
BHZZ’LZD” Imm - : - If you select Free, the parameter 'WI|| be

Fraction [%] 0.000 Fired  |0.000 100.000 defined as free. After the fit, the field will
g‘oia::n"::t‘;m[”sl 0000 [Free 0000  Nle-OT0 contain the fit result for the parameter. The

Fraction [] 0.000 Fee 0000 100,000 start values of the parameter (initial guesses)

Brightness 1.000 Fised  |0.000 Te+010 will be calculated by an algorithm.

Diffugion time [ps] 0.000 Free 0.000 Te+010

Structural parameter (5,000 Free 0.000 1e+010 _ le aHOWS you to f|x the parameter' Th|s iS

useful if you know its value from other

Fig. 4-117  Fit Type selection
measurements.

- Start will assign a start value to the
parameter and leaves the parameter free to
fit. In this case, no initial guesses will be
made.

e Upper and lower values for the fit parameters can be entered in the fields under the Upper limit and
Lower limit columns. Defaults are the extreme possible values. If fit limits are exceeded, the fit will try
to find another solution or will fail.

e Parameters can be linked globally by an additional button bar (link measurement M, link kinetic
indexes K, link positions P, link repetitions R, link channels C). You can select the type of linkage
by checking the corresponding boxes. After closing the button bar, the linkage type is displayed as a
one letter abbreviations. If a linkage is activated that does not apply for a measurement, it will be just
disregarded. Global fitting will fit all linked parameters of different measurements to the same value.
On-off measurements will interfere with global fitting and should be deactivated. The following
linkages of a parameter is possible:

Link measurement: links a parameter from different measurements

Link kinetic indexes: links a parameter from the same time points

Link positions: links a parameter obtained from measurements at the same site
Link repetitions: links a parameter for all repetitions of one measurement

Link channels: link a parameter for the same channels

e Start Channel and End Channel enable you to determine which part of the correlation curve should
be fitted to the model. Moving the red or blue line with the mouse permits the parameters Start
Channel and End Channel to be determined directly in the Correlation-Time diagram. The start and
end position of the channels will be displayed as the absolute position (1 — 255) or correlation times (in
usec) and are represented by the red and blue bar, respectively.

(1y Caution: The numbers indicate which channels are used for correlation. If you want to know
the number of channels omitted from the respective end you have to subtract the Start
channel number by 1 and subtract from 255 the End channel number, respectively.

The State display box informs you about the fitting conditions. The quality of the fit is displayed in the
chi® display box of the result table. The X’ (chi®) value should approach zero for highest quality.

e When you are finished, click the Fit button and the fit procedure will b e run for the fit settings field
(on the right-hand side of the diagrams).

- When the fit is completed, the free parameters will be replaced with the new fitting results and the
fit result graph in the correlation curve diagram will be redrawn.
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- The result table will also be updated for the highlighted channels.

e \With a click on the Fit all button, the fit procedure is performed for all activated measurements (via
the check box of the row) in the result table of those channels that were of the same type as the
highlighted ones.

e With the Undo button, you can cancel a previous command. Repeatedly pressing will cancel
commands in the reverse of their execution. The Redo button will re-execute the previous undone
command. Repeatedly pressing will re-execute previous undone commands in the order of their
previous execution.

The ToMethod function permits the fitted parameters to be transferred directly to an existing or a new
Measuring Method.

e Open the Measure window by clicking the appropriate button in the ConfoCor subordinate toolbar
of the Main menu and press the Processing button. Choose the same model as used in the fit.

e Then click on the Write to Method button.

The parameters of the selected fitting model are assigned to the method selected in the Processing
window and stored.

e If the parameters shall be assigned to a new method, click on the Save button and enter a new name
for the method in the appearing Save Method window. Confirm your entry by clicking on OK.

I3>  All the result table functions in the Fit mode are identical to those in the Correlation mode.

The zoom function can be used to display certain Reset diagram zoom
diagram areas of interest in an enlarged form:

e Use the left mouse button to click on the Copy text to clip board

margin of an area of interest in the diagram, Write bext ko file
keep the mouse button pressed and draw a

rectangular above the area of interest in any v Abscissa logarithmic
required direction. On release of the mouse ordinate logarithmic

button, the selected area is displayed in an
enlarged form in the diagram. The scaling of _
axis is matched automatically. Mormalize

v Show fik range kext

v Yiew measured daka

The context menu can be used to reset the zoom Fig. 4-118  Context menu of the
to its original value. Fit diagram

e Click on the diagram with the right mouse button to open the context menu (see Fig. 4-118).

e A click on the Reset Diagram Zoom with the left mouse button will reset the zoom value.

The data of the diagram can be copied to the clipboard or stored directly as an ASCII file via the Context
menu.

e Click on the diagram with the right mouse button to open the context menu.
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e Select the line Copy data to clipboard with a click of the mouse if you want to insert the data
directly into other WINDOWS programs via the clipboard. The Paste function permits direct insertion
of these data into the required program.

e Select Write to file to store the data in an external ASCII file (.txt). Only the coordinates of displayed
curves are exported.

The display of the diagram can be adapted by use of the context menu.

e Click on the diagram with the right mouse button to open the context menu.

e Select Abscissa logarithmic or Ordinate logarithmic to scale the x- or y-axis, respectively,

logarithmically.

Glt]
45

40
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30
25
20
15

1.0

R
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1e-006

Qo000 0.000 0.0m 0o 01 1
Time [z]

Fit range: 1.60 psta 1.05

Fig. 4-119

Correlation Curve window in normal display

e Select View measured data will display the measured Correlation curve in addition to the Fit curve
(see Fig. 4-119). If this option is not selected, only the Fit curve is displayed (see Fig. 4-121).

e Select Normalize to display the correlation curves in a normalized form (see Fig. 4-120). The
amplitude of the diffusion contribution will be normalized to 2, not the total amplitude.

e Select Show fit range text to display the start and end values of the fitted data defined by the red

and blue bars.
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Fig. 4-120  Correlation Curve window in normalized display
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Fig. 4-121 Correlation Curve window in fit curve display ("View measured data"
unchecked)

The zoom function can be used to display certain areas of interest in the Fit deviation diagram see fit-
deviation-window) in an enlarged form:

e Use the left mouse button to click on the margin of the area of interest in the Fit deviation diagram,
keep the mouse button pressed and draw a rectangular above the area of interest in any required
direction. On release of the mouse button, the selected area is displayed in the diagram in an enlarged
form. The scaling of axes is matched automatically.
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Reset diagram zoom
Scaling

Copy kext ko clip board
Write bext ko file

v Abscissa logarithmic
Crdinake logarithric

Fig. 4-122  Context menu of the
Fit deviation diagram

Scale range ratio I'I 1] 4

Cancel |

Fig. 4-123  Diagram scaling window

The context menu of the Fit deviation diagram
(can be used to reset the zoom to its original value
(see fit-deviation-context).

e Click on the diagram with the right mouse
button.

— The context menu (see Fig. 4-122) is opened.

e Click on the line Reset Diagram Zoom with
the left mouse button.

— The zoom value is reset.

The scaling of the G(t) axis of the Fit deviation
diagram can be varied in percentage values of the
fit scaling via the context menu.

e (lick on the diagram with the right mouse
button to open the context menu.

e Select the line Scaling with a click of the
mouse.

- The Diagram scaling window (see Fig. 4-123) is opened.

e Enter the required percentage value (from 1 to 100) for the scaling and click on OK.

- The scaling is changed accordingly.

- Enter Cancel if you want too close the window without changes

The data of the diagram can be copied to the clipboard or stored directly as an ASCII file via the context

menu.

e Click on the diagram with the right mouse button to open the context menu.

e Select the line Copy data to clipboard with a click of the mouse if you want to insert the data
directly into other WINDOWS programs via the clipboard. The Paste function permits direct insertion

of these data into the required program.

e Select Write to file to store the data in en external ASCII file (.txt).

The table of measuring rows in the lower part of the Data Evaluation window contains a check box on
the left-hand side of each row. Deactivation of these check boxes will exclude the relevant rows from all

subsequent evaluation procedures.

However, immediate reactivation is possible via the check box, if required.
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4.5.6 Display - Coincidence

e Click on the Coincidence button to activate the Coincidence display mode.

- The coincidence analysis generates a two-dimensional color-coded count rate histogram
(Fig. 4-124).

This is an alternative to the standard correlation analysis during rare event detection. If the FCS is used to
look for small amounts of double-labeled objects (molecules, aggregates etc.) in liquids, the
measurement time to generate a correlation curve which can be evaluated by the standard model may be
prohibitively long. As a rule of thumb, approximately 1000 transitions of labeled aggregates are required
to generate a correlation curve of sufficient quality.

il
Count rate Auto comelation Ch2 (kHz)
18 Close
16 Glt)
Canrelation
4 Fit
12 Coincidence
10 Preview
g Save Data
Save Table
B "
_ Copy Table
14 16 18 an 2z 24 26 28 0l
Count rate Auta correlation Chl [kHz) Copy Graphs
- | - @
0 1 2 Export
Frequency
Reuse
MNumber Date Time Repetition Channel Count rate | Correlation | Counts per| Offse= =
[kHz] molecule | Offs &~
Reload
L
v 2 1/5/2006 | 15:10:13 1 Auto correlation Che 3515 2425 13584 1.000 Ir}a
v 3 1/5/2006 | 15:10:13 1 Auta correlation Chi 19.799 1.433 8.562 1.000
I 4 1/5/2006 15:10:13 awverage Cross correlation Che ws. Chi 1.669
I 5 1/5/2006 15:10:35 2 Cross correlation Ch2 ws Chi 1.460 1.000=|
V¥4 | o
|Heady

Fig. 4-124  Coincidence diagram window

During the measurement in small time windows the count rates in channel 1 (red) and channel 2 (blue)
are registered and the respective frequencies are calculated. The coordinates of the entry respective to
the x- and y-axes of the diagram are given. Once the coordinates of the cell are found, the value will be
incremented.

If double-labeled aggregates are present, the diagonal of the diagram will be populated.

1y All the table functions in the Coincidence mode are identical to those in the Correlation mode
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4.5.7

e C(lick on the Preview button to activate the Preview display mode.

Display - Preview

- A print preview and the additional Print subordinate toolbar will appear on the screen (Fig. 4-125).

il FCS results 4 - ConfoCor
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Fig. 4-125

Preview / Print window

The Preview / Print window shows an overview, as a table and/or a graph, of the results of a
measurements and the relevant measuring parameters of the used measuring method. This result
overview can be printed directly on a connected printer.

For this purpose, the following function buttons are available in the Print subordinate toolbar (at the

right-hand side of the Preview / Print window):

Print button

Starts the print function.

Setup button

Opens the printer setup window to set the print parameters.

Landsc. button

Selects Landscape paper orientation.

Portrait button

Selects Portrait paper orientation.
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Compressed button

Selects the Compressed Report preview without diagrams.

Standard button

Selects the Standard Report preview with correlation and fit curves.

Full button

Selects the Full Report preview with all diagrams.

All button

Prints all measurements.

Selection button

Prints selected measurements.

Current button

Prints currently selected measurements only.

To print a report, proceed as follows:

e Select the Compressed, Standard or Full button.

e Select the All, Selection or Current button.

e Click on Landsc. or Portrait for paper orientation.

e If required, change the printer settings using the printer Setup button.

e Click on Print to start the print procedure.
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Save = 458 Display - Save Data

Mame |DNA-HBB pinhole settings bin oK

e Save allows you to save the whole data set
o (curves, fitting results, fit parameters, raw data)
to disk. If Save is selected, the Save window
appears (see Fig. 4-126).

Sample Comment : |7ro55-comelation

Daseton: [oMY = 3 The Save_ menu offers.the possibility of entering
Filename © D:VAIMDNA-REB pinhiole settings binfes file name in the Name field.

Save raw data: M

It also offers the possibility of entering a comment
in the Comment field.

Fig. 4-126  Save window
The directory can be chosen in the Directory field.
A directory can be selected if the button to the
right is pressed.

It is possible to store the data as ANSI text (space-consuming, but readable) or as a binary file.

If the Save raw data box is checked, the raw data will be stored in a file bearing the same name than
the .fcs file, which contains all channels as separate files.

e OK will confirm the action, Cancel will exit the menu without further action.

4.5.9 Display - Copy Table

e With Copy Table, the whole table will be copied to the WINDOWS NT clipboard. The contents of the
clipboard can be used by most WINDOWS NT applications via the Paste function.

4.5.10 Display - Save Table

e \With Save Table, the result table can be written to a white space in a separate text file. If the button
is clicked, a file menu will appear offering the possibility to select a directory and to enter a file name.

4.5.11 Display - Copy Graphs

e Click on the Copy Graphs button to copy the displayed graphs to the clipboard.

- Using the Paste function of Microsoft WINDOWS, you can paste the graphs into other WINDOWS
applications.
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4.5.12 Display - Export Eport 2 x|
Speichem | METHODS x|« @ eF E-

e With Export, the measured data will be
exported in a ConfoCor 1-compatible format
and can be handled using the FCS Access Fit
program. In the Export window (see Fig.
4-127) you can enter a name in the File name
field and a type in the Data type field. In the

Save pU” down menu you dcan select a Dateiname: IDN.&-HBB pinhale zetings bin fos Speichern I
directory. You can specify if only the Selected Dateivp: [Fos Data ks [ios) =] Abbrechen |

rows (highlighted), the Current row (the current
selected one) or all rows are exported. Exported € Selocted Flows
files can be opened again with the Open FCS " Curent Flow
button. All selected files will be loaded in one Al
Correlation display window.

Fig. 4-127  Export window

4,5.13 Reuse

e With a click on the Reuse button, the configuration used to record the of the present fit curve will be
loaded.

4.5.14 Reload
Th R I d b d f I d d Automatic cut v Ok
e goa can pbe use QI’ alrea y opened raw Stomatic eut rfin IW— P I o
data files. The Correlate window will appear (see
F|g 4—1 28) Caorrelator binning time 0.20 13 0.2 Cancel
. . Fd asinnurn correlation time 1000.000 ps 1000 b
You have the following options: Conelator tau channels . .
- AUtomatIC dUSt fllter Automatic count rate binning v
_ Correlator Settings Count rate birning |1 ms 1 |

C ou nt rate Setti n g S Automatic photon count histogram binning W

Photon count histogram binning |1 nooo.0 IE:3 10 I

Photon Counting Histogram settings

Fig. 4-128  Correlate window

03/06 B 45-0015 e 4-115



OPERATION OF CONFOCOR 3 IN EXPERT MODE
Carl Zeiss Data Evaluation and Result Presentation ... ConfoCor 3

4.5.14.1 Automatic Dust Filter

If the Automatic cut box is checked, you can type in a threshold in % in the Automatic cut ratio
display box. This sets a threshold intensity for an electronic dust filter. The value (0 ... 100) will define the
threshold in percentage. A default value of 10% can be selected by pressing the button on the right.

If the integrated count rate over a certain count interval will exceed the average count rate by that
threshold, this special interval is discarded for correlation analysis. For example, if the system detects a
count rate in a certain time interval that exceeds the average count rate by over 30 % and the threshold
was set at 30, this interval is discarded for correlation analysis. The time intervals before and after the
discarded region are separately correlated and the results averaged. These holds also true, if more than
one region is discarded.

The single regions taken into account and disrupted by discarded regions are separately correlated and
the resulting average will be displayed.

(1y Note, that due to built up of an average, this kind of dust filter does not work for count rates
exceeding the average that will come at the beginning of the measurement time before the
system had the possibility to calculate the average count rate. Also, due to the necessity to
average signals over a certain integration time, more than only the peak area will be discarded.
Another outcome of the necessity to average the count rate signal is that several small peaks
following close to each other will be treated as a huge peak and might be cut out. This means,
in the Automatic cut mode accumulated count rates rather than peaks are cut out. For cross-
correlation experiments, any of the regions discarded in either autocorrelation function will not
be used. Cut off regions are framed by stippled boxes and appear matted in the Count Rate
window.

4.5.14.2 Correlator Settings

You can determine the start value of the Correlator binning time in ps, the Maximum correlator
time in s and the start value for the Correlator tau channels by typing the values in the respective
selection boxes. Default values (0.2 us, 1000 s and 8) can be loaded by pressing the corresponding
default buttons on the right.

4.5.14.3 Count Rate Settings

You can either check the Automatic count rate binning box, in which case a dynamic binning is
chosen, or deactivate the box and type in a value in ms in the Count rate binning selection box for a
constant binning with the defined value. The default value of 1 ms can be loaded by pressing the default
button to the right.
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4.5.14.4 Photon Counting Histogram Settings

You can either check the Automatic photon counting histogram binning box, in which case 32
histograms with different binning are calculated and the one with the best dynamic range (3 standard
deviations) is chosen, or deactivate the box and type in a value in us in the Photon count histogram
binning selection box for a constant binning with the defined value. The default value of 10 pus can be
loaded by pressing the default button to the right.

4.5.15 Info
Pressing the Info button will open the Method Information window (see method-information). With
Copy All, the complete parameter set will be copied to the clipboard.

A click on the Print button opens the Print Setup window and allows the parameters of the method to
be printed in the form of a table.
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4.6 Combined Application of LSM Scanning and FCS Measurement Procedure
4.6.1 Taking FCS Measurements within a Cell

The simultaneous installation of the ConfoCor 3 onto the channel 4 of the LSM 510 permits examination
of points selected within a single LSM image with the ConfoCor 3.

For combined application, proceed as follows:
e C(Click on the ConfoCor button in the of the Main menu to select the FCS mode.

e (lick on the Measure button in the ConfoCor subordinate toolbar to open the Measurement
window. Select the FCS measurement method by clicking the methods button and select a method.
Close the window.

e Open the Adjust window. Initialize stage and focus. Switch on the lasers using the Laser button.
Close the Laser Control and the Adjust windows.

¢ Click on the VIS button in the ConfoCor subordinate toolbar

e Select the specimen area to be examined by moving the stage and focus.

e Click on the LSM button in the ConfoCor subordinate toolbar

e Select the appropriate beam path configuration in the Configuration Control window.

e Open the Scan Control window by clicking the Scan button in the Acquire subordinate toolbar. Set
the scan parameters and click on Single to scan an image of the sample.

e When finished, select the Acquisition mode in the Measurement window.

There are two ways of defining the positions, where FCS measurements should be performed in an
image: Current Position and LSM Image.

4.6.1.1 Using the Current Position

When using this method, FCS measurements are performed on a fixed position without scanner or stage.
In this case the structure of interest must be moved to the position manually under LSM control prior to
FCS measurements. In either case, f If Scanner or XY Stage are used and no rotation was defined, than
the laser position with the parked mirrors is the centre of the image. In case of rotation the position hof
the laser beam with this rotation within the image has to be determined by a bleach experiment. You can
use the Crosshair in any case to mark the position of the laser beam.

e Open the Measurement window by clicking on the Measurement button in the ConfoCor
subordinate toolbar. Press the Current Position button in the Position panel via mouse click. The
Position panel changes to allow the activation of the Crosshair function.

e Activate the Crosshair button via mouse click and click into the image.

- The crosshair appears in the LSM scan image. Place the cross at the position, where the Laser beam
is positioned. If you have activated the Lock button, than the position will be fixed.

e Scan the image continuously and position the site of interest under the crosshair.
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4.6.1.2 Using the LSM Image Window

With this method you can conveniently choose several points of interest at which FCS measurements will
be performed. You can approach this positions either with the scanning stage is the XY stage button is
activated, or by the mirrors, if the Scanning button is activated.

e Open the Measurement window by clicking the Measure button in the ConfoCor subordinate
toolbar. Press LSM Image and select between Scanner, XY stage or Piezo stage.

- The Positions panel changes to allow the
definition of positions in the LSM scan
image.

e Activate the Select button via mouse click.

- The cursor (crossline) appears in the LSM
scan image.

e Move the cursor to the desired position in the
scan image (drag and drop). Click on the Add
Pos button to select this position. The
coordinates of the position appears in the
Positions list of the Sample panel.

e In a Z Stack, you can also vary the Z-plane in
which measurement is to be performed. For this
purpose, select the required Z slice in the stack
or set the Z value via the focusing drive of the
microscope.

|Heady, 5122512, 1 chanrel, & bit

- ) Fig. 4-129 LSM scan image with cursor (crossline)
e Select further positions to be measured in the and 3 selected positions

same way.

e Click on the Mark Pos button to fix the
selected positions as overlay elements in the
image.

1y The X-, Y- and Z- coordinates of the selected positions are only stored in the Positions table and
not in the scanned image (stack). Accordingly, all the marked positions in all the Z-planes are
displayed in the scanned image (Z Stack), no matter in which Z-plane they lie.

e \When finished, click on the Start button in the Measurement window to start the FCS
measurements of the selected positions.

- The measurement procedure starts and the data and evaluation window appears on the screen.

15y Please note that the positions selected for FCS measurements in the Measurement window
using the ConfoCor 3 are approached by the scanning stage, Piezo stage or scanning mirrors,
whichever was chosen. In case of scanning mirrors, the stage does not move. All positions will
be approached sequentially.

I3>  Incase of x and y scan, it is the scanning mirrors that are used. Hence there is no offset between
defined positions and actual positions. However, a scan correction in x and y can be required,
which is done by changing the Scan Corr X and Scan Corr Y positions in the Scan window, if
the bidirectional scan was chosen. If stages are used, the offsets have to be entered in the
Settings menu under LSM + ConfoCor.
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4.6.1.3 Performing FCS Measurements on the Cell Membrane

Due to the shape of the confocal volume, the membrane should not be approached from the side but
instead rather from the top of the cell. Please note that it is better to use the upper membrane for
measurement, since the lower membrane might be too close to the glass bottom surface resulting in
disturbing reflections. You can home in on the membrane either manually or using the Z Scan feature in
the Method Optimization ... window.

(1) Manual Focusing on the Membrane

e Acquire an image of the cell.

e Place the focus above the cell and scan continuously.
e Focus slowly down until you see a fluorescence signal.
e Stop focusing.

Due to its high sensitivity ConfoCor 3 can still detect signals that cannot be imaged by the LSM. If the
signal is too low for imaging, the membrane can still be detected using the Z Scan feature in the
Measurement window.

(2) Focusing on the Membrane by a Z Scan

The Z Scan measures the count rate at previously defined Z positions. It is performed without table
movement, that is at the fixed position of the laser beam.

e Position the region of interest at the site of the fixed laser beam path as described in chapter 14.6.1.
e Optional: Perform a Z Stack that includes the membrane of the cell with the LSM.

e Open the Measurement window by clicking on the Measurement button in the ConfoCor
subordinate toolbar. Press the Current Position check box or the LSM Image button in the Position
panel via mouse click.

- The Position panel changes and shows the Adjust and the Crosshair buttons for Current
Position or the Position list for LSM Image.

e Activate the Crosshair button via mouse click or define a position.
— The crosshair or cross appears in the LSM scan image.

e Move the cursor to the appropriate position in case of Current Position or select by pressing the Add
button in LSM Image followed by Mark Pos to fix the position as an overlay element

e Press the Z Scan button. The Z Scan display shows the current Z position of the laser beam. Check the
corresponding channel if not yet activated.

e Select the start and end position of the Z Stack. If you have acquired a Z Stack in the LSM mode, use
the values defined by the Mark First/Last button. Note that the values defined by the Z Stack in the
LSM mode are not automatically used in the Z Scan of the FCS mode.

e Enter the number of positions. If you have acquired a Z Stack, use the value defined in the
Z Sectioning tab.
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e Press the Start button to perform a Z scan. Press the Cancel button if you want to leave the Z Scan
settings.

e After pressing the Start button a Z scan is e
performed and the intensity displayed in ot e i Goso
dependence of the Z position (see Fig. 4-130). .

The red line in the diagram shows the actual w0
Z position. Peaks show Z levels of high signal >

20

intensity and may correlate to labeled “
membranes. Note, that the glass surface will

T T T T T T T T T T
030 028 028 024 0.2z 020 018 RALY 014 012

also give a peak. To determine its position, just Fostnrm)
perform a Z Scan at a position where there is no

cell. Place the red line at the peak that Fig. 4130  Z-Scan image
corresponds to the membrane to select this

Z position.

e If no clear signal can be detected, or the peak of interest lies too close to the border, close the Scan
window and perform a new Z scan. Choose a different Z range by modifying start and end positions
to values that lie closer to the position at which the signal should be expected.

e If the Z position has been selected, close the Image Display window by clicking on the Close button.
e Press the Start button in the Measurement window to perform an FCS measurement.

- The FCS measurement is performed at the same X/Y position as the Z scan.
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Introduction

For your safety!
Observe the following instructions:

- The LSM 510- and LSM 510 META-ConfoCor 3 laser scanning microscope, including its
original accessories and compatible accessories from other manufacturers, may only be
used for the purposes and microscopy techniques described in this manual (intended use).

o=

- In the Operating Manual, read the chapter Safety Instructions carefully before starting
operation.

- Follow the safety instructions described in the operating manual of the microscope and
HBO 100 mercury lamp.
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Starting the System

Switching on the LSM system

e When set to ON the REMOTE CONTROL switch
labeled System/PC provides power to the
microscope and the computer. This allows to
use the microscope and the computer without
running the LSM Software (Fig. 1).

e To switch on the system completely put the
Components switch also to ON. Now the
complete system is ready to be initialized with
the LSM Software.

Switching on the HBO 100 mercury lamp

i : Fig. 1 REMOTE CONTROL switch
e Switch on the HBO 100 mercury lamp via the '9 switc

switch of the power supply, see operating
manual of the mercury lamp or microscope.

Switching on the Enterprise UV-Ar Laser

e If the UV laser is required, switch it on via the
toggle switch (Fig. 2/1) of the power supply.

- It will be ready for operation after a few
seconds.

Fig. 2 Power supply of UV-Ar laser
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Starting the LSM 5 software program

e Double click the LSM 510-FCS icon on the desktop of WINDOWS to start the LSM 5
m software program.

LSh-Fes The LSM 510 / ConfoCor Switchboard window appears on the screen (Fig. 3).

Laser Scanning Microscope LSM 5101 ConfoCor Release Yersion 4.0 ﬁ

Scan New Images

Use Existing Images

Start Routine Mode

Start Expert Mode

X
hd

@ Copyright Carl Zeizs 1986-2006 .
Portions @ Copyright 1996, Microsoft Corparation. Al rights reserved. Exit

Fig. 3 LSM 510-ConfoCor Switchboard menu

= e C(lick on the Scan New Images button in the LSM 510-ConfoCor 3 Switchboard
“i?.'?l window.
Clicking on this button activates the complete LSM hardware (on-line mode).
e Click on the Start Expert Mode button in the LSM 510-ConfoCor 3 Switchboard
, window.
E— The LSM 510 - Expert Mode Main menu appears on the screen.
Use of this mode requires to be thoroughly familiar with the exact microscope procedures
and interrelations.
5 LSM FCS - Expert Mode 2=l
File Acquire Process 3D Wiew ConfoCor Macro  Options  Mainkain  Window  Help
7% Acquire ii Process 3D View ! ConfoCor é Macro % Options ﬁ M airkain
1D E =
Aldg |l ale (= ® | =
Lazer ricra Canfig Scan Edit ROl | TimeSeries| EditBleach| Stage WIS ™ LSHM
Fig. 4 Main menu for Expert Mode
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Creating a database for acquired images

e Click on the File button in the Main menu toolbar.

The File subordinate toolbar appears in the Main menu.

T& 'LSM FCS - Expert Mode

2]

File Acquire Process 30 View ConfoCor Macro Options  Mainktain  Window Help
@F"e y% Arquire i>=< Frocess 30 Yiew l ConfoCor % tacra % Options ﬁ b aintain
i H & & ¢ 1
Mew Dpn Save Save bz Import Expart rAuilti Print E it
Fig. 5 Main menu with File subordinate toolbar
ﬂ e Click on the New button in the File subordinate toolbar.
New The Create New Database window appears.

e Select drive C: or D: from pull down menu.

Create Mew Database

Create in My Computer
Desktop
= ﬁ
3!; Floppy) ty Camputer
- ED-']] 9 3% Floppy [4]
= Remavabl g ﬁ
5 [F:) (=) Removable Disk E:) =
3 (G & (R
&5 G -
File name: | Create |
Create tupe IDatabase Files [*.mdb) j Cancel |
Fig. 6 Create New Database window

e Create a new directory if needed.

Create Mew Database HE
Create in I@ [D:] ﬂ gl IE

Fim,

Peter

Recycler

teresa

Lsers
File: name: | Create |
Create type IDatabase Filez [*.mdh] j Cancel |

Fig. 7 Create New Database window

Turning on the lasers

| V% Acauie

toolbar.

T& 'LSM FCS - Expert Mode

File Acquire Process 30 View ConfoCor | Macro  Options  Mainkain  Window Help

e Click on the Acquire button in the Main menu to open the Acquire subordinate

2]

4 %Acqulre il Process 3D Yiew l ConfaCaor % tacra % Options ﬁ td aintain
Ao y =y i
—~|8| @ o | =S < | =N
Laser Micro Canfig Secan Edit ROl | TimeSeries| EditBleach Stage W15 T LSM
Fig. 8 Acquire subordinate toolbar
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X e Select the appropriate Laser Unit by clicking on
the name of it.

Cloze

Lazer Unit I W/ avelength Pawer I

Enterprise 351364 Of e Click on the Standby button to switch required
Argon 458, 488, 514 nm

HeNel 543 nm On |aSer(S) to Standby
Hehe2 £33 nm Off

e When status is Ready click on On button.

e Set Output [%] so that the Tube Current is
about 4 A (50% of the output power).

Magimurm Power. 2650 mw
Wavelsngth: 458, 488, 514 nm

Statuz: Cooling
Tube Current; DDA Standby |
Output [3] EﬂJ— ﬂ

Fig. 9 Laser Control window

Setting the microscope

Changing between direct observation or laser scanning

The VIS, TV and LSM buttons switch the beam path and indicate which beam path has been set in the
binocular tube of the microscope:

T e Click on the VIS button to set the microscope for direct observation via the eyepieces
s of the binocular tube, lasers are off.
=g e Click on the TV button to set the microscope camera observation (if connected) via
o camera adapter of the binocular tube.
e Click on the LSM button to set the microscope screen observation via laser excitation
— using the LSM 510 and software evaluation.

Setting the microscope and storing the settings

e Click on the VIS button for direct observation.

é e Click on the Micro button in the Acquire subordinate toolbar to open the
o Microscope Control window of the used microscope.
[)u]

The Microscope Control window appears (Fig. 10).
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Selecting an objective

e Open the graphical pop-up menu by clicking on
the Objective button (Fig. 10).

e Click on the objective you want to select. The
selected objective will automatically move into
the beam path.

Focussing the microscope for transmitted light

e Open the graphical pop-up menu by clicking on
the Transmitted Light button (Fig. 11).

e C(lick on the On button. Set the intensity of the
Halogen illuminator using the slider.

e Click on Close to close the pop-up menu.

e Place specimen on microscope stage. The cover
slip must be facing up.

e Use the focusing drive of the microscope to
focus the required object plane.

e Select specimen detail by moving the stage in X
and Y using the XY stage fine motion control.

Setting the microscope for reflected light

e C(lick on the Reflected Light button to open
the shutter of the HBO 100 mercury lamp.

e Click on the Reflector button and select the
desired filter set by clicking on it.

Storing the microscope settings

Microscope settings can be stored and up to 8
buttons assigned for fast retrieval and adjustment
using the Microscope Settings panel.

The Store button permits existing microscope
configurations to be stored under any name.

The Apply button permits existing stored

microscope configurations to be loaded.

The Delete button permits existing microscope
configurations to be deleted.

The Assign button permits the assignment of a
microscope configuration to a button.

Note: Depending on the microscope
configuration, settings must be done manually if
necessary.

T& Microscope Control

Microscope Settings

GFP - Appl_l,ll Store |Delete| Agsign Button |
GFP LI Rhod Trang oh
| f.F i} f.f illal

Transmitted Light

Q)

0o

Condensor

1

Aperture 0.0529  Off

Objective
Plan-Apochromat 63x/1.4 Oil
Reflector

B
B GFF

Tube Lens
Lens L5M

Reflected Light

Q)

Cloze

Less

Fig. 10 Microscope Control window,

e.g.: Axiovert 200 M

Microscope Settings

IDAF‘I 'I Applyl Store |Delete| Agzign Button |
DAPI FITC TRITC fi.F
| it .t il .k

Transmitted Light

/o 2

Transmitted Light

A | [ e2 Close
[ o ok |

A ..
Tube Lens
E3]

Lens LSM

[

Fig. 11
Transmitted Light pop-up menu

Cloze

Less

Microscope Control window with
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Configuring the beam path and lasers

T Configuration Control e Click on the LSM button in the Acquire
subordinate toolbar for laser scanning.

Channel Made Lambda Made Online Fingerprinting Close

SR Mt Treck e 1 Choosing the configuration

N EEEEE i | Slngle Track
FROC O _Chs - Use for single, double and triple labeling;
- Z simultaneous scanning only
- Advantage: faster image acquisition
e ? thg [ - Disadvantage: cross talk between channels
i 2
— . — Multi Track
werses [ /] Z| i ,—E - Use for double and triple labeling; sequential
Mirror -~ scanning, line by line or frame by frame
HF”E%MZ &Em“m - Advantage: when one track is active, only
- Z one detector and one laser is switched on.
] This reduces cross talk.
Specinen — - Disadvantage: slower image acquisition
[~ ChD |
Ao e Click on the Config button in the
L= Acquire subordinate toolbar to
Config open the Configuration Control
. . . . window.
Fig. 12 Configuration Control window for
Single Track The Configuration Control window

appears (Fig. 12).

Setting for single track configuration in Channel Mode

¢ Select Channel Mode if necessary (Fig. 12).
e Click on the Single Track button in the Configuration Control window (Fig. 12).
¢ Click on the Descanned button if necessary.

The Beam Path and Channel Assignment panel of the Configuration Control window displays the
selected track configuration which is used for the scan procedure.

e You can change the settings of this panel using the following function elements:

Activation / deactivation of the excitation wavelengths (check box) and setting of

Excitafion| o, citation intensities (slider). Open the Laser Control window via the Laser button.

Selection of the main dichroic beam splitter (HFT) or secondary dichroic beam splitter
(NFT) position through selection from the relevant list box.

Selection of an emission filter through selection from the relevant list box.

Activation / deactivation (via check box) of the selected channel (Ch 1-4, monitor diode
Chs1 ChM, META detectors ChS1-8, transmission ChD) for the scanning procedure by
assigning an existing color icon or defining a new one.

UIEINE

o0
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e Select the appropriate filters and activate the
channels.

e Click the Excitation button to select the laser
lines and set the attenuation values
(transmission in %) in the displayed window.

For the configuration of the beam path, please
refer to the application-specific configurations
depending on the used dyes and markers and the
existing instrument configuration.
.] e Clicking on the Spectr button
opens the Detection Spectra &
Laser Lines ... window (Fig. 13) to
display the activated laser lines for
excitation (colored vertical lines) and
channels (colored horizontal bars).

E| e Clicking on the Config button

| opens the Track Configurations

Lonfig window (Fig. 14) to load, store or
delete track configurations.

Spectra

e For storing a new track configuration enter a
desired name in the first line of the
Configurations list box and click an Store.

e For loading an existing configuration select it in
the list box and click on Apply.

e For deleting an existing configuration select it in
the list box and click on Delete.

Setting for multi track configuration in
Channel Mode

The Multi Track function permit several tracks to
be defined as one configuration (Channel Mode
Configuration) for the scan procedure, to be
stored under any name, reloaded or deleted.

The maximum of four tracks with up to 8 channels
can be defined simultaneously and then scanned
one after the other. Each track is a separate unit
and can be configured independently of the other
tracks with regard to channels, Acousto-Optical
Tunable Filters (AOTF), emission filters and dichroic
beam splitters.

¢ Select Channel Mode if necessary (Fig. 15).

T Detection Spectra & Laser Lines DAPT/GFP/Rhod x|
Lazer EI .............
0ze
Chi I I
Ch2 |
Cha B
400 500 £00 700
Fig. 13 Detection Spectra & Laser Lines ...
window

FITC/Rhod

GFPLP
Lucifer vellaw

Fig. 14 Track Configurations window

& | Configuration Control 7|

Channel Made Lambda Made Orline Fingarprinting

Close

Single Track tutti Track Ratio .]

List of Tracks | Sizesim |
Switch tracks after each Line I Frame  Frame Fast |

Mame | Channels | Light [nm] | T

Track ChS1, ChZ, Ch3 543, 458, 488, 514,

Track Ch2, Ch3 477 l

Stare/4pply Single Track | Config

Add Trackl Remaove |
Beam Path and Channel Assignment

OOO000000 g
o

Plate ’7”

Fig. 15 Configuration Control window for
Multi Track
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e Click on the Multi Track button in the Configuration Control window (Fig. 15).

¢ Click on the Descanned button if necessary.

The following functions are available in the List of Tracks panel (Fig. 15).

Modes

Switch tracks after each

Line button

Switch tracks after each

Frame button

Frame Fast button

Settings
Add Track button

Remove button

Store/Apply Single Track
button

1
l

Tracks are switched during scanning line by line. The following settings
can be changed between tracks: Laser line and intensity and channels
incl. settings for gain and offset.

Tracks are switched during scanning frame by frame. The following
settings can be changed between tracks: Laser line and intensity, all
filters and beam splitters, the channels incl. settings for gain and offset
and the pinhole position and diameter.

The scanning procedure can be made faster. Only and the laser line and
intensity and the Amplifier Offset are switched, but no other hardware
components. The tracks are all matched to the current track with regard
to emission filter, dichroic beam splitter, setting of Detector Gain,
pinhole position and diameter. When Line button is selected, the same
rules apply as for Frame Fast.

An additional track is added to the configuration list. The maximum of
four tracks can used. One track each with basic configuration is added,
i.e.; one Ch 1 channel is activated, all laser lines are switched off,
emission filters and dichroic beam splitters are set in accordance with the
configuration last used.

The single track previously marked in the List of Tracks panel in the
Name column is deleted.

Opens the Track Configurations window. A selected track defined in a
Channel Mode Configuration can also be stored as a single track for
single tracking applications. Also, it's possible to load a single track in a
multi tracking configuration.

A click on this arrow button will move the selected track (highlighted in
blue) one position upwards in the list box.

A click on this arrow button will move the selected track (highlighted in
blue) one position downwards in the list box.

e Configure each desired track for Multi Track function as described for Single Track.

e For storing/applying or deleting a Channel Mode Configuration use the Config button.

10

03/06



Scanning an image

e e Click on the Scan button in the Acquire subordinate toolbar to open the Scan
£ Control window.

Scan
The Scan Control window appears (Fig. 16).

Setting the parameters for scanning T Scan Control ]
S | tM d . th S C t I . d Mode LChannels Z Settings s
o elecC oae In the >Can Lontrol wWindow.
s LineI:Frame @ LI;SOE: Stac:i|

e Select the Frame Size as predefined number of

pixels or enter your own values (e.g. 300 x 600) [ Objective Lens, Image Size & Line Step Factar | ;ew

in the Objective Lens, Image Size & Line Obiective | Planpochromat 634/1.4 O o

Step Factor panel. Click on the Optimal FameSize 129 | 2% |{7Bi3 7| 1024 | ooag | TN

button for calculation of appropriate number of opina | x [512 v[ 51z Liesen [1 =] | 59

pixels depending on N.A. and A. ISpeed e
The number of pixels influences the image Seanspaed [ 9 4| 3 v @
reSOI ut|on | Pizel Time: 1.60 ps Scan Time: 2.95 sec

’ Pixel Depth, Scan Direction & Scan Average
i i PIT : I : Mode | Li =] f_ste

Note: When using an Axioskop 2 FS MOT, indicate vasvepn _sex [ e it h s
the objective that is in use in the Scan Control 8canDirection| - & | o )
window. This ensures correct calculation of
pinhole, Z stack optimization etc. Fig. 16 Scan Control window, Mode settings

Adjusting the scan speed

e Use the slider in the Speed panel (Fig. 16) to adjust the scan speed.

A higher speed with averaging results in the best signal to noise ratio. Scan speed 8 usually produces
good results. Us speed 6 or 7 for superior images.

Choosing the dynamic range

e Select the dynamic range 8 or 12 Bit (per pixel) in the Pixel Depth, Scan Direction & Scan Average
panel (Fig. 16).

8 Bit will give 256 gray levels, 12 Bit will give 4096 levels. Publication quality images should be acquired
using 12 Bit data depth. 12 Bit is also recommended when doing quantitative measurements or when
imaging low fluorescence intensities.

Setting the scan averaging

Averaging improves the image by increasing the signal : noise ratio. It can be achieved line by line or
frame by frame. Frame averaging helps reduce photobleaching, but does not give quite such a smooth
image.

e Select the Line or Frame mode for averaging.

e Select the desired scan average method Mean or Sum in the Method selection box.

If you are using the Mean method, the image information is generated by adding up all scans pixel by
pixel and then calculating the mean value.
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In the Sum method, the pixel values of all scans are only added up, without a mean value being

calculated.

e Select the Number for averaging.

Continuous averaging is possible in the Frame mode. In this case a Finish button for ending continuous

averaging is displayed instead of the Cont. button.

T&!Scan Control

Mode Channels Z Seftings
n I EEIN=— z
L ] —
Spot Ling | ——Frame @ = - P

Channel Settings

Channels Ch3

Finhole [ws o »| 1 |ma

Ix.

Cloze

Optical slice < 0.8 pm Pinhole B =107 iy Units

|5?3_<| _i

Amplfer Offset [ 0023 (| ——— |

Auriplifier Gain I N

Fig. 17

Detector Gain

x>~

Scan Control window, Channel settings

Unnamed16 = - AIM

ady, 512x 512, 1 channel , 8 bit, Raw image data , Display Zoom : 1, Palette : Mo Palette

Adjusting the pinhole

e Select Channels in the Scan Control window.

e Set the Pinhole size to 1 (Airy unit) for best
compromise between depth discrimination and
efficiency.

Pinhole adjustment changes the Optical Slice.
When collecting multi channel images, adjust the
pinholes so that each channel has the same
Optical Size. This is important for colocalization
studies.

Image acquisition

Once you have set up your parameter as defined in
the above section, you can acquire a frame image
of your specimen.

e Use one of the Find, Fast XY, Single or Cont.
buttons to start the scanning procedure and
acquire an image.

Scanned images are shown in separate windows.
e Click on the Stop button to stop the current
scan procedure if necessary.

Select Find for automatically pre-
adjustment of detector sensitivity.

Select Fast for continuous fast
scanning — useful for finding and
changing the focus.

Fazt =y !

Select Single for recording a single
image.

Fig. 18 Image window ) ]
Select Cont. for continuous scanning
with the selected scan speed.

Select Stop for stopping the current
scan procedure.
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Image optimization

Choosing a lookup table

e Select Palette in the Image window of the
scanned image (Fig. 19).

The Color Palette window appears.
e In the Color Palette List panel, click on the
Range Indicator item (Fig. 20).

The scanned image appears in a false-color
presentation (Fig. 19).

If the image is too bright, it appears red on the
screen. Red = saturation (maximum).

If the image is not bright enough, it appears blue
on the screen. Blue = zero (minimum).

Adjusting the laser intensity
e Set the Pinhole to 1 Airy Unit (Fig. 21).
e Set the Detector Gain high.

e When the image is saturated, reduce AOTF
transmission in the Excitation panel (Fig. 21)
using the slider to reduce the intensity of the
laser light at the specimen.

Adjusting gain and offset

e Increase the Amplifier Offset until all blue
pixels disappear, and then make it slightly
positive (Fig. 21).

e Reduce the Detector Gain until the red pixels
only just disappear.

cing Mouse dentate gyrus - ATM

Pleacly, 10241 1024 , 1 channel Bt Faw image dela , Display Zoom: 1/2 , Paletts - ange Indicatar

Fig. 19 Image window
Color Palette List
i Close
Mo Palette
Glow Scale
R ainbow
Rainbowz Lol
¢
Edit
Eemove
Impart
Fig. 20 Color Palette window
Excitation

=]

& Line active  Tranzmizsion [%] F,L;i::
— | ssanm [109 41 T | @
giinm [pos | T | @
gganm [oos | T p| @
sianm [278 (|~ | »| @
sa3nm o5 | T | 4
ganm (005 4| T | 4

<1 01 0

10

Fig. 21 Scan Control window, Channel settings
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B! Scan Control 2] x]

Maode LChannels Z Sethings

Cloze

Py

lse I
el EI Stack m
ew

= 2 Slicel QO
Find
I £ Sectioning ark First/Last I HyperfitieZ Sectionitg @

Murn Slices I 20 ﬂ |_J— ﬂ Fast 3
Inkereal [pm] I 1 j_'— ﬂ ﬁ
Cument Slice ITj |—J— ﬂ_cl Start

Fast Stack I Keep Interval ~ Keep Slice | @
Stop

P
Move to g First| g Midl Lazt
ReffCon. [ 1 (= | )
KYZ =111 |
Auto Z Corr. @ Auto Z|

®  Shotl |——  Ling

Stack Z Size: 19.00 pm
Focug 0.00 pm

Fig. 22 Scan Control window, Z Stack settings

Scanning a Z stack

e Select Z Stack in the Scan Control window.
e Select Frame if necessary.
The Z Settings panel appears.

e Select Mark First/Last on the Z Settings
panel.

e C(Click on the XY cont button.

A continuous XY-scan of the set focus position will
be performed.

e Use the focusing drive of the microscope to
focus on the upper position of the specimen
area where the Z Stack is to start.

e Click on the Mark First button to set the upper
position of the Z Stack.

e Then focus on the lower specimen area where
the recording of the Z Stack is to end.

e Click on the Mark Last button to set this lower
position.

e (lick on X:Y:Z=1:1:1 button to set the Z-
interval in such a way that the voxel has
identical dimensions in the X-, Y- and Z-
directions (cube).

e Click on the Start button to start the recording
of the Z Stack.

14
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Storing an image

e Click on the Save or Save As button in the Image window or in the File subordinate toolbar of the
Main menu.

The Save Image and Parameter As window appears.

Save Image and Parameter As B
Mame : IEonv-? oK
Deescription : I 1 Channel, Flucrescens
Mates : -
Cancel
Open
User : Iappcenter OB
Database (MDB]: rvallania. mdbsConvallaria.mdb
. Mew
[:\Erample Image Databases\BioMed\BiotMed.mdb MDE
[:MExample Image Databasesi atenaliM aterial. mdb
[Q:\Erample Image Databases\NLOWMLO. mdb

Fig. 23 Save Image and Parameter As window

e Enter file name, description and notes in the appropriate text boxes.
e Click on the OK button.

Using the ConfoCor

n C Click on the ConfoCor button in the Main menu toolbar.
anfolCor

The ConfoCor subordinate toolbar appears in the Main menu.

T5/LSM FCS - Expert Mode 7l x|

File Acquire Process 3D Wiew ConfoCor Macro  Options  Maintain  Window  Help
] . L
% Optiong ﬁ td aintain

@ Fie Dview | T Confole % Macto

y% Acquire i)=< Process

EHA [t L]
M| W | & | B i @ | =0 | &
Open File Lazer lethods Adijust teasure todels Settings WIS T LSH
Fig. 24 ConfoCor subordinate toolbar
03/06
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Setting up the configuration

—T e C(lick on the Measure button to open the Measurement window.

e
teasure

|5},5tem Configuration Press the System Configuration button to activate the System
Configuration panel.

The Beam Path and Pinhole panels of the measurement window display the selected track
configuration which is used for the FCS procedure and the pinhole size.

e You can change the settings of this panel using the following function elements:
o Activation / deactivation of the excitation wavelengths (check box) and setting of
Easitation| o citation intensities (slider). Open the Laser Control window via the Laser button.

N Selection of the main dichroic beam splitter (HFT) or secondary dichroic beam splitter
(NFT) position through selection from the relevant list box.

Selection of a block filter.

|
” Selection of an emission filter through selection from the relevant list box.
th2 _ IF Activation / deactivation (via check box) of the selected channel (Ch 1-2 for the FCS

procedure.
Pinhole slider  Setting of the Pinhole diameter.

% Press the Count rate button to open the Count rate window. In Excitation set the

laser power to obtain a satisfactorily count rate.
Cournt rate

Pinhole Alignment for a new defined beam path. After adjusting the sample carrier,

O align the pinhole in x and y by first conducting a coarse and then a fine alignment.
Adjust

Taking a measurement

T3] e Click on the Measure button to open the Measurement window.
]
Meazure
Acquisition . e Press the Acquisition button to activate the Acquisition panels.

The Times, Kinetics and Position panels of the Measurement window display the selected
measurement configuration and the positions which is used for the FCS procedure.
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e You can change the settings of this panel using the following function elements:

Times panel
enter boxes

Kinetics check
box

Position panels

i

kethodz

[

Save

Infa

=)
L1

A

Enter the bleach time, measurement time and repletion number.

Activate / deactivate if you want to conduct kinetics or a 1 time point measurement.

Select a carrier or position in an LSM image.

Press the Methods button to open the Select Method window. You can switch the
method to the highlighted one by just clicking the Ok button. If your current method is
not stored, all settings will be lost.

Press the Save button to open the Save Method window. You can save either only the
beam path configuration or the whole method (including (including configuration and
processing settings).

Press the Info button Current Method Information window, which displays
information on the system set up and the measurement procedure.

Press the New button to open the FCS results ... - ConfoCor window. If a
measurement is triggered, all data are displayed in that window if highlighted.

Press the Start button to trigger a measurement. If no FCS results ... - ConfoCor
window a new one will be opened. If FCS results ... - ConfoCor windows are open,
data will be written to the highlighted one. All defined positions will be approached
consecutively.

Press the Single button to trigger one measurement at the highlighted position. Note,

this button is only available in the LSM Image panel.

Press the Stop button to end a measurement. All data accumulated so far will be
available and can be stored.

Press the Count rate button to open the Count rate window. This allows you to
optimize your experiment by changing the laser power and the pinhole size.

Press the XYZ button to open X,Y,Z-Scan window. The current coordinates will be
displayed. You can define boundaries where a scan is performed with simultaneous
acquisition of the count rate. This allows you, for example, to identify labeled molecules
accumulated in the membrane.

Press XY Stage if positioning should be accomplished by the motorized stage.

Press Scanner if the positioning should be accomplished by the scanning mirrors

After the end of a measurement, the data are displayed FCS results ... - ConfoCor window (see Fig. 25).
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Fig. 25 FCS results ... - ConfoCor window with Correlation activated

You have the following function elements:

Press the Save Data button to open the Save window. You can save the whole data
Save Data set in an ANSI text format. Optionally you can save the raw data trace.
. Pressing the Reuse button will set the system configuration to exactly the same values,
FieLze as used in the experiment.
= Pressing the Reload button will open the current measurement, if stored raw data are
Feload available
Press the Fit button to open the Fit panel, which allows you to analyze your data.
Fit
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Analyzing the data

Data can be analyzed in the Fit display of the FCS results ... - ConfoCor window (see Fig. 26).

i 488 * - ConfoCor - 0] x|
G(t) Model:  [1KI3D1T B
5 Channel : Auto corelation Ch2 Cloze
Parameter " alue Type Lawer limit  [Upper imit  |Link —_—
4 Murnber particles 0.000 Free 0.000 1e+010 ‘“_\ Gt
[ ampitude Conrelation
Geometic comection |1.EIDEI Fised 0.000 Te+010 E
2 [+] Triplet state i
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Fig. 26 FCS results ... - ConfoCor window with Fit activated

You have the following options:

Curve window  Set the red and blue bars to define the start and end points of the fit.

Model scroll Load a predefined model. You can assemble a model by pressing the Model button in

bar the ConfoCor submenu.

Table You can define the conditions of the fit by activating / deactivating terms, setting the
type of a parameter (fixed, free or start value), defining limits and globally link
parameters.
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Pressing the Fit button will fit the current loaded correlation functions to the defined
model. The fitted data will be displayed.

Fit
Pressing the Fit all button will fit to all measurements of the same channels than the
: selected ones.
Fit all
i) Pressing the Undo button will cancel the last operation, or previous ones as well, if the
Ut button is pressed repeatedly.
L] Pressing Redo will redo the last cancelled operation, or previous ones, if the button is
pressed repeatedly.
Redo
@ Pressing the Write to Method button will write back the settings to the method. If the
R method is stored, the settings will be active when the method is selected the next time.

Switching off the system

Click on the File button in the Main menu and then click on the Exit button to leave LSM 5 software
program (Fig. 5).

If any lasers are still running you should shut them off now in the pop up window indicating the lasers
still in use.

Shut down the computer.

Wait until fan of Argon laser has switched off.

On the REMOT CONTROL switch turn off the Components switch and the System/PC switch (Fig. 1).
Switch off the HBO 100 mercury lamp.

Switch the UV-Ar laser of via the toggle switch of the power supply (Fig. 2).
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