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1. Instrument specifications

The following information has been provided by the manufacturers of the instrument. For application specific questions see also the manuals and other documents provided beside the instrument.

Instrument Model:
PC1 Photon Counting Fluorometer

Manufacturer: 

ISS

· Light source: Xenon arc lamp (stable spectra after warming up for 10 min at 10A, then turn up to 18A)

· Detector linearity: 0-5 Mill counts

· sample: optical path ~0.9 to 1.7 cm above the cuvette bottom (manufacturer guidelines state that light path is centered around 14mm): While special cuvettes allow sample volumes of ~100µl, for a standard 10x10 cuvette 1.5ml of sample are necessary

· Slit width 0.5, 1, and 2 mm (4, 8, and 16 nm respectively)
· Optional excitation and emission polarizers: vertical (0°, metal knob on the left) horizontal (90º, metal knob on the right)

· Shutter positions: horizontal (closed), 45° (open)

· Common experimental parameters: number of integrations=multiplicator for timebase, for instance 5=5xTb (1sec) =will average over 5 sec

· NOTE: software option ‘G-polarization’ (General Polarization) is different from Polarization/Anisotropy experiment!

· PMT: at 10=-1100 V DC on the cathode, set at max sensitivity
Range of operation:

· Excitation monochrometer: optimized around 250nm

· Emission monochrometer: optimized around 450nm

· Monochrometer in general: up to 850nm

· PMT range 200nm to 750nm 
· Temperature Limit: Can be used up to 110°C with waterbath
· Rhodamine B quantum counter (linearity): 280-620nm 
(quantum counter from Kodak IR140, not presently owned by Keck facility)
Instrument Accessories:

· Computer controlled sample titrator

· PMT peltier cooling units, water bath supported

· Computer controlled water bath to thermostate sample compartment (ground plate only)

2. List of commonly used fluorophores
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	3-Hydroxypyrene 5,8,10-Tri Sulfonic acid
	403
	513
	
	Leucophor PAF
	370
	430

	5-Hydroxy Tryptamine
	380-415
	520-530
	
	Leucophor SF
	380
	465

	5-Hydroxy Tryptamine (5-HT)
	400
	530
	
	Leucophor WS
	395
	465

	Acid Fuchsin
	540
	630
	
	Lissamine Rhodamine B200 (RD200)
	575
	595

	Acridine Orange (bound to DNA)
	502
	526
	
	Lucifer Yellow CH
	425
	528

	Acridine Red
	455-600
	560-680
	
	Lucifer Yellow VS
	430
	535

	Acridine Yellow
	470
	550
	
	Magdala Red
	524
	600

	Acriflavin
	436
	520
	
	Maxilon Brilliant Flavin 10 GFF
	450
	495

	AFA (Acriflavin Feulgen SITSA)
	355-425
	460
	
	Maxilon Brilliant Flavin 8 GFF
	460
	495

	Alizarin Complexon
	530-560
	580
	
	MPS (Methyl Green Pyronine Stilbene)
	364
	395

	Alizarin Red
	530-560
	580
	
	Mithramycin
	450
	570

	Allophycocyanin
	650
	661
	
	NanoOrange
	480
	580

	ACMA
	430
	474
	
	NBD Amine
	450
	530

	Aminoactinomycin D
	555
	655
	
	Nile Red
	515-530
	525-605

	Aminocoumarin
	350
	445
	
	Nitrobenzoxadidole
	460-470
	510-650

	Aminomethylcoumarin
	360
	460
	
	Noradrenaline
	340
	490-520

	Anthroyl Stearate
	361-381
	446
	
	Nuclear Fast Red
	289-530
	580

	Astrazon Brilliant Red 4G
	500
	585
	
	Nuclear Yellow
	365
	495

	Astrazon Orange R
	470
	540
	
	Nylosan Brilliant Flavin E8G
	460
	510

	Astrazon Red 6B
	520
	595
	
	Oligreen
	480
	520

	Astrazon Yellow 7 GLL
	450
	480
	
	Pararosaniline (Feulgen)
	570
	625

	Atabrine
	436
	490
	
	Phorwite AR Solution
	360
	430

	Attophos
	435
	560
	
	Phorwite BKL
	370
	430

	Auramine
	460
	550
	
	Phorwite Rev
	380
	430

	Aurophosphine
	450-490
	515
	
	Phorwite RPA
	375
	430

	Aurophosphine G
	450
	580
	
	Phosphine 3R
	465
	565

	BAO 9 (Bisaminophenyloxadiazole)
	365
	395
	
	Phycoerythrin R
	480-565
	578

	BCECF
	505
	530
	
	Picogreen
	480
	520

	Berberine Sulphate
	430
	550
	
	Pontochrome Blue Black
	535-553
	605

	Bisbenzamide
	360
	600-610
	
	POPRO3
	270/593
	567

	BOBO 1
	462
	481
	
	Primuline
	410
	550

	Blancophor FFG Solution
	390
	470
	
	Procion Yellow
	470
	600

	Blancophor SV
	370
	435
	
	Propidium Iodide
	536
	617

	Bodipy Fl
	503
	512
	
	Pyronine
	410
	540

	Bodipy TR-X
	589
	617
	
	Pyronine B
	540-590
	560-650

	BOPRO 1
	462
	481
	
	Pyrozal Brilliant Flavin 7GF
	365
	495

	BOPRO 3
	271/575
	600
	
	Quinacrine Mustard
	423
	503

	Brilliant Sulphoflavin FF
	430
	520
	
	Quanta Blue
	320
	430

	Calcien AM
	495
	515
	
	Rhodamine 123
	511
	534

	Calcien Blue
	370
	435
	
	Rhodamine 5 GLD
	470
	565

	Calcium Green
	505
	532
	
	Rhodamine 6G
	526
	555

	Calcofluor RW Solution
	370
	440
	
	Rhodamine B
	540
	625

	Calcofluor White
	440
	500-520
	
	Rhodamine B 200
	523-557
	595

	Calcophor White ABT Solution
	380
	475
	
	Rhodamine B Extra
	550
	605

	Calcophor White Standard Solution
	365
	435
	
	Rhodamine BB
	540
	580

	Cascade Blue
	400
	425
	
	Rhodamine BG
	540
	572

	Caspase-8
	400
	505
	
	Rhodamine WT
	530
	555

	Catecholamine
	410
	470
	
	Rose Bengal
	540
	550-600

	Chinacrine
	450-490
	515
	
	ROX
	580
	605

	Coriphosphine O
	460
	575
	
	Serotonin
	365
	520-540

	Coumarin-Phalloidin
	387
	470
	
	Sevron Brilliant Red 2B
	520
	595

	CY3.1 8
	554
	568
	
	Sevron Brilliant Red 4G
	500
	583

	CY5.1 8
	649
	666
	
	Sevron Brilliant Red B
	530
	590

	CY7
	710
	805
	
	Sevron Orange
	440
	530

	CYQUANT-GR
	480
	520
	
	Sevron Yellow L
	430
	490

	Dans (1-Dimethyl Amino Naphaline 5 Sulphonic Acid)
	340
	525
	
	SITS (Primuline)
	395-425
	450

	Dansa (Diamino Naphtyl Sulphonic Acid)
	340-380
	430
	
	SITS (Stilbene Isothiosulphonic acid)
	365
	460

	Dansyl NH-CH3 in water
	340
	578
	
	Stilbene
	335
	440

	DAPI
	350
	470
	
	Snarf 1
	563
	639

	Diamino Phenyl Oxydiazole (DAO)
	280
	460
	
	SulphO Rhodamine B Can C
	520
	595

	Dimethylamino-5-Sulphonic acid
	310-370
	520
	
	Sulpho Rhodamine G Extra
	470
	570

	Diphenyl Brilliant Flavine 7GFF
	430
	520
	
	SYPRO Orange
	472
	570

	Dopamine
	340
	490-520
	
	SYPRO Red
	530
	625

	Eosin
	525
	545
	
	SYTOX Green
	504
	523

	Erythrosin ITC
	530
	558
	
	SYTO9
	480
	500

	Ethidium Bromide
	510/528
	595/605
	
	TAMRA
	559
	578

	Euchrysin
	430
	540
	
	Tetracycline
	390
	560

	FAM
	495
	535
	
	TRITC (Tetramethyl Rhodamine Isothiocyanate)
	557
	576

	FIF (Formaldehyde Induced Fluorescence)
	405
	435
	
	Texas Red
	596
	615

	Flazo Orange
	375-530
	612
	
	Thiazine Red R
	510
	580

	Fluorescein Isothiocyanate (FITC)
	490
	525
	
	Thioflavin S
	430
	550

	Fluo 3
	485
	503
	
	Thioflavin TCN
	350
	460

	FMBIO
	532
	605
	
	Thioflavin 5
	 430
	550

	Fura-2
	340-380
	512
	
	Thiolyte
	370-385
	477-484

	Genacryl Brilliant Red B
	520
	590
	
	Thiozol Orange
	453
	480

	Genacryl Brilliant Yellow 10GF
	430
	485
	
	Tinopol CBS
	390
	4.3

	Genacryl Pink 3G
	470
	583
	
	TOTO 1
	514
	533

	Genacryl Yellow 5GF
	430
	475
	
	TOTO 3
	642
	661

	Gloxalic Acid
	405
	460
	
	True Blue
	365
	420-430

	Granular Blue
	355
	425
	
	Ultralite
	656
	678

	Haematoporphyrin
	530-560
	580
	
	Uranine B
	420
	520

	HEX
	529
	560
	
	Uvitex SFC
	365
	435

	Hoechst 33258 (bound to DNA)
	346
	460
	
	Xylene Orange
	546
	580

	Indo-1
	350
	405-482
	
	XRITC
	582
	601

	Intrawhite Cf Liquid
	360
	430
	
	YO PRO 1
	491
	509

	JOE
	526
	548
	
	
	
	


3. Supplies provided by Keck Facility

· 2 boxes of cut-on emission filters: 195-610nm

· filter set for use with fluorescein: excitation interference filter (center wavelength = 490 nm, bandpass = 7.3nm) and emission cut-off (bandpass) filter

· Foam pads for filter holder

· Cuvette adapter for 5(5 mm cuvettes

· Cuvettes for test runs if not needed by Keck staff during this time – please contact us.

4. Supplies to bring

We recommend that you bring the following items which are either required for the operation and the cleaning, or have proven useful.

· 1 or 2 fluorescence cuvettes (for 10(10 mm cuvette holder or 5(5 mm adapter).

· Solvents and pipettes

· Kimwipes

· Floppy disk, CD or USB for data.  Computer also networked.

5. How to operate the PC1

Please use the following step-by-step list as a convenient guide for start up and shut down routine. For more detailed instructions about specific operation principles refer to the manual. 

5.1. Things to Consider in Advance

· For best performance allow the lamp to warm up for 10 minutes. 

· If cooling of the PMT’s is necessary, allow for additional time (~30-45 minutes), to reach correct temperature.

· Be sure to check the position of the shutters, placement of sample turrets, and the absence or presence of polarizers and/or filters in the light path before you start your experiment.
· Use caution if choosing to cool the PMTs via Peltier cooling units, or if using the instrument right after another user who did so. Cooling the PMTs lowers the dark current and therefore increases the sensitivity. However, while the PMT temperature is still changing/equilibrating the sensitivity of the detector is changing in a way that cannot be monitored/corrected. This might cause large variations in your data not attributed to your sample. Please see the instrument manuals for further details.

· The sample holder water bath cools the sample only from the bottom.  Be sure to check the fluid level in the water bath.

· The left monochrometer can be taken out if one decides to use band pass filters for better light transmission.  You must ask the Keck staff for assistance when mounting/unmounting the monochrometer for the first time.

5.2. Starting the lamp

· Follow the Keck Radiation Rules. Do the radiation safety check. 

The power for the PC1 instrument must be turned OFF prior to ignition of the lamp and powered up again after the lamp is ignited.

· Turn the PC1 instrument OFF    (back right panel)
Be certain that everything is temporarily turned off when starting the lamp - PC, Monitor, PC1, printer, Peltier units and water baths. Beware that the power light on the computer blinks when in energy saver mode.

· Switch on the Xenon lamp

· Let lamp warm up at 10A, then turn up to 18A.

· Note time in lamp log sheet.

· Turn the power for the PC1 back on immediately after igniting the lamp

You should allow the lamp to warm up for 10 minutes.

5.3. Start-up:

· Log on using the Log terminal 

· Switch on the following

1. PC

2. Monitor

3. Printer

4. if applicable: Waterbath for sample holder

5. if applicable: water bath and PMT peltier cooling units 

Refer to chapter 6.3 for details.

· Open up the instrument cover and insert the slits for your experiment.

1mm slit = 8nm bandwidth 

Note: It is important to use the same slit size on entrance/exit port of each monochrometer. Slit sizes used for excitation and emission monochrometer may vary

Caution: Always turn the PMT off when changing the slits.  Stray light can destroy the PMT.  Since the left monochrometer is particularly exposed to an overhead lamp please make sure to use the slits with foam for it and cover it with a black cloth!

· CAREFULLY check the filling of the Rhodamine B reference cell. 
If the cell needs to be filled, ask the Keck Staff for assistance.

· Check the excitation and the left and right emission filter holders for forgotten filters.

· Place the filters you want to use in the holders, using foam pads available in the PC1 supply box (beside radiation Geiger counter) to secure them in place

· Check for a forgotten nut or other devices used to raise a cuvette in the sample turret.

· Move the polarizers in or out- depending on your experimental needs.

· Note: You must not adjust the PMT’s voltage, it is set for maximum sensitivity
If applicable: set the water bath that thermostats the sample turret compartment to the desired temperature using the water bath controller panel located above the key board

NOTE: The water bath only cools the bottom of the sample holder turret leading to very poor contact to sample cuvette/sample solution. Do not assume that the water bath temperature is your actual  sample temperature – you should check using your own external thermometer.

· Open the ISS software “Vinci” by clicking the icon on the desktop
· Compare display of monochrometer position on the screen with monochrometer dial display on the instrument.  NOTE: you must correct the software display to agree with the monochrometer dial display. Do not touch the monochrometer adjustment knobs.
· Compare the positions of the shutters on the screen with the actual positions on the instrument.  Open/close the shutters to match the position displayed on the screen.

· If applicable: Move polarizers to the position displayed on the screen. (0(=vertical, metal knob on the left; 90(=horizontal, metal knob on the right)

· In the software: Make sure the stirrers are set as desired

5.4. Prepare Data Acquisition

Please refer to the instrument manual and the software manual. 

5.6. Shut Down Procedure

· Close all the shutters.

· Remove your samples.

· If applicable: Switch off the PMT Peltier cooling units and associated water bath

· Exit the ISS software.

· Switch off the following:

· If applicable: Water baths for sample holder

· Printer

· Computer

· Monitor

NOTE: The instrument power should always be left ON 

· Log off using the Logon terminal.

· Turn off the xenon lamp

· Decrease lamp power to 10 A.

· Let the lamp cool down for 2-3 minutes.

· Switch the lamp off.

· Write usage time on log sheet.

· Clean up the workplace.

6. Data acquisition/data handling –Tips

6.1. Is everything operating properly? What to look for…

The PC1 can be a little bit confusing at times. Therefore, always check that the instrument is doing what you intend it to do. It is good practice to operate the instrument for a test run with open housing covers. The instrument’s light path is sufficiently light tight for such ‘test runs’

· Check the movement of the monochrometers, shutters and polarizers frequently.

· Be sure that the light path is unrestricted.

· Pay attention to dark counts, reference counts and total intensities. 

For example, reference counts should be at a minimum of 20,000 counts or above. Sample counts above 10,000 counts generally work well. If there are restraints on sample volume/concentration/intensity you might try to push the envelope by using longer data acquisition times and averaging the readings, cooling PMTs, unmounting the emission monochromer (left only) and using filters instead, etc, but ultimately the signal must rise significantly above dark counts (200-300 for PMTs at room temperature)

· When doing polarization experiments, pay attention to g-factors! Consult the instrument manuals for details 

· Double-check your settings and data, for instance, by acquiring complete excitation and emission spectra at least once, or by comparing right and left channel data.

6.2. Sensitivity Problems? Options:

Options for increasing the sensitivity, recommended in this order:

· The PMT’s can be cooled to lower the dark current: see chapter 6.3 for further details. 

· The Lamp power can be increased up to 23 A for a short time only in order to increase the light intensity.

· The left monochrometer can be taken out to increase the light throughput. Please get assistance from the Keck staff.

6.3. Cooling PMTs

Use caution if choosing to cool the PMTs via Peltier cooling units, or if using the instrument right after another user who did so. Cooling the PMTs lowers the dark current and therefore increases the sensitivity. However, while the PMT temperature is still changing/equilibrating the sensitivity of the detector is changing in a way that cannot be monitored/corrected. Experiments conducted while the detectors are still temperature equilibrating might display large variations in your data. 

In order to increase the sensitivity of the PC1 fluorometer you may lower the dark counts by cooling the PMTs (detectors) as follows: 

Start cooling PMTs…
· Switch on the water bath dedicated for the PMT cooling.

[A printout of this instruction sheet is attached to it]

Do not change the temperature setting, which should be set to a value just above 0˚C.

· Switch on the peltier units (two black boxes on top of the lamp power supply)

The ON/OFF switches are located on the back of the peltier units, which faces the waterbath]

After 10-15 min the display of the peltier units shows values between –15˚C and –16˚C, and the dark counts displayed on the upper panel of the ISS software window should have dropped to zero. 

If you are cooling/rewarming the PMTs, which warrants longer equilibration time, you may logout using the log terminal for this period.  
After you have finished…

· Switch off the peltier units (two black boxes on top of the lamp power supply)

The ON/OFF switches are located on the back of the peltier units, which faces the water bath.

· Switch off the water bath dedicated for the PMT cooling.

· Continue shut down of instrument by following the steps outlined in the Section 5.6.

6.4. Commonly used parameters for data acquisition

· Polarization STD (standard deviation) 0.005 an/or max time 60 sec is a good starting point

· 1sec integration: good

· Alt A: delay 2 sec: good

6.5.  Fluorescence: basic considerations
In order to avoid internal absorption and assure that the fluorescence signal scales with the concentration, the concentration of the sample should be adjusted to a maximum absorbance of 0.1 AU at the excitation wavelength.

6.6. Quantitative Fluorescence Analysis – a Quick Primer

Obtaining reproducible quantitative readings using fluorescence spectroscopy is not trivial, and there is extensive literature on the associated issues and limitations. Please use the following notes as a guide, and addition, please consult the instrument manuals.  Fluorescence is not an "absolute" measurement -many parameters are not under the user's control.  Even when doing an absolute corrected acquisition, you have to account for the fact that the PMTs gain changes with temperature.  A way to cope with this phenomenon is to measure the maximum of the Raman spectrum at regular intervals (maybe every 15 minutes).

6.6.1.  What does the "R" mode (ratio) do? 

The ratio mode corrects for lamp fluctuations only during a single data acquisition period.

In ratio mode the instrument performs the following for each individual spectrum:

· Initial Dark counts are taken on the PMTs

· R0  is taken. This is the initial reading taken from the Excitation PMT immediately prior to the beginning of the spectrum.

· The spectrum begins, receiving data given by the Emission PMT. (Each individual point taken from the Emission PMT will be known as the variable, En.)

· Then exactly the same moment that En is being acquired the program takes the reading off the Excitation PMT which we refer to as Rn. (Which is not to be confused with R0, they are not the same) 

· The computer then takes the data and performs the following equation:

Ratio = (R0*En/Rn)

(n is a variable that represents any point within the spectrum; i.e. n = 0,1,2,3,4,5,6,7,8,9.......])

This is done for each point in a spectrum and only within that particular spectrum.

R0 is not carried over to another spectrum. It will be measured for every spectrum that is taken and the R0 for that particular spectrum is used.

So the equation as the spectrum is being taken looks as such:

(R0*E0/R0) (R0*E1/R1) (R0*E3/R3) (R0*E4/R4) (R0*E5/R5)...

In ratio mode the spectrum is normalized against changes in the lamp that occur during the spectrum.

6.6.2.  How can I evaluate & compare my results quantitatively?

Past users of the PC1 have confirmed that repeated readings of the same sample over a short or longer time show standard deviations from 0.3% to up to 20%. 

These variations are not very extreme most of the time, but if you want to compare your fluorescence intensity data quantitatively you must be aware of the following fact: 

· The PC1 does not normalize the data, even when you are using the "R" mode (ratio) for your measurements.

You cannot compare your data directly. Each data set has to be evaluated in relation to the number of reference counts acquired ( i.e. data sets have to be normalized). 

You will have to pay attention to the number of reference counts acquired for each data set and normalize your data. Of course, nothing on the instrument should be changed (slits width; aperture of the pinhole in the excitation channel; gain of the PMTs - which changes slightly with temperature; etc.). 

6.6.3. Compare data quantitatively using the ISS software 

The ISS software enables you to view and print a normalized plot of your data sets. 

6.6.4. Track detector sensitivity: take Raman spectrum

Cuvette:

water (millipore quality or distilled)

Excitation:

350nm

Emission:

397nm (3400cm-1 shifted to longer wavelength)


...see also instrument manual page 355

6.7. ISS software mode “Ratio measurements”
As ISS confirmed in a phone conversation: There is no specific information about this software feature in the manual. Here are the explanations:

Integration time:
number of data points, which will be averaged to one single data point:   for instance: Tb 1 sec, Integration time 3; system will read one data point over 1 sec and will average 3 of these data points to one single 
reading, which will be saved in your dedicated ASCII-data file

Repeat time: frequency for measurements; time in sec after which the instrument will acquire the next data point

    Plot Flag: toggle to Y (ON) in order to watch your data plotted during    data 
acquisition

6.10.  Titrator Accessory

The following instructions have been written to complement the manufacturer’s instructions available beside the instrument (instrument manual, titrator manual). Please consider also getting assistance from the Keck staff, former users, and ISS (manufacturer). 

The titrator accessory with syringe, tubing, and vial rack is located between PC1 instrument and computer. The sample compartment cover (has hole for tubing in the middle) is generally kept on top of the PC1 supply drawer rack (beside radiation geiger counter).

Get started

ATTENTION: The titrator might not have been used for an extended length of time, therefore be prepared to flush the tubing & syringe extensively or to even get your own new tubing.

· Verify that the titrator is connected to power and computer (R232/serial port)

· Provide rinse solution of choice and insert titrator tubing accordingly 

Note: titrator draws from left tubing port and delivers to right tubing port, syringe 990 µl (defined from position of user facing the syringe)

· Switch power to titrator on using red switch on power cable

For further instruction consult titrator manual, instrument manual and consider getting assistance from the Keck staff, former users, or ISS representatives.

When you have finished:

· Flush the syringe carefully with an appropriate rinse solution (e.g. water if water based solutions have been used)

· Do a final rinse with water/30% Ethanol/Methanol

· Return syringe to HOME position
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