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When specimens, living or non-living, erganic or inorganic, absorb and subsequently
re-radiate light, we describe the process as phoiolumninescence. |f the light emission per-
sists for up o a feve seconds after the excitation light is withdrawn, the phenomenon is
known as phosphorescence, Fluorescence, on the other hand, describes light emission
which continues only during the absorplion of the excitation light. The time interval
between absorption of excitation light and emission of re-radiated light in fluorescence
is of extraordinarily short duration, ssually less than a millicnth of a second.

The phenomenon of fluorescence was known by the middle of the 149th century. It
was Stokes who made the observation that the mineral fluarspar fluoresces when
ultraviolet fight is directed upon it; he coined the waord “fluorescence.” Stokes
observed that the fluorescing light is in longer wavelengths than those aof the excita-
tion light, (Figs. A&B)
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Fluorescence microscopy is basically a method of studving material which can be
made o fluoresce, either in its natural form (primary or autoiluorescence) or when
treated with chemicals capable of fluorescing secondary fluorescence). The fluores-
cence microscope was devised in the early part of the 20th century; Koehler, Reichert
ared Lehman were among the scientists associated with such development. However,
the potential of this instrument was not realized for several decades.

Early investigations showed that many specimens (microminerals, crystals, resins,
crude drugs, butter, chlorophyll, vitamins, inoreanic compounds, etc.) autolluoresce
when irradiated with ultraviolet light. Howewer, i was not antil the 1930% that
Haitinger and others developed the technigue of secondary fluorescence—employing
flucrochrome stains o stain specific tissue components, bacteria, and other pathogens
which do not autofluoresce. These fluorochrome stains, tagped to specific ohjects,
spurred the use of the fluorescence microseope. The instrument’s value was signifi-
cantly enhanced by the 1950 when Coons and Kaplan demonstrated the localiza-
tion of antigens in tssues that were stained with a flugrescein (the fluorochrome)
tagged antibody.
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Fig. C
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The basic task of the fluorescence microscope is to permit excitation light to irradiate
the specimen and then to separate the much weaker re-radiating fluorescent light
from the brighter excitation light. Thus, only the emission light reaches the eye or
other detector, The resulting fluoreseing areas shine against a dark backaround with
sufficient contrast to permit detection. The darker the backgraund of the non-fluoresc-
ing material, the more efficient the instrument. (Fig, ©)
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It should be noted that this is the anly mode of microscopy in which the SpRCimen,
subsequent to excitation, gives off its own light. The emitted light re-radiates spheri-
cally in all directions, regardless of the direction of the exciting light.

ADWANTAGES OF FLUORESCENCE MICROSCOPY

Fluorescence microscopy is a rapidly expanding and invaluable tool of investigation.
Its' advantages are based upon attributes not as readily available in other light
microscopy techniques, The use of fluorochromes has made it possible to identify
cells and sub-microscopic cellular components and entities with a high degree of
specificity amidst non-fluorescing material, What is more, the flucrescence micro-
scope can reveal the presence of fluorescing material with exquisite sensitivity. An
extremely small number of fluorescing molecules (as few as 50 molecules peer cubic
micron} can be detected, In a given sample, through the use of multiple staining, dif-
ferent probes will reveal the presence of different target molecules. Although the flu-
prescence microscope cannod provide spatial resolution below the diffraction limit of
the respective objectives, the presence of fluorescing molecules below such limits is
made visible,

Techniques of fluorescence microscopy can be applied to crpanic material, formerly
living material or to living material lwith use of in vitro or in vive flusrochromes) or
to inorganic material {lately, especially in the investigation of contaminants on semi-
canductor waters). There are also a burgeoning number of studies using fluorescent
probes to monitor rapidly changing physiological jon concentrations (calcium, mag-
nesium, etc.b and pH values in living cells.

There are specimens that fluoresce when irradiated with shorter wavelength light (pri-
mary or autofluorescencel. Autofluorescence has been found useful in plant studies,
coal petrography, sedimentary rock petrology, and in the semiconductor industry.

Ire the study of animal tissues or pathogens, autollusrescence is often either extremely
faint or of such non-specificity as to make autofluorescence of minimal use. C3f far
greater value for such specimens are the fluorochromes {also called fluorophores)
which are excited by irradiating light and whose eventual vield of emitted light is of
greater intensity. Such fluorescence is called secondary fluorescence.

PAGE 20 ADVAMTACES OF FLUGREICENEE MEROGCTIRY



Fig. 0 1,2.3
Absarpticn’
Fmission Spectral
Dhggrams

= Absorplion
Spectrim fior
molecules
pspally similar
for Excifation
Specirur)

£ = Emission
Spectrum

o = Cverlap

Fluarachromes are stains, somewhat similar to the better-known tissue staing, which
attach themselves ta visible or sub-visible organic matter. These fluorochromes, capa-
ble of absorbing and then re-radiating light, are aiten highly speciiic in their atlach-
ment tarpeting and have significant vield in absorption-emission ratios, This makes
them extremely valuable in biclogical applications. The growth in the use of fluores-
cence microscopes is closely linked to the development of hundreds of fluo-
rochromes with known intensity curves of excitation and emission and wall-
understood biological structure targels.

A chosen fluorochrome should have a high likelihood of absorbing the exciting light
and chould remain attached 1o the target malecules; the fluorochrome should also b
capable of providing a satisfactory yield of emitted fluorescence fight,

DETERMINATION OF ABSORPTION (EXCITATION)-EMISSION CURVES

Because of their different electron configurations, flucrochromes have unigue and
characleristic spectza for absorption (usually similar o excitation) and emission. These
absorption and emission spectra show relative INTENSITY OF FLUGRESCENCE, with
relative imensity as the vertical axis versus wavelength as the horizontal axis. For a
aiven flunrochrome, the manufacturers indicate the wavelength for the peak of exci-
tationfluorescence intensity and the wavelenpth for the peak of emissionfluores-
cence intensity.

It is important that you understand the origin of the graphs/curves showing the exci-
tation and emission spectra for a given fluorochrome.

To determine the EMISSION spectrum of a given fluorochrome, the dye absorption
maximium wavelength (usually the same as the excitation maximum) is found anel the
fuarachrome is excited at that maximum. A monochromator {a device tor allowing,
narfow wavelengths of light to pass) is then used to scan the fluarescence emission
intensity at successive emission wavelenpths. The relative intensity of the fluorescence
ic measured at the various wavelengthis to draw the EMISSION spectrum. (Fig. D)
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The EXCITATION spectrum of a given fluorachrome is determined in a similar man-
mer. The emission maximum is chosen and only emission light at that emission wave-
length is allowed to pass to the detector. Then excitation is induced—by means of a
manochromator—at various excitation wavelengths and the intensity of the emitled
flunrescence is measured. The result is a graphicurve which depicts the relative FLU-
CIRESCENCE intensity caused by excitation al the successive excitation wavelen pths.
[Fig. D1}

several ohservations can be made from a typical excitation/femission set of curves.
There is usually an overlap at the higher wavelength end of the excitation specirum
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Figs. ET & £E2

and the lower wavelength end of the emission spectrum. This overlap of excitation
and emission intensities/wavelengths must be eliminated, in fluorescence microscopy,
by means ol appropriate selection of excitation filter, dichromatic beam splitter (in
reflected light fluorescencel, and barrier filter. Otherwise, the rmuch brighter excitation
light cverwhelms the weaker emitted light and significantly diminishes the contrast.
(Fig. D3

When electrons go from the excited state to the ground state (see later section on
molecular explanation), there is a loss of vibrational energy. As a result, the emission
spectrum is shifted to longer wavelengths than the excitation spectrum twavelength
varies inversely to radiation energy). This phenomenon is known as Stokes’ Law or
Stokes' shift, The greater the Stokes’ shift, the easier it is to separate excitation light
from emission light. The emission imensity peak is usually lower than the excitation
peak; and the emission curve is often a mirmor image of the excitation curve, but shift-
ed to the longer wavelengths. To achieve maximum fluorescence intensity, the fluo-
rochrome is usually excited ar the wavelength at the peak of the excitation curve, and
the emission is selected at the peak wavelength {or other wavelengths chosen by the
observer) of the emission curve. The selections of excitation wavelengths and emis-
sion wavelengths are controlled by appropriate filters,

in determining the spectral response of an optical system, technical carrections are
reqquired to take into account siech factors as plass transmission and detector sensitiv-
ity variables for different wavelengths,

A TYPICAL ABSORPTION (EXCITATION-EMISSION SPECTRAL DIAGRAM

Atypical fluorochrome absorption-emission spectral diagram is shown. (Fig. F1) Note
that the curves of flucrescence intensity for absorption (usually similar to the excita-
tion curve for pure compoundst and emission for this tpical fluorochrome are somee-
what similar in shape. The wavelength shift between excitation and emission has
been known since the middle of the nineteenth century (Stokes’ Law). Also nate that
the excitation and emission curves overlap somewhat at the upper end of excitation
and the lower wavelenpths end of the emission curve,
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The separation of excitation and emission wavelengths is achieved by the proper
selection of filters to black or pass specific wavelengths of the spectrum, (Fig. E2) The
design of fluorescence illuminators is based on control of excitation light and emis-
sion light by readily changeable filter insertions in the light path on the way toward
the specimen and then emanating fraen the specimen. It is important, in view of fow
emission intensities, that the light source chosen for excitation be of sufficient bright-
ness so that the relatively weak emission light can be maximized: and that fluo-
rochromes of satisfactory absorption and vield he chosen,

PALGE 47 A TYPICAL ARSORPTION [EXCUTATION-EMISSHIM SPECTRAL DIAGRAM



Fig. F 1,23
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The ability of the flucrochrome o absorh the excitation light i= known as the extine-
tinn coefficient, The greater the extinction coefficient, the likelier the absorption of
light { a prerequisite to ensuing fluorescence emission).

The yield is referred 1o as the quantum yield, the ratio of the number of guanta
(“packets” of energy) emitted compared to the number of quanta absorbed (usually
the yield is between 0.1 and 0.7). Quantum yields below 1 are the result of the loss
of energy through non-radiative pathways (e.p. heat or photochemical reaction) rather
than the re-radiative pathway of fluorescence.

Extinction coefficient, gquantum yield, mean luminous intensity of the light source,
and fluorescence lifetime are all important factors contributing to the intensity and
utility of flucrescence emission.

MOLECULAR EXPLANATION

Flusrescence activity is sometimes depicted diagrammatically as shown in Fig. F
(a so-called Jablonski-type diagramy). Prior to excitalion, the electron configuration of
the molecule is described as being in the ground state. Upon absorbing the excitation
light, usually of shart wavelengths, efectrons may be raised to a higher energy and
vibraticnal excited state; this may take a trillionth of a second (107 sec ). In fluores-
cence, in an interval of approximately a billionth of a second (107 sec.), the excited
electrons may lose some vibrational energy and return o the so-called lowest excited
singlet state. Fram the lowest excited singlet state, the electrons “drop back” 10 the
ground state with simultaneous emission of fluorescent light. (Fig. F1) The emitted
light is always of longer wavelengths than the excitation light (Stokes’ Law). If the
prciling radiation i halted, the fluorescence ceases.
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If the excited electrans, instead of *dropping back” to the lowest singlet state, “drop”
into the so-called “forbidden” triplet state and then 1o the ground state, the emission
of radiation may be considerably delayed—up to several seconds or mare. This phe-
nivmenon is characteristic of phosphorescence, (Fig. F2) In some instances, the excit-
ed electrons may go from the “forbidden” triplet state to the lowest excited singlat
state and then return to the ground state, emitting fluorescent light. This action takes
a little longer {about 10% seconds) than the usual fluorescence and is called delayved
flusrescence, (Fig, F3

Linder some circumstances, e.g, photobleaching or the presence of salts of heavy
metals, ele., emitted light may be significantly reduced or halted altogether.
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FADING

There are conditions which may affect the re-radiation of light and thus reduce the
intensity of fluorescence, This reduction of emission inensity is generally called jad-
ing. Some authars further subdivide fading into quenching and bleaching. Bleaching
is irreversible decompaosition of the fluorescent molecules because of light intensity
in the presence of molecular oxygen. Quenching also resulis in reduced fluomescence
intensity and frequently comes about as a result of oxidizing apents or the presence
of salts of heavy metals or halopen compounds.

Someetinmes the quenching results from the ransfer of enemgy 10 other so-called accen-
tar molecules physically close to the excited fluorophores, a phenomenon known as
resonance energy transfer. This particular phenomenon has become the basis for a
newer technigue of meascring distances far below the lateral resolution of the light
MICrosCope.

The occurrence of bleaching has led to a technique known as FRAR, Fluorescence
Recovery After Photobleaching, FRAP is based upon bleaching by shon laser bursts
and subsequent observation of the recovery of fluorescence caused by the diffusion
of uorophores into the bleached area.

To lessen lacing in some specimens, it may be advisable to use a neutral density filter
in the light path before the light reaches the excitation filter, thus diminishing the exci-
tation light intensity, In other instances, fading effects may be reduced by changing
the pH concentration of the mounting medium or by using anti-hleaching agents, For
photomicrography or visual observation, rapid changing of the field of view may also
avoid fading effecns.
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Fig. H
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FLUDRESCENCE MICROSCOPES

The early fluorescence microscope utilized transmittad light illumination idiascopic
Husrescencel, A primary filler 1o select the excitation light wavelengths was placed
in the light port of the microscope and a secondary or barrier filter was positioned
above the microscope nosepiece to block residual excitation light and to select the
emission wavelengths reaching the eye or camera. (Fig. G)

In brightfield transmitted light fluorescence, it was difficult 1o separate the excitation
light from the fluarescing light because hoth kinds of light directly entered the objec-
tive. Transmitted light brightfield condensers were soon replaced by high numerical
aperture oil darkfield condensers.

The ail darkfield substage condenser directed excitation light at steep angles toward
the specimen. Because of the darkfield design, most of the excitation light never
entered the objective. As the specimen absorbed excitation light and emitted anly
longer wave length light, it was the longer wavelength light that gained admittance 1o
the abjective and thus passed through the barrier filter to the eve or ather detecior,
The resulting image showed as a more or less brightly fluorescing object on an
otherwise dark background. Any scattered excitation light was blocked by the barrier
filter. (Fiz. H|
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Although the equipment for transmitted light darkfield fluorescence is relatively sim-
ple, the technigue has significant disadvantages. Many users find it difficull o prop-
erlv align the oiled condenser 1o the optical axis of the microscope. In addition, the
numerical aperture of the higher magnification ail or water immersion objectives has
tovbe reduced by a built-in iris diaphragm twith consequent loss of light intensity and
resolution) in order to prevent excitation light from entering the objective directly.
Transmitted light darkiield technigue also prectudes the use of simultanecus fluores-
cence viewing along with phase microscopy or Nomarski differential interference

FALE 77 FLLIORESTENCE MICROSCOPES



Fig. |
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contrast microscopy. The darkfield method is also very wasteful of light, since the
excitation light irradiates much of the specimen putside of the field of view being
abserved, thus reducing the usability of excitation intensity,

REFLECTED LIGHT FLUDRESCENCE ILLUMINATOR

The rame of 1.5, Ploem is almost synonvmous with the use of the vertical illuminator
for reflected light fluorescence microscopy. Ploem, Brumberg and others were closely
associated with the development of dichromatic beamsplitters (dichroic mirors)
which overcame the light loss problems inherent in the use of ordinary half-mirrors
in reflected light microscopy. Reflected light fluorescence microscopy is overwhelm-
ingly the choice of today's fluorescence workers, This mode of fluorescence
ricroscopy is also known as incident light fluorescence, epi-fluorescence, ar epis-
copic fluorescence,

The universal reflected light vertical illuminator is interposed between the ohservation
viewing tubes and the nosepiece carrying the objectives, (Figs, |, Ki

5
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E'Ef[l |||||llII'|II!
11—
.

The illurninator is designed o direct light onto the specimen by first passing the light
through the microscope objective on the way toward the specimen and then using
that same ohjective o capture the Hght being emitted by the specimen. (Fig. )

PACE B REFLECTED LIGHT FLUORESCEMCE ILLLUIRYMATOR
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This type of iluminator has several advantages: the objective, first serving as a well-
corrected condenser and then as the image-forming lisht gatherer, is always in correct
alignment relative to each of these functions; most of the unwanted or unused exci-
tation light reaching the specimen travels away from the objective { such “front-face”
fluorescence excitation is particularly good with thick specimens); the area being illu-
minated is restricted ta the area being observed; the full numerical aperture of the
objective, in Koehler illumination, is utilizable: and, it is possible to combine or alter-
nate reflected light fluorescence with transmitied light phase or Nomarski difierential
interference or Hoffman Modulation contrast observation. (Figs, K & i)

The universal reflected light illuminator (see Fig. 1) has at its far end a universal lamp-
house which contains a light source, usually a mercury bumer. (Other light sources
might be a xenon burner or a halogen bulh.) The light travels along the illuminator
parallel tc the table top and perpendicular to the optical axis of the microscope. The
light passes thraugh collector lenses and a variable, centerable aperture diaphragm
and then through a variable, cemerable field diaphragm. It is incident upon the exci-
tation filter which selects those excitation wavelengths that are wanted to reach the
specimen and blocks the wavelenpths not wanted 1o reach the specimen. The select-
ed wavelengths reach the dichromatic beamsplitting mirror. This mirror is a special
type of interference filter which eificiently reflects sharter wavelength light and effi-
ciently passes lonper wavelength light. The dichromatic beam splitter [also sometimes
called the dichroic mirror is tileed at a 43 degree angle to the incoming excitation
light and reflects the excitation light at a 90 degree angle directly through the objec-
tive and onto the specimen, The fluorescent light emitted by the specimen is gathered
by the abjective, now serving in its usual image forming function, Since the emitted
light consists of longer wavelengths, it is able 1o pass through the dichraic miror,

PAGE 9f REFLECTED LEGHT FULORESCERNCE [LLUMIMATOR



Fig K
['miversal
Reflected Light
Ilaminator

1. Mlaminater
2. Blot for
Folarizer

3. 5lot for
Analyzer

4. Polarizer

5. Mount for
Viewing Tuhe
Hegd

. Cube

fd atfachabiel
7, Cuehe
Attacment Raif
8. MO Filters

4 LUV Shade
10 Light Cut
Shide

71, Microscope
Stand

12, Attachment
Site o Lamhouse
13, Cube Rotator
Whee!

b, Slexf for
Upyoerr DN Prism
iy mosEniece!
15 Uiniversal
Condanser with
LN prisms

Fig. |

“Exploded” View
of Fluorescence
Cubea [ Barrier
Filter, Diehroit
Mirrow, anel
Fxriter Filter are
Liser-Removable)

BARRILE FILTER

1]

e
L

=

%

ICHRCHE MIRROE EXCITER FILTER

PACE 11V REFLECTED LIGHT FLUCTRESCENCE ILLLIAINATO®R



Fig. M
Flunresconce
Reflected Light

arndd Momarsky DIC

(Magrammatic)

1. Mercury Light
Source

. Exciter Filter

. Dichraic Mirror
. CMhjective

. Specimen

. -Barrier Filter

. Halogen Bulh

. Polarizer

4. Lenwver Modifiedd
Wiallastan Frism
T Siibstaee
Candenser

I, Lpper
Mexified
Wiollaston Prsm
(i osepiece)

o B de s By

12 Analvzer

Any scattered excitation light reaching the dichroic mirror is reflected back toward the
light source. Before the emitted light can reach the eyepiece, it is incident upon and
passes through the barrier or suppression filter, This filier blocks (suppresses) any
residual excitation light and passes the desired longer emission wavelengths oward
the eyvepieces. In most reflected light fluorescence illuminators, the excitation filter,
dichroic mirror, and barrier filler are incorporated ina cube. (Figs. 1, T)

The more sophisticated systems accommaodate three or four fluorescence cubes ion
d revolving lurret or on a slider) and permit the user to attach replacement ¢ustom-
made exciters, harder filters or dichroic mirmors,
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The design of the iluminator should permit the user to employ the desirable Koehler
illurnination, providing bright and even illumination across the field of view, The cor-
recled condensing lenses of the system make certain that the image of the centerable
aperture diaphragm is conjugate with the back aperiure of the focused objective. The
image of the pre-focused, centerable field diaphragm is conjugate with the focused
specimen and the plane of the fixed eyepicce diaphragm.(Fig. N}
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SPECIMEM

The universal illuminator lamphouse should incorporate an infra-red filter o block the
very long, heat generating wavelengths, Some lamphouses have a built-in red sup-
pression filter (g, BG3R, or a ot for such a filter, to eliminate a reddish backpround
seer in thie fleld of view In some applications, The lamphouse itsell should not leak
harrmful sltra-violet wavelengths and, preferably, should incorporate a switch to auto-
matically shut down the lamp if the housing is inadvertently opened during operation.
The lamphouse should be sturdy enough to withstand a possible burner explosion
during operation, The famp socket should have lamp centering scresws to permit cen-
tering the image of the lamp arc or halogen lamp coil to the back aperture of the
abjective (in Koehler illumination these planes are conjupate_) (Fig. P
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An ultra-violet protecticon shield is fitted into the front of the illuminator 1o protect the
user's eves from any inadvertent leakape of potentially dangerous short wavelenath
rachation. In the light path, closer to the lamphouse and before the excitation filker, it
is desirabile 1o have a light shutter for complete blocking of excitation light. The light
shutter thus permits you to-block the burner light without switching the burner off:
neutral density filters permit reduced intensity to diminish fading in some specimens,

The universal reflected light illuminator can be attached to the standard moduolar
upright microscope; and a similar version is now used with inverted microscope
stands. The inverted stands also permit combining or allernating between reflected
light Mluorescence and the various contrast techniques of transmitted light microscopy,
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The vertical illuminator, preferably, should have no magnification factor, Some illu-
minators have a magnification factor of 1.25X and are so inscribed,
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FLUORESCENCE- LIGHT SOURCES

In most flunrescence microscopy, the number of photons reaching the eve or other
detector, such as a video camera or phatomultiplier, is low, The quantum yield of
mist Hueorochromes is low (guantum vield is the ratio of the number of quanta emit-
tedh by the specimen as compared to the number of quanta absarbed), To penerate
enough excitation light intensity 1o furnish emission capable of detaction, powee rful
light sources are needed, usually arc lamps, The most common lamps are the mercuny
burners, ranging in waltage from 30 watis 10 200 watts and the senon burners ranging
from 75 wantts to 150 watts. These light sources are usually powered by a D.C. power
supply furnishing enough start-up power to ignite the burner and to keep il burning
with a minimum of flicker. The power supply should have a timer 1o enable vou o
keep track of the number of hours the burner has been in use. Arc lamps lose efficien-
cy and are more likely o shatter, i ssed bevond their rated filetime.
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The mercury bumers do not provide even intensity across the spectrum from ulira-
violet 1o infra-red, Much of the intensity of the mercury burnier is expended in the
near ultrasviolet, with peaks of intensity at 313, 134, 345, 406, 435, 546, and 578
nanometers. At other wavelengths of visible light, the intensity is steady but not nearly
s0 bright, but still usable for blue excitation. (See Fig. Q1 for the emission spectrum
of the mercury burner), It also should be understood that mere wattage is not the only
consideration for determining brightness. Another important criterion is the size of the
are; the brightness per unil ares of the arc encompassed within the back aperture of
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Fig. (32

Fig. €13
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the aibsfective is a better measure of the useful brighiness of the burmer. Using this cri-
terion, you will nate that of the three mescury burners listed; the 100 want
hurner—ather things being equal—is the brightest of the three, (Fig, Q21 Also impor-
tant i your selection of a bumer is whether or not the spectral intensity peaks ol the
burner's wavelengths match the excitation requirements for the fluorochromes youw
aATE LISing.
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Whenever an illumination system is being evaluated, it is necessary to consider the
entire system including collector lenses and the use of aperture and field diaphragms
in securing Koghler llumination,

The xenon burners have much more even intensily across the wisible specirum than
do the mercury bumers: they do not have the very high spectral intensity peaks that
are characteristic of mercury burners, (Fig. (1) Xenon lamps are deficient in the ulira-
viclet: they expend a larze proporion of their intensity in the infra-red, and therefore
the use of such lamps requires care in control of heat. Short-gap xenon burners are
usiialiy more desirabile becawse the size of the arc is such that s light may be more
readily ingleded within the back aperture of the objective, thus avoiding waste of light
intensity.

Meither mercury nor xenon lamps should be handled with bara fingers in order to
avoid inadvertent elehing of the quartz envelope. Mercury and xenon burners reguine
caution during aperation because of the danger of explosion. Xenon burners need
careful handling, even when cold, because of internal gas pressure,

Sometimes, wngsten-halogen bulbs are used, especially for blue or green excitation
with brightly emitting specimens. (Fig.033) Their autput is relatively even across the
visible spectrum: they are deficient in the near-ultraviolet and also have a relatively
high propotion of intensity in the infra-red. These lamps do not require expensive
power supplies for ignition but are powered by low voltage transformers; the bulbs
last for thirty o fifty hours when used at their maximum rated voltage,

RELATIVE INTEMSITY
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Figs, RI.2.3

Mercury burners have a life of 200 hours; xenon burners several hundreds of hours.
Freguent on-off switching reduces lamp life. Whan the burners reach their rated lije-
time, the spectral emissions may change and the guartz envelope weakens.

In recent years, there has heen increasing use of lasers, particularly the argon-ion laser
with powerful emission capability at 488 and 514 nanometers, Laser sounces, despite
the high cosl, have become especially useful in laser scanning confocal microscopy,
This technigque, with its many variations of equipment, has proved to be a powerful
tool in rendering very sharp fluorescence images by ingeniously controlling put-of-
locus light. This is accomplished through scanning and imaging extrernely small, shal-
low areas successively. The optical sections of the specimen are stored in a a
computer and reconstituted into the whale image which can then be displaved on a
video maonitor or printed with a video printer,

CENTERING SCREEN FOR LAMP ADJUSTMENT

Microscope companies may offer an optional centering screen to facilitate the cen-
tering of the image of the famp arc to the back aperture of the objective. This acces-
sory has, at its upper end, the standard R.M.S. thread and can be screwed into the
nosepiece, |t is placed there and rotated into the light path. The lower face of the
accessory has a frosted, orange-colored glass with an inscribed crosshair, Light com-
ing down from the dichroic mirror strikes the built-in reflector of the centering screen
and is reflected onke the crosshairs, As you manipulate the lamp condenser knoh and
the centering screws on the lamp socket, you can move that image o that it is cen-
tered to the crosshairs, (Figs. R1 & R2) The size of the image of the arc can be made
bigzer or smaller by manipulating the lamp condenser lever. When vou are dane with
the centering accessory, it can be replaced by a regular objective.

CENTERING SCREEMN

BRIGHTEST 5POT CEMTERING BLURMNER AMND MIRROR
(N MIRROR) SCREEMN IMAGE SIDE BY SIDE
"1 K2 R

IF the lamphouse contains a mirror, the mirror position should be adjusted so that the
arc image in the mirror is positioned parallel and adjacent to the arc image itself
Fig. R3.

If you do not have a centering screen, the following alternative procedure can be
used, Focus the specimen with the 10X objective. Then rotate the nosepiece so that
an empty opening on the nosepiece isin the optical path of the microscope. Place a
white card on the stage (in place of the specimen) and vou will see the image of the
arc projected onto the card. By manipulating the lamp condenser knob and the burn-
er centering screws on the lamphouse, you can center the image of the arc to the
optical axis of the microscope,
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FILTERS

The terminalozy applied 1o Aucrescence filters has become a jumble as a result of
various initials utilizerd by different manufacturers, Let's try 1o make some order of this
confusing terminology. Basically there are three categaries of filters to be sorted outl:
exciter filters, barrier filters and dichromatic beam splitters. Proper seleclion of filters
is the key to successful fluorescence microscopy.

Exciter filters are filters which permit only selected wavelengths 1o pass through on
the way towarl the specimen. Barrier filters are filters which are designed to suppress
or block tabsorb) the excitation wavelengths and permit only selected emission wave-
lengths 1o pass toward the eve or other detector. Dichromatic beam splitters (dichroic
mirrors) are specialized filters which are designed to efficiently reflect excitation
wavelengths and pass emission wavelengths. Dichromatic beamsplitters are used in
reflected light fluprescence illuminators and are positioned in the light path after the
exciler filter but before the barrier filker. They are oriented at a 45 degree angle 1o the
light passing through the excitation filter and at a 45 depree angle to the barrier filter,
Filter curves show the percentage of transmission (o the log. of percentage) as the
vertical axis and the wavelength as the horizontal axis,

Filters formerly were almost exclusively made of colored glass or colored gelatin
sandwiched between glass. As a result of more sophisticated filter technology, there
have been developed interlerence filters which consist of dielectric coatings (of varied
refractive indices and reflectivity) on glass. These filters are designed to pass or reject
wavelengths of light with great selectivity and high transmission, Most of today's
exciter fillers are the interference type; some barrier filters are also, for special needs,
the interference type. Dichromatic beam splitters are specialized interdference filters,
Sometimes shart pass filters (SP) and long pass (LP) filters are combined to narrow the
band of wavelengths passing through such a combination.iFig. 56)

EXCITER FILTERS: {Figs. 51,54,55,56)

LG (ultra-violet glass) and BG iblue plass) are plass exciter filters.

KP ik is abbreviation for kurz, short in German) and SP are short pass filters; or ex for
exciter filter.

Nowadays, most exciter filkers are of the interference type. The transmission curve of
a KP or SP dilter shows a steep drop at the righthand side of the curve. If the exciter
filter is labeled with the letter B or BP. it is a band pass filter. A BP filter is a filter with
wavelength cut-off to the |eft of its curve and to the right of its curve (see diagram).
MNumbers may refer to the wavelength of maximum transmission for band pass exciter
filters, For SP ar KP filters, the number may refer to the wavelength at 50% of the
maximum transmission. For band pass filters sometimes the bandwidth, in nanome-
ters, at the 50% level of maximum transmission is stated, Band pass filters are
desipnad to pass only a desired band of the spectrum; many intederence band pass
filters pass a narrow band of the spectrum, Sorme manufacturers label their interfer-
ence filters with the designation IF. Narrow interference band pass filters are especial-
ly helpful if the Stokes’ shift i small.
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BARRIER FILTERS: (Figs. 52,54,55 56

LP or L ilong pass). GG (yvellow or gelb glass) or G (green glass), R or RG (red alass),
OG or O lorange glass), ¥ tyellow glass), K (kante, German for edge), BA (harrier)

Barrier filters block (suppress) shorter wavelengths and have high transmission for
longer wavelengths, When the type also has a number, e.q. BA47S, that designation
refers to the wavelength (in nanometers) at 50% of its maximum transmission. Curves
far barrier filters usually show a sharp edge at the left side, indicating the bloc king of
wavelengths (o the left of that edpe. More recently, there have been preduced barrier
filters of the interference type; also some barriers which are band pass with sharp cut-
offs at both the left and nght sides of the transmission cumve
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Fig. T Cuhe
Dragrammatic
A. Exciter Filter
IReplaceatle)
B. ichrene:
Myror
iReplaceahle)
. Barrier Filter
[Repfacealie)

DICHROMATIC BEAM SPLITTERS: (Fig. 53)

CRS (chromatic beam spliner), DM (dichroic mirrorl, T (teiler kante, German for
edee splitter), FT ifark teiler, Gemmnan for colar splitter), RKP [reflection short passi—all
of these terms are interchangeable;

These filters are always the interference type. The coatings are designed to have high
reflectivity for shorter wavelengths and high ransmission for longer wavelengths,
They are placed at a 45 degre angle 1o the path of the excitation light coming
through the reflected light Tucrescence illuminator. Their function is to direct the
selected excitation (shorter wavelengths) light through the objective and onte the
specimen. Their addiional functions are o pass longer wavelength Tight to the barrier
filtes, and 1o reflect any scattered excitation light back in the direction of the lamp-
hewse.

In many of the current reflected light fluorescence illuminators, the exciter filter,
the dichrow mirror and the barrier Biller are all incorporated inte a single cube. (Fig.
T) The iklaminator, by means of a slider or rotation device may incorporate as many
as three or four cubes, thus giving the user the aption to conveniently work with flu-
orochromes of varlous specifications, Allernative exciters and barrers are easily
attachable for optimizing the excitation or emission wavelengths for certain fluo-
roschiromees. Thie stancard exciter filters and bareier filters are userdetachahle so that
custom-made filters can be fitted.

C

okl L4

Lsually, the lamp housing containg an infra-red or heat filter to protect the fluores-
rence filters from heat deterioration. Some illuminatars may incorporate or accept 4
red suppression filter (BG381 o eliminate reddening of the field of view background
associaterd with some filter combinations.,

Also, the illuminator may accept a neutral density filter and have an opaque light
shutter ta reduce or temporarily block the light from reaching the specimen.

It is advisahle that vou inguire of the manufacturer as 1o what procedures they use in
naming and identifyving their particular filters. Samples of such nomenclature use for
CHympus are shown in the appendix but vou should bear in mind that manufacturers
differ in their naming rules. Microscope companies can supply the transmissicn
curves for their exciter and barrier filters and for their dichroic mirars,
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Figs. UT & L2

CLUBES FOR BLUE EXCITATION

lo understand how a cube functions, let's take, as an example, the common!y-used

cube for blue excitation. This cube (Olvmpus designation for the U-URA illuminator
is the L-MWB cube. The U-MWE cube has a band pass 450-480 exciter filler, This
designation means thal a high percentage of the excitation light falls between 450 and
480 nanometers in wavelength, The dichroic mirmar in this cube is the DM500, so
named because 500 nanometers is the wavelength at 50% of the maximimum trans-
rreission for this mirror. The transmission curve for this mirror shows high transmission
above 500 nm., a steep drop in transmission to the left of 500 nanometers, and max-
imum reflectivity to the left of 500 nanometers but still may have some transmission
below 500 nm. The barrier filter in this cube is a BAS15, This barrier filter has a steep
slope below 515 nanometers and thus passes litthe light below 515, The BA515 is a
long pass filter which transmits a high percentage of wavelengths above 515 all the
way up from green into the far red. (Figs. UT1,U2)
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If your wish to narrow the excitation band for blue excitation, you might choose the
L-MWIB cube. This cube has an interference excitation filter fvery sharp slopes on
either side of the excitation band) BP460-490, a dichroic mirror DMS05 and a barrier
leng pass 5151F (interference barrier filter), The sharp slopes of the exciter and barrier
filters do a better job in separation of excitation and emission wavelengths with min-
imum overlap.

If vou wished 1o do blue excitation but wanted to restrict the emitted wavelengths,
traversing the barrier filter, w0 green emission only, vou could choose the U-MWIREP
cube. This cube has an identical exciter and dichroic mirror to the L-MWIB cube but,
as its barrier filter, it has a band pass BP315-550 (NOT a long pass filter). This barrier
filter passes only light in the green wavelengths 515-550 nm. and blocks longer wave-
lengths ahove 550 and blocks wavelengths sharter than 515 nm.

There are also other cubes for blue excitation, e.g. L-MNIB, L-MNIBBP (see U-URA
cubes listed in the appendix).

If none of the microscope manufacturer's cubes fits your needs, you will have to go
ter an outside commeercial manufacturer (see appendis) for custom-macde filiers and
dichroic mirrars. Most microscope manufacturers now produce cubes which have
removable exciter and barrier filters and a removahle dichroic mirror

The function of the cube is to employ the excitation filter to tailormake the excitation
light reaching the fluorochrome; to ensure maximum reflection of the desired exci-
tation light by the dichroic mirror; and finally to employ the barrier filter 1o pass the
desired emission wavelengths yet block unwanted excitation light or specific unwant-
ad emission wavelengths,
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Figs. V1 & V2

Double Staining
ATCRhodamine

IG5 CLIBE

In addition to the standard fluorescence cubes, manufacturers may offer a cube for
immunc-gold staining. This cube, in place of a dichroic mirror, has a standard hali-
mirror simifar to the kind used in metallurgical brightfield reflected light microscopy.
In place of an exciter filter, there is positioned a long pass 420 nanometer barrier filter
fto block light below 4201 and a polarizing filter oriented to pass light vibrating only
east-wesl perpendicularly to the light entering the cube. In place of a barrier filter on
the cube, there is another polarizing filter (serving as an analvzer which allows only
light vibrating north-south to the light path to pass to the eve or detector, The analyzer
may be placed in not quite crossed position to the polarizer, The imm una-gold (or sil-
ver) stain shows up quite clearly as it adheres to specific targets being studied.

MULTIPLE STAINING

Researchers often run into crossover problems when daoing multiple fluorochrome
staining. For example, in the common double staining using Fluorescein isothio-
cyanate (FITC) and a Rhodamine conjugate, it may be that the blue excitation light
exciting FITC {green emission) will also cause excitation of the Rhodamine conjugate
ired emission), For this combination of stains, vou might try the U-MWIBBP cube (see
appendix for filter specifications for Qlympus U-URA cubes). This cube has a band-
pass excitation filter, 460-490, which will excite FITC. The barrier filter for this par-
ticular cube is NOT a long pass filter but a band pass 515-550 which will restrict the
emission, reaching the eye or other detector, to the green wavelengths and will block
red emission from the Rhodamine.

A second cube, the U-MNG, has a band pass excitation filter 530-550 for green exci-
tation of the Rhadamine conjugate. The barrier filter for the U-MNG cube is a long
pass BASS0 which will permit the red emission of the Rhodamine to reach the eve or
other detector (e.g. film or videol and will block any green emission.

By alternately rotating the L-MWIBBP cube and the U-MNG cube into the light path.
you should be able to separate the green emission of FITC and the red emission of
Rhodamine in a double stained sample. (Figs. V1,v2)
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Similarly, for ather combinations of multiple flucrochrome staining, the user must
know the excitation-emission spectra for the fluorochromes and the transmission
curves for the cubes supplied by the microscope manufacturer,
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[n some instances, it may be necessary to seek custom-made filters isee appendix for
sources) 1o secure needed excitation wave lengths andior separation of fluorescence
emission wavelengths, Several of the commercial sources now also provide custom-
race filters and a dichroic mireor installed ina SINGLE manufacturersuppliced cube,
which are capable of handling double or triple fluorochrome stained specimens with-
out crossover problems e, DAPISFITC, DAPISFITCATEXAS RED, etc.)

THE MICROSCOPE OBJECTIVE

In wiew of the low emitied light levels, the role of the objective in fluorescence
microscopy s crucial because it s the objective’s funchon to gather Light from the
specimen, The angle of the cone of light accepted by the objective s determined by
the numerical aperture (M AL of the abjective, (Fig. W In ransmitted light fuores-
cence microscopy, the intensity of the light reaching the eve or other detector varies
direcily as the square of the numerical aperture of the ohjective and the condenser
and inversely as the square of the total magnification. Cn the other hand, in reflected
[ight fluorescence, the intensity of the image varies directly as the fourth power of the
numerical aperture of the ohjective in use, as well as inversely as the square of the
total magnification (=M A 4Mag <) This difference comes as a result of the objective’s
initially functioning as a condenser fur concentrating light on the specimen, and then
as the wsual light gatherer for image formation. The implications are clear: high
numerical aperture chijectives will vield images of much higher intensity than will
identical magnification objectives with lower numerical aperure. For example, other
things heing equal, a 40X ohjective with an NoAOF 1D will vield images maore than
Frve tirmes srighter than a 40X objective with a numerical aperture of (LG5, A further
implication is that, if possible, the employment of lower magnification visual eye-
pieces g, BX magnification) will also increase the brightness of the image as com-
pared (o the more commonly used 10X observation eyepieces. Additionally, in
reflected light fluorescence, the excitation light is concentrated by the objective (in
its fumciion as a condenser) only on the area being observed. As a result the intensity
of the excitation light is much higher than in transmitted light darkfield fluarescence
where the area being excited does not change as obyjectives are changed. Also in
darkfield, the numerical aperiure of the objective must be reduced to below that of
the condenser to preserve the darkness of the field of view.
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Fig. X
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In aclelition to numerical aperture being an important consideration, it is advisable 1o
have objectives of highest quality chromatic enrection since the focusing of the var-
ious colors in the same plane will yield sharper images, Further, the better the spher-
ical correclion, the sharper the image. Thus, the objectives of chaice are plan
apochromats or plan-fluorites. These should be designed so that the lens elements
and their cements will not themselves astofiuoresce whien iradiated with lizht below
41 panometers in wave length, that & light in the near ultra-vialet,

C¥ course, It is also necessary to employ immersion ail (for oil immersion ohjectives),
shides. and cover slips which do not avtofluoresce.

IMMUINCOFLUORESCENCE

One of the most important applications of flusrescence microscopy is in the field of
immunacfluorescence, The living animal maniactures innumerable antibodies which
are used, In conjunction with white bload cells, to neutralize any entering foreign
bodies (e, viruses, bacteria, foreign proteins) which contain or produce antigens,
The antigen-antibody reaction is highly specific, ofien likened diagrammatically 1o 2
lock-key relationship. Immunoiluorescence owes its success to the “marriage” of the
sensilivity of fluorescence microscopy to the specificity of immunaology,

In direct immunofluorescence, a specific antibody is labeled by chemically attaching
a flugrochrome. This combination is known as a conjugate. The conjugate is spread
on a slide containing the suspected presence of the particular antigen known to stim-
ulate the production of that antibody. If the antigen is present, the labeled antibody
conjugate “joins” the antigen and remains on the slide after washing. The presence
of the chemically attached fluorescent conjugate and antigen is demonstrated when
the fluorechrome is excited at its known excitation peak (Fig. X); and the emission
intensities at various wavelengths can then be observed visually or “captured” by still
camera of videao,

[HEECT IMMLUNOF LDORESCENCE
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Another commonly used immunofluorescence technique is known as indirect
immunoiluorescence. In this technigue, serum possibly containing unlabeled anti-
bady and its related known antigen are incubated together. A flucrachrome conjugat-
ed to an anti-human antibody (if the subject being tested is human) s then placed on
the slide containing the the unlabeled antibady-antigen. If indeed, there has been an
antibody-antigen “joining,” the fluorochrome-labeled anti-human antibody attaches
itself o this antibody-antigen. Then, the labeled grouping of antigen-antibody-flua-
rochromed anti-human antibody is excited at the peak wavelength intensity for that
flucrochrome and any emission is observed (Fig. ¥)
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The indirect technigue reduces the need to stock large numbers of labeled antibodies;
this technigue often resulls in greater flugrescence intensity.

HISTOCHEMICALS

A significant area of fluprescence investigation deals with cvtochemical and histo-
chemical staining. Flucrochromes have been used to identify chromosomes, DA
content, proteins, cell structures, hormones, vitamingete. The (luorescence micro-
srope is a posverful tool in sech studies because of the exouisite sensitivity of selected
fluorochromes and their specificity for extremely minute guantities in the sample.
Indeed, although the luorescence microscope is limited in its spatial resolution o the
usual rules govermed by numerical aperture and diffraction limits, fluorescence probes
can, by emitted light, reveal the presence of fluorescing material by making such
material visible even in sub-resolution amounts.

INAVIVG, IN VITRO

A burgeoning group of applications for fluorescence involve the use of Huorescent
probes (fluorachromes) with living materials, in vivo or in vitro. The difficulties mul-
liply ior such probes because of constraints imposed by possible loxicity; and the
need for attention to time intervals because of the ever-changing nature of the life pro-
cesses and movement of intracellular structures. Fluorescence investigations have
been applied to changes inion concentration, bound and unbound, for such chem-
ical components as calcium or magnesium,

Among the best known are studies of intracellular calcium using the probe Fura-2. In
this instance the dual excitation dye is excited al approximately 340 nanometers and
also at 380 (using a light chopper and dueal excitation filters or monochromatons) and
the single emission is measured for each of these excitations. Attached computers cal-
culate the ratio (the process is called ratio imaging fluorescencet of bound 1o free
intracellular calcium as revealed in the changes in the luorescence emission inten-
sity. The advantage of this ratio method is that essentially all factors are kept constant
except the dual nearultraviolet excitation wave lengths; each of the two excitation
wave lenpths causes emission in the green part of the spectrum,
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A similar type of ratio imaging is done with Incdo-1. For this flusrochromes, also used
for determination of intracellular unbound and bound calcium, a single excitation
wave length is used, but emission is measured a1 each of two emission wavelengths
to distinguish bound from unbound calcium,

FLUORESCENCE PHOTOMICROGRAFPHY

Although fluorescence images may appear 1o be bright 1o your eves because of the
eye’s exquisite sensitivity to light, you quickly realize that long exposures are often
necessary o register an image upon film. Such exposures complicate the photomi-
crography by increasing the likelihood of vibration and film reciprocity failure effects
causing unwanted color shifts in the imape,

While the basic problem is often the paucity of light reaching the film, there are steps
that can be taken. The use of high numerical aperture objerctives, with high transmis-
sion for the wavelengths being used, can significantly reduce exposure time because,
in reflected light mode, the intensity varies as the 4th power of the numerical aper-
ture. Since intensity also varies imversely as the sguare of the magnification, reduction
of the total magnification on film also results in brighter images. Thus, low magnifi-
cation pholoeyepieces are helpful in photomicrography. When using a trinocular
head, it may be desirable to divert all light 10 the camera rather than have the light
split between viewing eyepieces and camera. Since the intensity varies inversely as
the square of the distance to the film plane, it is best to keep that distance short: this
calls for 35 mm. film format in preference to large film size format.

Another variable you can control is the speed (ASA or IS0 of the film used in the
camera, The higher the ASA rating, othar things being equal, the less the ameaunt of
light needed to register an image on the film. Kodak daylight Ektachrome color, ASA
400 or 200, or Kodachrome 200, 35 mm. size, are positive transparency films often
suggested because of speed, good color rendition and good resolution. Other man-
ufacturers make comparable type film. For blackfwhite 35 mm, film, vou might try
Kodak T-Max 400 or Ilford XP2 in 35 mm. filtn size. Kodak Ektar 1000 ASA color nep-
ative film has also been used successfully, if the local &0-minute processor is willing
to cancel the usual automatic coler filters of the printing equipment

Several valuable aids for fluorescence photomicrography are available from some
manufacturers. One is the focusing telescope with illuminated framing reticle {attach.
s as the eyepiece camera’s focusing telescope) which allows you to easily see the
film frame dimensions in a very dark field. For more common fluorochrome emission
intensity, a camera with a silicon blue detector cell tfor determining exposure dura-
tion) will sufiice; for extremely faint specimens a photomultiplier metering detector
may be necessary. Since fluorescing specimens wsually show as bright ohjects on an
otherwise dark background, a camera with spot metering capability is desirable, |f
you do not have a spot meter, you may have to cut exposire down to a half or a
fourth of the metered reading ifor scattered fluorescing ohiects on a dark background)
as you woulel do for darkfield illumination,

It is advisable 1o do the setting up and initial observation with one field within the
specimen and then to quickly move to a “fresh” field just prior to taking the exposure.
This practice may circumvent bleaching or fading effects. It is also helpful to do both
observation and photomicrography in a partially darkened room environment.
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Appendix A

TROUBLE

CALUSE

REMEDY

Troubiesfooring OPTICAL SYSTEM

Guidda

The bulb s on, Bl image
canrl be seen or s dark,

T'he shutter knok 14
chozad or an MO flier
|55 use,

Miove the shuiter 1o opsen apsrtune.
Rermennse MWL dilber,

T Culses 5 rwal rotabed
inba light path carmectly,

Rotate thee cube st the light path
correch

The exc iter files and barriers
tifier are incorrectly eormbined

Follow the filter combimations ine
thie fluenochromie.

The aperiure inis diaphragm,
fleld ins diaphragm o
nhjectives ins diaphragm
apening. is nol completely
g

Completely cpen the agertong iy
diagdwagm and objective’s iris
diapheapm openings, and

open the field iris diaphragn
apening until the image
circumscribees the field of view,

A cube unsultable for e
specEmen s weed,

frmagee b5 unclear, hlumad
oo has insuilicient contrast,

Charpe 1o a aitabde cube,

Cibigectives or tiliers are
dirty.

Wipe them ¢ lean

The exciter frlier and harrier
tilker are incorectly eombined,

Followe the Tiler combinations o
the fluorachrame.

The aperiure iris diaphragm
o field iris dia phragm epening
15 it opened correctly.

Oipen the apenure s diaphrapm
ogenimy completely, and open the
field s |!|:i.\.1_:'tl|:|r.|},',n1 urdil its i mame
circurmscribes the field of view,

A cube wnsuitable for thie
SPRECITEn B e

Change e 2 suitahle culse,

Imalge is |_'|.|||:|.|||-\..- e Lred
arunevenly lumenaied,

The abgectives are not inserted
info she dight path cormectly.

Radate the revalving nosepiecs
until it clichks.

The cutbe s el rotated g
light path correct|y.

Roeate the cube inte
light path cormectiy.

The Tkl iree diaphragm opening
i o lmsed ux(.t’ei.‘-iw\éi'(.

Chpen the freld iris
diaphriagm opening as reguined,

The shutter =lider is et pusherd in
far encugh, The mercury bumaee
5 i cemteted Correctly, or focus
acljustment has nor been
completed,

Piish 1hwe shurther shickes all the
wely . Center the pewny
bairner oF adjust the focus,

Exp imsryes :.;Ednn_q,_

Either exciter filter or barrier
{ilter has nod besen insertecd.

Irsert recquired Rilter.

ELECTRICAL SYSTEM

Poveer switch indic aor
dheses ot lignt up,

Thie posser Coed 15 Commected
incorrectly

Connect omeciy.

Powwer switch indicator lighis,
bt rerury Bsrner does not

Connectors are conned ted
incarrestly The burmer has not
bsaen Instalbed.

Connect corectly.
Install the Barmer,

Thee lamgs howsing inerlock
i Dperating.

Tighten the bull socket
Incking serew securely,

Aurtoignition is nod operating
as reguired.

Tusrm exff thes poswier of the powes
supply unit, Switch on
again. (Repeal a5 necessany |

The bsulb fickers or e dark.

Treaifficient time has slapsed
since the burner was tumed on,

Wit dor 10 minubes
abier turning, on 1he bumer,

The bulb fife has expired.

Regalace the mercury burmer i thes
life meter reads aver 200 baours.
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x EXCITATION DICHROIC BARRIER
Appendix B EXCITATION® CUBE FILTER* MIRROR** FILTER**

Exampies of

Cubes Offerad for U LMWL 130385 ] 4

L-LIRA u LI-AtiL T60-370 E 43—

ﬂ:ﬂ}gﬁn ] u U-MNLIBP 360-370 300 420-450
W LAY A00-410 455 455—
BY LIt BY HI-4400 455 47H—
B\ LI-MABY 4200444 455 475 —
B LI-MWWE 450481 S0k 31 5—
if LIS 60490 5015 515/F—
1] L-MNIB 470451 505 alalF—
1B L-MWIBER 460450 505 575-550
IB LI-MMIBBF A70-450 B4 515-550
G LI-MSING AA0-550 570 S490—
G LLMWG B10-550 K70 sS40
G LI-hAMIC F30-550 570 S90—
I LL-RNIG 520-550 565 SRNIF—
w LL-hAWTY 3453860 L) HI10IF—

* Excitation: U=ultra-violet: Vavioler; Bv=biue violet: B=blue; IBzinterference blue;
G=green; IG=interference  green; IY=interference  yellow. SWs=ultra-wide;
Wawide; N=narrow

** Expressed in nanometers (see section on filtersl, Where a pair of numbsers appears,
the band width is indicated, Where a — appears, the filter is a long pass filter.
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. SUPPLEMENTARY  AIDMHTIOMNAL
APFEMJX B [HCHROIC EXCITER BARRIER EXCITER BARRIER

. . CIOMFE CLIRE MIRROR FILTER FILTER FILTER FILTER
Dichroic
MirrarFilter ] [l [BLVETyY] LG 1420 L4145
Combinations Y435
(Ohympus for v oMY DM453 BP403 Y455 Y475
BH-2 and vaus
Vanox-3) 515
By [BASTAT EihAd 55 HP440 ARG EL42(} Y445
+¥475 515
(H -CanAR [REREEY] BP0 AFC EY455 Bani
+515 530
M
5S40
G52
1B -l 2505 BP49s Q5151F EY475 [Bah0
S0
a7h
540
1 DA CImAS T HP545 5490 En515 R&10
Eir5 30
1G5 -HMIGS {Hali-mirror L&zn AN+ DF
+
P
(Palarizer
BF -BF |Cpkical |Ligtht (Imaps - —
axis leam positian
ajusteri shuthar adjuster]
Fear * LI Lt e Windea) Supplementany fillers doonet come with cubes

For V" (Wit

For “BY" [Blge-vacden

Feaar B* [ Bluei

For “ 18 {inmeriererse Bloe Filten

Far 6" jGnean)

For IG5 dmmuna Geld Slaining Method;

For trightiield or phase conrast, and Sar Nomarski
C anly -HF
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Appendix B

Cross Relerence

CMvrnpus U-LIRA

Cubes to
CHymipus BH-2,
Vanox-3, IMT-2
Cuhes

EXCITATION DICHROHC BARRIER

EXCITATION  CUBE FILTER MIRROR FILTER

LI Li=haLy Bi*330- 385 D00 BA420
(LIG-1) L4200

W LI-AAMY BP40G-410 [IM1455 BA455
1EP415) (Y4551

By LI-mWWBY BP-HI0-2441 355 BA4TS
IBP440) (Ya7HRAFC)

B LI-MMEY BP4A430 [Dhad5s BA4TS
IEP4S0SELA240) Y4T58ARD

i3 LA BP4 50480 A0 Has515
(EP4O0&EY455) 151 5&AFC

B LI-AAWYITH BPG0-4810 A5 BASISIF
(BP495) €51 51F)

& L-hAM I8 BF4701-3%] 5015 BASISIF
[HP45H5&EY455) (EI5151F

G LI-MEWT Bran-550 D570 BAas)
IRP545) (1540

G L-MWG BFS 105500 D570 BASH
(BPS45&ECQ515) 59

o [ [ BP3I0-550 DMR70 BASH
(EP34 REEOR N TEAGEHD

It is advisable to consult the manufacturer’s wavelength/transmission cune chiagrams
for exciter filters, dichroic mirrors and barrier filters to determine how they match the

fluorochrome heing vsed,

The cube names and nanometer numbers refer o the Olympus U-URA cubes: the
fligures in parentheses refer to filters still current for BH-2, Vanax 3 and IMT-2 fluores-

cence cubes.

Use this chart as an aid to guide you in selection of some of the Olympus U-URA,
cubes if you wish to cross-reference to the extensive listing (appearing in the
appendix] of fluorochromes-suggested cubes that was prepared by Dlympus Europe

for the BH-2 and Vanox 3 fluorescence iHluminatars,
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Appendix C
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Appendix C

Characteristic
Curves of
Filtars
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Appendix C
Some Sample
Cunees for
LE-UIRA Cubes
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Appendix D
“Qutside
Sources”
For Filters

Chroma Technalogy Corp,
KRG, Box 9E

Brattleboro, Vermont 05301
BO2-257-T800

Omega Optical, Inc.

POy, Box 573

Brattleboro, Yermont D5301
H02-254-2690

Schatt Glass Technolagies, Inc,
York Aventie

Dlurvea, Pennsylvania 18642
J17-457-7485
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Appendix E

Tables of
Flucrochrames

You will find in the following listng many of the commenly-used fluorochromes, with
their respective peak excitation and emission wavelengths, The author wishes 1o
express particular appreciation 1o Molecular Probes, Inc. for supplying some of this
information: several other sources in the literature were also helpful.

While the author assumes responsibility for the accurate reporting of the data as pub-
lished in various reliable sources, several caveats must be given. “Fluorochrome dyes
are emvironmentally sensitive and different results will be obtained with different sal-
vents and applications,” In reviewing the literature, you will frequently find somewhat
different data supplied for the identical fluorochrome. There are also, in many
inslances, several sub-varieties of a fluaree hrome.

The "Handbook of Fluorescent Probes and Research Chemicals,” published by
malecular Probes, Ing, in Eugane, Oregon is a rich source of information about flu-
orochrome dyes, Much information abouwt fuorochromes will also be found in
sources cited in the bibliography which vou will find in the final pages of this booklet,
just preceding the appendices. See particularly the books edited by Taylor et al. and
the literature published by microscope companies. Also, consult the publications of
Oymepa Optical and Chroma Technolopgy (listed 0 the appendix under “outside
sources” for fillers.)

Included in this section is a copy of a lable of lugrechromes compiled by Olympus
Europe—with accompanying suggestions for standard Clympus (BH-2 and Yanos-3)
cubes and suggested supplementary exciter and/or barrier fillers found suitable far
each respective fluorochrome, By examining the table of cubes and filters (for
Olympus eguipment) included in the appendices section, the fluorescence worker
should find these data of wide applicability for the fluorescence equipment of other
manufacturers,

It is strongly urged that the data for a particular fluorochrome be confirmed by con-
sulting the dye manufacturer to secure full specifications of curves for excitation and
EITHESION.
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Appl’!ﬂdh E FLLUOROCHROME EXCITATION EMISSION

Fluorichromes — Cascade Blue 400 425
Eﬁ.‘,’,':;tiw Catecholamine 410 470
Chinacring A50-490 515
Coriphosphine O 460 575
Coumarin-Fhalloidin aR7 4710
Y38 554 568
CY5.18 649 hifh
CY7 710 505
Bans {1-Dimethyl Amino Naphaline 5 Sulphonic Acid) 340 525
Dansa {Diaming Naphtyl Sulphonic Acid) 340380 430
Dansyl NH-CH3 in water 340 578
DAF 350 470
Diaming Pheryl Oxydiazole ([DAD) 280 460
Dirmethylaming-5-5ulphonic acid H0-370 520
Diphenyl Brilliant Flavine 7GFF 430 520
Dixpamine 340 A91-520
Eosin 525 545
Erythrosin ITC 530 558
Ethictivim Bromice 510 545
Eur_'hr'ysin 430 540
FIF (Formaldehwde Indeced Fluorescence) 405 435
Flazo Orange 375-530 612
Fluorescein |sothiocyanate (FITC) 4'}L} 525
Fluo 3 A5 503
Fura-2 340-350 52
Genacryl Brilliant Recl B 520 590
Genacryl Brilliant Yellow 100GF 430 485
Genacryl Pink 3G 470 583
Cenacryl Yellow 5GF 430 475
Gloxalic Acid 40)5 460
Granular Blue 355 425
Haematoporphyrin 530-560 80
Hoechst 33258 (hound to DNA) 346 4E{)
Inda-1 350 405-482
Intrawhite Cf Liguid ELH) 430
Leucophor PAF 370 430
Leucophaor SF 380 465
Leucophor WS 395 465
Lissamine thdamiru} B200 (RO 200 575 293
Lucifer Yellow CH 425 526
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Appendix F

Fluarachromes -
Excitafion’
Emission

FLUOROCHROME EXCITATION EMISSICIMN
Luciter Yellow V5 430 335
Mapdala Red 524 R
daxilon Bralliane Flavin 10 GFF 450 495
Maxilon Brilliant Flavin 8 GFF 46 4935
MPS (vethy] Green Pyronine Stlbens) 6 395
mithramycin 450 570
MNBD Amine 450 530
Mile Red 515-530 525-605
Mitrobenzoxadidole 460470 510650
Moradrenaline 340 490-5210)
Muclear Fast Red 28-530 SHO
Muclear Yellow 305 493
MNylosan Brilliam Flavin EBG 4R0 514
Pararosaniline (Feulgen) 570 625
Phonwite AR Salution 360 430
Fhorwite BEL 370 430
Phorwite Rev IR0 430
Phorwite RPA 375 430
Phosphine 38 465 565
Phycoenythrin B AB0-565 578
Pontochrome Blue Black 535-553 603
Prirmiline 410 550
Procion Yellow 470 60
Progidium lodide 536 617
Pyranine 410 540
Pyronine B 40-590 S60-650
Pyrogal Brilliant Flavin 7GF iha 495
Quinacrine Mustard 423 503
Rhcdarnine 123 511 534
Rhixdamine 5 GLD 470 565
Rhidamine 60 526 5hi
Rhodarnine B 540 625
Rhsdarmine B 200 523-557 545
Rhosdarmine B Extra 550 &05
Rhodamine BB 540 SE
Rhodamine BG a0 572
Rhodamine WT 530 555
Rose Berigal 5400 550-600
Sarolonin 65 520-540
Seveon Brilliant Red 28 520 595
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Appendix E
Fluaroe tiromiss —

Excitation’
Emissioin

FLUOROCHROME EXCITATION EMISSION
Sewvron Brilliam Red 40 A0 SHG
Sevron Brilliant Red B 530 590
Sevron Cirange 440 530
Sewvron Yellow L 430 490
SITS (Primulinee) 3095-425 450
SITS (Stilbene Isothiosul phonic acid) 65 A6
Stilbeng i35 440
Snarf 1 563 39
Sulpho Bhodamine B Can C 520 585
Sulpho Bhodamine G Extra 470 570
Tetracycling 390 S0
TRITC (Tetramethy| Rhodamine lsothiocyanatel 557 576
Texas Recl 3% 615
Thiazine Red B 310 5800
Thioflavin % 430 5501
Thioflavin TCN 350 460
Thioflavin 5 430 550
Thiolyte 370-385 477484
Thiozol Orange 453 480
Tinopal C85 390 430
TOTO 514 533
TOTO 4 642 hil
True Blue 35 420-430
Litealie 656 678
LIranine B 420 520
Uvitess SFC Ih5 435
Xylene Orange 546 580
KEITC 582 6l
YO PRO 4491 509
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% SUGGESTED  SUGGESTED
Appendix E FLUOROCHROME EXCITATION CUBE SUPP.EXC.  SUPP. BARR.
Flunrocfinomes —

Related Cubes T-Aminoactinamycn 0 o (A0 ECIS1 5 REID
and Filters ECH530
{Courtesy, S Aminaacrielyl Propanc] L AL — | 435
CMympus Furope V455
BRH-2 and —
Vanox-13) MAcid Fuchsin O DA ECHRES R4
ECISAN
Acriclire Crange R [IkAR FYa55 01530
Q570
1541
(] G — 530
570
1590
Acticine Crange pH 50 i kAR EY455 L1530
CI570
1590
A riclire velkw ] [2n4R EYd55 Bdbl
G5
IR Dmis Banl)
G20
Aceiilavine Feulgen 4 2B EY455 1530
L1570
1590
16 AR EX475
1570
15490
Acriflavine 502 (Pseudo-Schifl 1] ML — 1530
1570
(15000
AR g safll f [04R E¥455 Bani
Gad
I DB — BaR
Ch20
Arugline Blue, pH 7.2 i DB EY455 1330
C¥70
1590
1B DIkB - CI530
1570
CHR00)
Auramina B [BASTH E¥455 1530
BAL (Bisamino-phenaloxadiazaley L IsaLl — L4315
L455
Berberire Sulphate B [hAE [RE ] CHR30
570
18 DhaiB —_ CHR30
03570
B-Phycoeryihrin G [BEET ECHE15 -
ECH530
Brillian Sultallavine, pH 2.8 L (WS == e
Brillian Suliafiavine, pH 8.0 L [awatd — =
Carboxy Fluorescein Diacelale B [xai EY455 B460l
G50
I8 [MIB — B4
Gh20
Catecheflaminge By AN - —
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Appendix E SUGGESTED  SUGGESTED

FLUOROCHROME EXCITATION CUBE SUPP EXC. SUPP BARR.
Fluorochromes — ¥ I . : 2tz
Related Cules Ehtnrotetracycline By DapARY — f.‘lz] 3
anmd Filters D—;lu
CAliesil B DMB EY455 0530
s Europe il
BH-2 and Chroamycin A B DBy EL420 —
Vanox-3 Ciari Phosphine £ B CIMB EY455 .
[E] [CHIE: —
LM U [RAETH —
BY DdaBw - .
DA By DB —_ —
DrAMS Dinaphibyl-aming) L (BN — -
Dransyl Caclavesing L DAL —_
Dransy| Chloride L (B~ 1] = -
Dransyl Hyvdrazine U sl = -
[EAP] U BTN = 1435
AR5
[ibaubyrate B [BLET EY455 =
B (RN — _—
[Hearbooyanine u amaL - -
[hiluibe Basic 0 A E(515 —
[P N wan) = .
[¥H LI [ — —
EB (Ethidiom Bromide) G [ 2515 —
ECHZ30
Eosin B o [0 EO515
FCI530
Eewin Y G [y EC2515 -
ECIE50
Erwchrome Black G DG EO515 -
ECHR30
Fuchrysing B DIMABY — 1505
B DB EY455 —
] DrALE s -
Fvars Blue o DinAG EOA1S -
EOI5 34
EXi B kAR EY455 —
e (BLNH - —
Fast Blue G A E{3515 ==
EL35340
Feulzen B g Fya55 -
|6 B -
Filipire BY OB, EL420) =
FITC (Fluoeescein isnthiocyanate) L il = b
B [ ¥IEB EY455 B4k
G
15 DAl - Bk
G520
Fluora Bora B DB EY455 =
Fluwsa Bora il L DALl — -—
Flua Boa T Bv DABY = Y493
0515
B DAl EY455 --
18 [asAlB EYa75 —
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Appendix E
Fluorochromes —
Related Cubes
ani Filters
(Courtesy,
Civmyis Europe
BH-Z and
Vanox-3)

SEUGGESTED SUGGESTED

FLUAOMR O HROME EXCITATION CUBE PPEXC.  SUPP. BARR.
Fluora Bora T Plus (i1% (TR - Y495
0515
[E] DA EY455 -
1} DAl B EY475 —
Fluora Bora P &} DALl — —
Flugtescein Diacetate [H] AR EYa55 —
IE [ItAlR — o
Fluotescent Feulpen IEi CinAlE - -
Fuehain Sehil® o DA Er3515 -
EC530
eeramine OpH 2.6 L DG EC315 -
EC3530 -
Haemotoxylin (Ridenedi BY DrBY EL420
Hoechst 33353 U DnAL
Hoechst 33342, Mewut, pH u DnALl =R =
Lissarmine Rhodamine B G DAL EQs15 =
EC3530
Lueafier e llow i MR - C¥E13
i (RIETE] E¥453
MBD Chlorice B DinaB EYass 0530
0570
1] CinAlR - CIR30
570
Mherocvanine 540 L} BT ECX515 -
EC530
tethyl Green L DA ECS30 -
Mithranycin BY DBy EL43) =
topbrpmrbiamane | Theolyte) BY AN e
Meeutral Red L& [Aacs EQE15
FC¥5 30
Mucle Ll AL — =
CHneaimyean B DR EL420) —
O-Phaldahyde LI DAL - —
Pararosaniline Feulzen G DA EOR15 Rein
EO530
Periadic Ackl Schifl (RAS I8 OnwilB — —
Phefanthrere Quinone B [BE ) EY453 —
Phasphine 38 B’ B EY455 =
Phycoseryihrin 0 (1 ECX515
FOM5 30
Procion Yelloer M4RS B AR E¥455 —
[1:3 [l — i
Proflavine-2 HCL B B E¥455 —
IH CRALE - .
Primusline W [BLEANY — Y475
W45
0515
B CihdAB Y - Y405
D515
Propidium lodsde o Dbl F515 Ri1d
EO530
Proteins G DA ELI5T5 —
Pyronin Y G DMG EDAE5 -
ECS30
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Appendix F SUGGESTED  SUGGESTED

FLUCRCCHROME EXCITATION CUBE SUPR EXC.  SLIPP. BARR.
Fluorachromes — Frvc s
Related Cubes Fyroanin ¥ Sitibene u Dindl) — —
and Fillers Cuinacrine Mustand B CndARY FlL420 Y405
(Coirtesy, 0515
CHvinpes Furnpe 1540
BH-2 anel i3 [ - (530
Vanox- £ Couinacrine -2HCL (Atabrin) By DMEY ELa2 Y495
D515
530
B AR — C1530
REH-414 Fluorescent Style Dy G DG FO515
B30 R 110
Ehexdanine G Cids R8RS Rix i)
ECa530
Rhodamine 123 [ DAL Fas15 R& 16
EL530
Fhinclimineg £30 O [IWAC E(515 R0
E{530
Rtk ey {200 0 A ECH515 Wil
E(M30
Ehsocnile Blue Sulphats [ A E¥515 RE1D
ECH30
Rrvanod pH 4.4 B [ahAE EY¥a55 0530
R-Phvcoerythrin O [t E1515 -
[SOERIH
Sermnnin L DLl i -
SITS L L) = —
Sulfaflaving L [l — -—
TRITE (Tetramethyl Rhodamsine G Al ECI515 —
Isetbinacyvamale L3530
fotracveline By [T - —
W [y Y475
Fewas B l=othiocyanate G WAL FEI5 30 .
Tetramaethyl Hexatriene u DL . .
Thiazine Red R Ca CRACE EY455 —
Thicdlavine 5 | Alkaine: B [HhAE EY455 -
i (RN i e
True Blue G (BN ECI515 —
ECY5300
sritc-Labebed Dextrans G DA EC3515 R
ECRR50

PACE 27 APPEN{I |



Price $8.00
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