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As an example, in an experiment with Thioflavine-T using a UG)/
lmn exeiter filter, yeast showed a violet fluorescence through RG1/Zmm
as secondary fllter; by comtrast taloum powder showed & green flusrsse
cence bui no visible or messurcble motion with RGL/2mn 83 secondary
filter. The differences in coloy repredustion ef the varieus substances
wore sirildng and it 1s probable that ons may be able to carry eut an
individual diagnostic diffarontiation of the various particle types
(bacilli) by means of an analysis of the fluorescence spectrum,

In regard to the differentiation of sizes and brightness, we
have thoroughly discussed the subjeot during the last visit but lacked
the exact mathematiocal background for an evaluvation., In the mesnwhile,
a3 15 shown in the second part of this report, we have carried out an
exact mathematical investigation with appropriate formulas and tables
leading to unequivocal results, and enabling us to estimats the order
of magnitude of the 1limits of tolerancs ¢f the procediun‘s. '

Very tiuly ysurs.
C AP GnbH
5 ' Ce Schuck
REPORT ON THE FLUORESCENGE EXPERTMENTS

The purpose of this test serles was to investigcte and/or cone
firm the possibility of discriminating batusen ergaris and inorganic

Wirw AL L B LAY

particles by means of different types of fluorescence phenomena. The
particles to be investigated, however, were not placed on & micro=

 -scople slide in a dry state as is dovié in commercial fluorescence prow

cedures but were led into our special chamber by means ¢f water, that
is, in a dissolved state, and-were thus evalusted Gontinuously.

Since the fluorescence of colorless organic particles is very
weak and hence non~registrable, the organis and indfganic solutions

under investigation were stained with fluoresdent dyes, In this cone

nection it was assured that dus to thelr diffeéfendses in molecular struce

' ture and surface properties the organic and inorvganio particles will
exhibit different kinds of fluorescence phenomens in pressnce of equal

amounts of fluwrescent dyes and otherwise under the same conditions,
This assumptlon was later confirmed in the experiments,

Yoast served as the organic substance and taloum powder as the
inorganic substance, Both substances were dissolved in water which had
been filtered several times. By observation of the appropriate sedlis
mentation time it was possible to obtain particles of 5 to 20 p maximal
size. Soth substances are commercially available in s relatively very
high purity without diffiomlty. It is, however, much more significant
that with taleum as the inorganic substance the result of the experimen
is always on the more favorable side since talcum, in contrast with -j
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yeest, hardly absorbs any light due to its bright white color, and
hence reflects very intensive light impulses of all wave lengths. On
the other hand when a yeast solutlon dlsplsys atronger light signsls,
these can only be interpreted as fluovescence.

The fellowlng {lucrsscent dyes were wsed in {ha test series:
Euchrysine, Bosin, Diamond Phesphine, Coriphosphlue~0, Thlezine Red,
Rivanol, Thioflavine-3, Thioflavine~T, Acridine Yellow and Acrlidlne
Orange. Thloflavine=3 and ~T, and Acrddine Yellew and ~Qrangs wers
found to be much more sultable than the rest of the fluorasscence media
(see data-sheet axtract). It was also found that the best results were
obtained with fluorochrome diluticns of 1/5,000 to 1/10,000,

In order to obitain gpulding values for the melection of filters,
the pure flnorochromas and the experimental zcluticns of organdc and
irorganic particles stained with fluorochromes were exposed, by means
of a rotatable glass prism, to morochromatic light of a wide variety
of wave lengths (see dataesheet extract A and B), :

In this manner we selected the filters BG12/1, UGL1/A and UGL/1
of Schott and Co. as excitation filters, and the filters RG1/2 and
GGL0/10 of the same firmm as secondary filters, o

In diagram 1 [see next page] the propertiss of the individual
filters are compared. The values of the degree of pure transmission 19, )
or the ratio of the light current at the end of the passage through the
filter to that at thg beginning, is plotted against the wave length A
(nm). The scale of 1~ was chosen fo that by vertical displacement of
& given filter curve it 1s possilble to obtain the characteristic curwe
of the same filter of higher or lower thlckness.

One should make sure that the secondary filter has no fluorese
cence of its own. For this reason the above~mentiomed filters were come
bined, in the beginning, in such a way that by placing the filters di-
rectly in front of each other a full absorption takes place, that 1is,
the human eye cannot rscord any light effects. On the other hand on
placing a fluorochrome between the|filters color phencmena could be ob=-

- gerved through the secondary fillter. While theoretically this experi-
mental arrangement appeared to be correct, in practice it was not
realizable in a fully satisfactory manner since all excitation filters
transmitted alse light of longer wave lengths, even 1f with a lower in-
tensity and hence invisibly (see Diagram 1), Hence a redwsensitive pho=
tomultiplier is not able to determine whether the light ls primary
light of longor wave lengths {over 700 mm) or fluorescent light.

This difficulty was solved by selecting a photomultiplier whose
sensitivity range extends to approximately 650 nm and thus o longey
responds to primary light of longer wave lengths. By a judlelous selec~
tion of secondary filter it is possible to attain an overlapping of the,
| sansitivity rangos of photomultiplier and secondary filier (see “J
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-
]'Wtagram 2). In this vay all impulses recorded by the photomulblpllerl
are fluorescent light impulses.

The most sultable fluorochrome was found to be Acridine Orange,
with which the difference in the intensities of the fluorescence
impulses of organic and inorganic particles was the clearest and
hence optimal, %e employed a UGLL/1l filter as primary filter and
GGLO/3 combined with RGl/1 as secondary filter. For light source
we used a l50-watt xenon high-pressure lamp. The size of the
particles varied between S5u and 204, ’

It is quite likely that through the addition of suitable
gubstances such as glycerol or sugar solution these fluorescence
phenomena can be considerably intensified. This, however, did not
appear to be necessary since even without it the impulse amplitudes
of the organic particles were over 200 percent above those of the
inorgenic partlcles. Hence, through this method & process is
indicated whereby one is able to differentlate between organic
and inorganic particles.

Prankfurt - Main, 7 May 1962
Ho/ma, )
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DATA=SHEEET - EXTRACT A

Fluorescence Phenomenon
Fluorochrome Dissolved Substance up to Wave Length (wm)

Acridine Yellow - ) 470
Yeast 470
Talcum L0
Acridine Orange - 510
Yeast o 430
Talcum ‘ . k3o

Thioflavine-5 = . : - § -
' ’ Yeast Loo
Talcum koo

Yeast , Loo -
Talcum ' - koo

" Thioflavine~T

Rivanol , - - 410
L , P Yeast Lob
. Taleun . e

Thiosine Red . _ . - -
' “o . Yeast " - “
Taleum - -

| Coriphosphine-0 = © - = S
. o , Yeagt - - , k30
' Talcun . - - h30.

Diamond Fhosphine S : - E - R A R
. ' : l Yeast : iiiral
ﬂ | - Talewm - L

Eosin . § e ., - . 520 ..
: i _ Yeast - .. . ~ -500
‘Talewn .. -~ hoo -

Eﬁchxjysine' L o o T 460 -

Yeast. - A 12T B
" Palcum - ’ - h6o
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