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ABSTRACT

A compound represented by:

4 3
R
|
6
NP

5
|

whereiln:

(a) at least one of the carbons of any of positions 4,_5,
6 or 7 is linked to a chemical moilety contalning an anion group
which is attached to the benzene ring;

(b) the carbon at position 2 1is linked to a chemical moiety,
X, comprised of at least 2 atoms;

(c) a nitrogen atom is located at position 3;

(d) a sulfur atom is located at position 1l; and

(e) a chemical moiety attached to said anion group of
subpart (a) which inhibits fluorescence;
wherein upon remcoval of said chemical mciety of subpart (e), the

resulting compound is flucrescent. These compounds are useful in

fluorescent substrates and in biological assays.
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DESCRIPTION

~Use of Fluorescent Benzothiazole Derivatives

This application is a divisional application from
application No. 605,044 filed on July 7th, 1989.

1. Field Of The Invention

This invention relates to the field of fluorescent
substrates, and also relates to the field of biolcgical
assays.

2. ac ound

Measurement of the conditions or the presence of

substances 1n an environment by detection of the rate of

hydrolysils of an agent is well known. Specifically, the

use of fluorescent substrates for such measurements i‘s
known, although such use is typically not practicable for

measurements of very low levels of hydreolyzing agents,
such as enzymes. Generally, by removal of a chemical
molety, the fluorescence of the compound increases. The

prior compounds have been unsuitable, however, for

measurement of low 1levels of enzyme in an agueous
environment.

A. nzyme Measurement

Generally, the measurement of alkaline phosphatase

(AP) has been used 1n diagnosis of various diseases
because of 1ts ubiquitous presence in the cell membranes
of tissues in the body. Fernley, N.H., Mammilian Alkaline
Phosphatases, in: Boyer, P.D. (ed.), The Enzymes, Vol. 1V,
Academic Press, New York 1971, pp. 417-447. Various
esterases are also measured for clinical diagnoses of
disease. Bergmeyer, H.U., Methods of Enzymatic Analysis,

Jd.ed., Vol. IV, 1-143, Verlag Chemie, 1984. With recent

advances 1n bioclogical techniques, these enzymes could be

1
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used as markers in combinaticn with biological probes for
the detection of complementary biolegical molecules.
Thus, the activity of the enzyme indirectly measures the
quantity of the biolcgical substance complementary. to the
probe. While various esterases may be used, alkaline
phosphatase measurement provides a convenient assay for
the detection and measurement of complementary biclogical
molecules. Bergmeyer, supra, at Vols, 10-11. _

Previously, the level of AP has been monitored using
UV visible spectrophotometry, radicimmunoassay (RIA), and
fluorescent substrates. |

UV compounds have been tried for assays of AP, for
example thymolphthalein monophosphate, Coleman, C.M.,
Clin. Chim. Acta, 13:401 (1966), phenolphthalein monoprhos-
phate, Wilkerson, J.H. and Vodden, A.V., Clin. Chemn.,
12:701 (1966) and para-nitro-phenylphosphate, Neuman, Hl
and Van Vrudendaal, M., Clin. Chim. Acta, 17:183 (1967).
These compounds are approximately a thousand times less
sensitive than efficient fluorescent compounds necessary
to determine 10 attomole/mL (10 x 1078 moles/mL) of AP.

There has been a variety of fluorescent substrates
described 1n literature which have been used in assaying
AP. None of these substrates have been entirely satisfac-
tory for a variety of reasons.

7-Hydroxycoumarin phosphate, Glazer, R. and Haynes,
M., Anal. Letters, 1(5):333-45 (1968) and Sherman, William
R. and Robine, Eli, Anal. Chem, 40/4:803-51 (1968),
requires a high substrate level of 10mM to saturate the
enzyme. Its Stokes' shift 1is 78nm (excitation of 376nm
and emission of 454nm) and the Raman fluorescence of
422nm. Since the Raman 1is close to the fluorescence
maximum it can masX the signal being generated at 454 nm.
Thus, these factors would have adverse effects on the
ability of the substrate to measure very low levels of AP
rapidly.

2-Benzoxazolyl-7-hydroxycoumarinphosphate, Wolfbeis,
Otto S. and Koller, Ernst, Mikrochemica Acta, 389-95
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(1985) has a low Stokes' shift of 44nm (excitation of
427nm with an emission of 471lnm). A second negative
assoclated with this substrate is its low aqueous solution
stability in tris pH 9.5 even at -15°C.

2-Phenyl-7-hydroxycoumarin phosphate, Otto S. and
Koller, Ernst, Mikrochemica Acta, 389-95 (1985) has a
higher Stokes' shift of 88nm (excitation of 383nm with an
emission of 471nm), however it has poor aqueous solution
stability, as noted for the previous compound.

Flucresceln phosphate has a Stokes' shift of 25nm
(excitation of 490nm and emission of 515nm). This small
Stokes' shift makes it completely unsuitable for the
determination of AP at low levels. See, Tiffany, T.O.:
Watsky, M.B.; Burtis, C.a. and Thacker, L.H., Clin. Chem.,
19/8:871-82 (1973).

3-Hydroxy-2-naphthanilide-6-bromo, 3-hydroxy—2;
naphthyl-o-anlsidine phosphate, Guilbault, G.G., Newer
Fluorometric Methods for the Analysis of Biologically
Important Compounds, In: Fluorescence Techniques in Cell
Biology, Thaer, A.A. and Sernetz, M., ed., Springer-
Verlag, N.Y., Heidelberg, Berlin, 235-42 (1983); Vaughn,
A.; Guilbault, G. and Hackney, D., Anal. Chem., 43/6:721-
4 (1971) and Guilbault, G.G., J. Res. NBA, 76A/6:607-12
(1972), has a Stokes' shift of 110nm (excitation of 405nm
and emission of 515nm). However, the 1971 reference noted
that there 1s a residual fluorescence at 515nm due to the
remalning phosphorylated substrate which would reduce the
ultimate sensitivity of the substrate. Also, this sub-
strate has only been used in a scolid surface assay in
intact cells for microscopic visualization of the presence
of AP. Because of the structure of this substrate it is
likely that the hydrolyzed product would be inscluble
under the basic aqueous conditions of assays of biological
material. This would 1limit the usefulness of the
substrate.

2-Hydroxy-3-naphthoic anilide phosphate, Tsou, K.C.
and Matsukawa, Sadaoc, J. Med. Chem., 11/15:1097-9 (1968)

'l ol s ot ARGt D VN G R 1 e n o K g R et a2 aian..t
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has a Stokes' shift of 220nm (excitation of 300nm and
emission of 520nm). However this substrate has only been
used 1in a histochemical assay system. - The hydreclyzed
product, 2-hydroxy-3-naphthoic acid anilide, has a low
solubility which could complicate its use in a kinetic or
end polnt assay. Also, 1ts background fluorescence is
reported to be relatively -high, at 520nm lndicating- its
ultimate sensitivity might be low due to the high back-
ground reading.

3-0-Methylfluorescein phosphate (3-0-MFP), Hill,
Hoyle D., Summer, George K., and Waters, Michael D., Anal.
Biochem., 24:9-17 (1968); Wolfbels, Otto S. and Koller,
Ernst, Mikrochemica Acta, 389-95 (1985); Hashimoto,
Shinya, Kobayashi, Kensei; Fujiwara, Kitao, Harabuchi,
Hiroki and Fuwa, Keiichiro, Bunseki Kagaku, 32:E177-E184
(183) and Norgaard, Aage, Kjeldsen, Keld, Lars=2n, Jim
Stenfatt; Larsen, Christian Gronhoj and Larsen, Frederik
Gronhoj, Scand. Clin. Lab. Invest., 45/2:139-44 (1985) has
a Stokes' shift of 15nm. Hashimoto, et al., have also
noted problems of hydrolysis of the phosphate under
aqueous conditions suitable for the assay of AP.

Riboflavin-5-phosphate, Glazer, R. and Haynes, M.,
Anal. Letters, 1(5):333-45 (1968) and Takeuchi, T. and
Nogami, S., Acta Pathol. Japan, 4, 277 (1954) has been
used 1n tissue AP assays, only. The ultimate sensitivity
of the assay has not been reported.

Flavone disphosphate has an emission wavelength of
510nm. Glazer, R. and Haynes, M. Anal. Letters, 1(5):33-
45 (1968) and Land, D.B. and Jackim, E. Anal. Biochemn.,
16:481 (1966). The exciltation wavelength was not
reported. The authors reported that it was a more stable
substrate than 3-0-MFP and a more sensitive fluorescence
indicator than beta-naphthol phosphate. This substance
requires the removal of two phosphate groups before the
initiation of fluorescence can be observed. This would
cause severe problems for a kinetic assay in which only a

fraction of the starting substrate is converted to mono-
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phosphate which is not fluorescent. Then the monophos-
phate would have to be converted to the 3-hydroxy~flavone
before the fluorescence emission could be observed.

4-methyl umbelliferyl phosphate (4-MUP), Wolfbeis,
Otto S. and Koller, Ernst, Microchemical Acta, 389-95
(1985) ; Cornish, Coralie J., Neale, Francis C. and Posen,
Solomon, Amer. J. Clin. Pathol., 23/1:68-76 (1970) and
Sherman, William R. and Robine, Eli, Anal. Chem.,
£40/4:803-5 (1978), has a Stokes' shift of 82nm with an
excitation at 367nm. Emission is 449nm. The first order
Raman 1s 416énm which 1is 1/120 that of 4-methyl-
umbelliferone (4-MU). The emission contributes to a high
background fluorescence. Cornish et al. report that 4-MUP
has an emission at 465nm, which is 1/120 that of 4-methyl-
umbelliferone (4-MU). It was also noted by these authors
that the 4-MUP breaks down in basic tris buffer: They
were able to decrease this hydrolysis problem by preparing
the 4-MUP in a bicarbonate/carbonate buffer. Hashimoto,
Shinya, Kobayashi, Kensel, Fujiwara, Kitao, Harabuchi,
Hiroki and Fuwa, Keiliichiro, Bunseki Kagaku, 32:E177-E184
(1983) reported that their survey of the literature showed
that 4-MUP "seems the most promising substrate for further
investigation on the dissolved enzymes (AP) 1n natural
waters. Using this substrate with 48 hours lncubation,
the lowest limit of the determination of AD activity was
1 x 107'¢ moles 17 min’'. On the other hand, that of
conventional spectrophotometric method using p-NPP was 0.4
x 107 moles 17! min’'."

DeLuca, Marlene and McElroy, W.D., Meth. Anal. Chemn.,
40/4:803-5 (1968) report that L-(+)-luciferin (LH) in an
agueous pH 9.0 solution is a highly fluorescent compound
with an excitation level of 385nm, and with emissicn at
approximately 540nm. In an aqueous solution the quantum
yield is 0.62. LH 1s an unstable compound in basic
agueous solutions.

2-carbamyl-é6-methoxybenzothiazole, an intermediate in

the synthesis of LH, is reported in Methods of Enzymology,

5
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Vol. 57, p. 19. There was no fluorescence reported for
this material and this was verified in our experiments.

B. Environmental Condition Measurement.
Because environmental factors are Xknown to cause
> hydrolysis of phosphate groups, monitoring of the rate of
hydrolysis may indirectly monitor various environmental
conditions. For example, extremes in temperature or pH,
Oor metals may act as hydrolyzing forces. Accordingly, it
l1s of value to have a fluorescent compound which is
10 1nhibited by attachment of a chemical molety and which,
upon cleavage of the chemical moiety by hydrolyzing

forces, exhibits restored fluorescence.

The use o©of colorimetric tests for the presence of
oxXygen 1s known in the art, e.g., colorimetric tests for
15 anaerobic environments. Fluorescent compounds may’alsojbé
used for the measurement of oxXxygen level. Generally,
where fluorescent compounds possess characteristic "long
lifetime", the compound is capable of being quenched by
the presence of oxygen. This occurs as electrons in the
20 flucorescent compound drop down to a lower energy level as
they emit light energy. If the time period in which the
electrons drop is sufficient, some of the energy given off
by the falling electron is harnessed by oxygen molecules.
The minimum "lifetime" for the falling electron is approx-
25 imately 107" seconds, but a longer lifetime provides for
4@ more sensitive oxygen measurement. Accordingly, it is

of wvalue to have a fluorescent compound with "long
lifetime" in order to measure oxidation.

C. Direct Detection, Assaving or Monitoring of
30 Biological Molecules.

Labels for biological ligands are well known 1n the
art, and these include radioactive substances, colori-
metric indicators and fluorescent compounds. Typically,

these substances are either lncorporated into the bilologi-

35 cal ligand, as in the use of radiocactive nucleotides, or

6
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are chemilcally attached to the ligand, as in the use of

glutaraldehyde or various chemical "extension arms" which

are used to attach fluorescent labels to antibodies.
Accordingly, the invention of the parent application

and this application provide the following advantages:
1. Fluorescent compounds which maintain stability in an

‘agueous environment:

2. Fluorescent compounds which are easlly detectable
above background interference:.

3. Fluorescent compounds, which, upon attachment of 3
chemical moiety, severely decrease in fluorescence
but, upon removal of said chemical molety, are
strongly fluorescent;

4. Fluorescent compounds which exhibit a Stokes' shift
sufficient for use as an assay indication or other
marker:;

5. Fluorescent compounds which provide means for detec-
tion of at least about 10 attomolar (3.0"‘8 molar)
concentrations of alkaline phosphatase;

6. Fluorescent compounds which possess "long lifetime"™
and provide means of detecting oxidizing agents;

7. Fluorescent compounds which maintain fluorescence
characteristics in a variety of solvents:

8. Non-fluorescent phosphate compounds which are stable
in water which can form fluorescent compounds upon
hydrolysis;

9. A class of fluorescent compounds of which some
members can be excited with visible light.

Summary Of The Invention

This invention relates to the use of derivatives of
benzothiazole (BT) as fluorescent substrates. Highly
fluorescent derivatives of BT can be converted to non-
fluorescent derivatives by the attachment of a chemical
molety to the BT derivative. When the chemical molety is
Cleaved or otherwise dissociated from the non-fluorescent

derivative, the fluorescence is restored.
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Previously, no simple benzothiazole derivatives were

shown to be fluorescent. Athough a few fluorescent benzo-

actual fluorescence characteristic was neither repcrted
nor known. 2-carbamyl-6-methoxybenzothiazole had previ-
ously been reported to be a non-fluorescent derivative of
luciferin, see supra, and this has been confirmed in our
hands. Both 2-‘cyano-6~hydroxybenzothiazcsle (CBT), Deluca,
M.A. and McElroy, W.D., Methods of Enzymology, 57:15-24
(Academic Press), and 2~carbamoyl~6-hydroxybenzothiazole,
Faure, R. et al., Org. Magn. Reson. 11:617-27 (1978), are
reported in the literature, but neither the flucrescence
of such compcounds, nor the inhibition of fluorescence of
such compcocunds by an attached chemical melety, is
reported. There was no indication that benzothiazole
derivatives may be fluorescent, under what conditions such
fluorescence 1is exhibited and under what conditions
fluorescence is inhibited. Thus, the fluorescent proper-
ties of CBT, as well as ABT and other BT derivatives are
unexpected 1n view of the reports of these compounds prior

to the present invention.

This invention also relates to the use of the fluor-

molety. These compounds can be used to directly assay
biclogical molecules, as, for example, by 1labelling
biological molecules.

Derivatives of BT can also be used to measure oxygen
levels. As the oxygen appropriates the energy emitted by
the excited electrons dropping to lower energy states in
the fluorescent derivatives of BT, the fluorescence of
fluorescent derivatives of BT molecule decreases. Thus
the decrease in the fluorescence indicates the amount of
oXygen present 1in the assay systen.

Another aspect of the present invention is the
ability of the flucrescent derivatives of BT to maintain

fluorescence in organic solvents. Thus, use in both water



10

15

20

25

30

35

1341279

and organic solvents for the detection and measurement of
conditions and substances in an environment, is possible.
The class of fluorescent compounds described herein

1s comprised of those compounds represented by the dia-

gram:
NN\
“ l N
‘~./\./
7 1
wherein:

a) At least one of the carbons of positions 4, 5,
6 or 7 1s linked to a chenmical molety containing
an anilon group which 1s attached to the benzene
ring; and;

b) The carbon at peosition 2 is linked to a chemical
molety comprised of at least two atoms which
extend resonance of the benzothiazole ring
system; and, |

C) A nitrogen atom is located at position 3: and

d) A sulfur atom is located at position 1.

An anion group in resonance with the benzene ring,
for example, an ionizable hydrogen, is necessary for the
addition of a chemical moiety suitable for inhibition of
fluorescence. The dual-atom chemical molety lirked to the
Z-carbon 1s a necessary extension of the resonance system
for fluorescence. It has been herein discovered that with
increasing length and conjugation of the chemical moiety
linked to the 2-carbon, the wavelength of light emitted
from the compound and the excitation wavelength is also
increased. Thus, by increasing the number of atoms 1n the
chemical'moiety'attached‘matﬁma2~carbon, the fluorescence
willl appear deeper in hue.

Herein, the following terminology is used as defined
below:

ABT: 2-carbamoyl-6-~hydroxybenzothiazole

e el——

BBT: 2'-(2-benzothiazolyl)*6'-hydroxybenzothiazole

A e B e,

9
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Ravleigh-Scatter: interference due to light emitted
as a result of electron vibration due to excitation by

photon energqgy.

Raman: appears in fluorescence spectra at higher ang
lower wavelengths than the Rayleligh-scatter peak. These
Raman bands are satellites of the Rayleigh-scatter peak
with a constant frequency difference from the exclting
radlation. These bands are due to vibrational energy
being added to, or subtracted from, this excltation
photon.

Fluorescence efficiency: the amount of light emitted
aS a proportion of that used to excite.

Excitation wavelength: the wavelength of light used
to generate fluorescence emission, measured in arbitrary
units.

Emission wavelength: the wavelength of light emitted
by a fluorescent molecule after excitation.

Km: the substrate concentration at which the velo-
city of the enzymatic reaction is half maximal.

Turnover number: the number of substrate molecules

Substrate: the molecule on which the enzyme exerts
a catalytic action.

structures is to be weighted in Some way that accords with
the degree of bonding each would have if 1t represented an

actual molecule with the specified geometry.

10
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Brief Description Of The Drawings

Figure A represents the structure of CBT, ABT and
BBT.

Filgure B represents the structure of CBTP, ABTP and

5 BBTP.
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Figure C is a diagram 1llustrating one way 1n which
BBTP 1s used to measure alkaline phosphatase (AP).

Figure D shows one way in which BBTP 1s used to
measure material complementary to an antibody upon which
alkaline phosphatase (AP) is attached. The antibody /AP
complex is bound to a complimentary'moleculeg._The AP acts

to cleave the;phosphate:moiety'from;phosphorylated.BBT and
thereby restore fluorescence. The measurement of the

fluorescence thus indicates the presence and quantity of
the complementary molecule.

Figure E is a graph showlng the sensitivity of BRTP
to AP. BBTP is shown to measure 0.3 attcomoles of AP in a
volume of 3.0mls. - With a suitable instrument the cell
volume could be reduced to 10 or 100 microliters, result-

ing in a projected sensitivity of 0.001 or 0.01 attomoles

respectively. Note that a sensitivity of 0.001 attomoles

Figure F is a graph showing the rate of hydrolysis of
BBTP at 35°C and the corresponding increase in the back-

ground fluorescence. Also, the rate of reaction of l10aM,
100aM and 1000aM solutions of AP with BBETP are given.

Figure G is a graph of the packground fluorescence of
BBTP versus time in an aqueous solution at 4°cC and 35°C.

Figqure H is a graph of the background fluorescence of
ABTP versus time in an aqueous solution at 4°C and 35°C.

Figure I is a graph of the rate of enzymatlc reaction
of BBTP versus time at 4°C.

Figure J is a graph of the rate of enzymatic reaction
of ABTP with AP versus time at 4°C.

Figure K is a graph showing the fluorescence of ART
versus concentration.

11
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Figure I is a graph showing the fluorescence of BRT
versus concentration.

Detalled Description
The following description provides details of the

manner 1n which the embodiments of the present invention
may be made and used in order to detect and measure very
low levels of enzyme or other hydrOIyzing agents using a
fluorescent substrate. This description, while exemplary
of the present invention, is not to be construed as
specifically 1limiting the invention. Such variations
which would be within the purview of one skilled in this
art are to be considered to fall within the scope of this
invention.

Specifically, the compounds 2—-cyano-6-hydroxyben-
zothiazole (CBT), 2-carbamoyl-6-hydroxybenzothiazcle
(ABT) , 2'—-(2-benzothilazolyl)-6'-hydroxybenzothiazole
(BBT), are fluorescent in a basic aqueocus solution from
445nm=580nm (ABT and CBT), and 460nm-660nm (BBT) with the
maximum for the emission occurring at 510nm, 518nm and
561lnm respectively. The excitation occurs over a range
from 320nm-430nm (CBT), 325-+40nm (ABT), and 330nm-480nm
(BBT) with the maximum occurring at 38lnm, 381lnm, and
419nm respectlvely. See Figure A for the structures of
these compounds, and Table 1 for a summary of the above
data.

A chemical moiety may be added to the fluorescent
derivatives of  Thydroxybenzothiazole which severely
inhibits the fluorescent capabilities of the molecule.
When the attachment of the chemical moiety provides a
suitable substrate for an enzyme, the molety is cleaved
from the non-fluorescent derivative of hydroxybenzothia-
zole molecule, and the fluorescence is restored. In this
way, for example, CBT, ABT and BBT, can be used as a
fluorescent marker for the detection of enzymatic
activity. A phosphate moiety, for example, may be added
to BBT to produce the non-fluorescent derivative 2'(2-

12
78223-1D
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benzothiazole)~6~hydroxybenzothiazole;phosphate (BBTP), a
sultable substrate for alkaline phosphatase. Upon cleav-
age of the phosphate moiety by -alkaline phosphatase (AP) ,
the fluorescence provides, therefore, measurement of the
eénzyme activity. The enzymatic reaction of AP with BRBTP
is shown in Figure C. The molecular structure of phos-
phate derivatives prepared are shown in Figure B.

Other chemical moieties may be attached to BBT.
Examples 1include chemical moietjies providing for a
sufficient substrate for choline esterase, cholesterol
esterase, lipases, and any moiety which is capable of
being cleaved from the non-fluorescent derivative of

hydroxybenzothiazole DY an enzyme. Moieties capable of

attached for purposes of assaying these hydrolyzing

forces.
In addition, CBT, ABT, and BRBT may be used indirectly
or directly for an assay of biological molecules. The

enzyme may be bonded to biological ligands, such as mono-
clonal or polyclonal antibodies or fragments thereof,
nucleic acid probes or other blological compositions cap-
able of detecting a complementary molecule. In this way,
the enzyme/ligand first binds to a complementary biologi-
cal molecule, and, with the addition of a substrate
comprised of CBT, ABT or BBT with a sultabls chemical
moliety under suitable conditions, the enzyme cleaves the
chemical moiety and the CBT, ABT or BBT exhibit strong
fluorescence. Detection or measurement of this fluores-
cénce enables the detection and measurement of the biolog-
1cal material complementary to the probe. Note that such

urine, blood, or tissue sample. An example of using' a
phosphorylated CBT composition and alkaline phosphatase is
shown in Figure D. Direct measurement of bioclogical mole-
cules can be accomplished by attaching ABT, BBT or CBT to
a biological ligand via methods known to those skilled in

the art, and detecting the fluorescent signal.

13
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Another aspect of the present invention is the use of

CBT, ABT or BBT to measure free radicals, such as oxygen

concentration, particularly in blood. Because free

radicals such as oxygen can appropriate the energy emitted

5 during fluorescence, decreasing fluorescence of deriva-

tives may be correlated to oxygen content. Thus, measure-

ment of fluorescence can be used to detect oxygen
concentration.

It should be noted that because CBT, ABT and BBT

10 maintain fluorescence characteristics in different

solvents, the compound may be used to perform such

measurements 1n different solvents. See, Table 3.

Description Of The Preferred Embodiments

1. Equipment Used )
15 The UV/VIS 1instrument was a Beckman model number 25.

The NMR instrument was a Varian model EM360A 60mHz proton
unit or on General Electric GN-500 S00 Mg hertz unit. The
NMR shifts are reported using tetramethylsilane as the
internal standard. One fluorometer was a Spsex II
20 Fluorolcg model 112 with a single monochromator for
excitation and a double monochromator for emission. It
was run using front face fluorescence. The second fluor-
ometer was a Turner model 111 with filters purchased from
Turner. The melting points are uncorrected and were
25 determined on Thomas Hoover capillary melting point
instrument. The HPLC instrument was a Waters dual punmp
(model M-6000) unit equipped with a sclvent programmer
(model 660) and a UV/VIS fixed wavelength detector (model
440) . The column used was a 3.9 X 25mm Waters reverse
30 phase C-18 10 micron irregular silica gel. Solution A
used for the HPLC analysis was prepared using 3000mLs of
HPLC grade water and 750 mLs of HPLC grade methanol with
5.52g of monoscdium phosphate monohydrate. Unless other-
wise specified the flow used for the HPLC analysis was
35 1.0mL per minute. The reactor vials used were 1mL to 10mL

size made of pyrex glass which had a silicone septum with

14

L L T AN |



10

15

20

25

30

35

1341279

teflon face on the reagent side and an internal teflon
magnetic stirring bar. The pH was determined using a
Fisher Accumet digital model 520. Before any equipment
was used which came 1n contact with the substrate solu-
tions it was soaked in 1N hydrochloric acid for three
hours and then rinsed thoroughly with freshly distilled
deionized water. This usually ensured that the ambient AP
present was destroyed. Each 1ndividual 1lot of bovine
serum albumin used from Sigma was evaluated for level of

AP present.

2. Reagents Used
The reagents and solvents used, unless otherwise

specified, were ACS reagent grade. The DEA used was
vacuum distilled in glass before use. The tetrahydrofuran
(THF) used was dried over calcium hydride and distilled
lmmediately before use. The water used was freshly deion-
ized (2megachm) and distilled. The AMPD was supplied by
JBL Scilentific catalog number 1250A. Triethylamine,
benzothiazole and 2-amino-thiophencl were obtained from
Aldrich. Trimethyl bromcsilane was obtained from Petrarch
Systems. The 2-chloro-6- hydroxybenzothiazole, 2-amino-
6-hydroxybenzothiazole and 2-cyano-6-methoxybenzothiazole
were kindly provided by professor Neil Baggett, Department
of Clinical Chemistry of the University of Birmingham,
Birmingham, United Kingdom. These compounds were prepared
using the procedures described by Bowie, L.J. (1978)
Methods 1n Enzymology (Deluca, M.A., ed.), Vol. 57,
pp. 15-28, Academlc Press, N.Y.

3. Fluorescence Properties

a. Fluorescence Properties of CBT, ABT and BBT
The fluorescence properties of CBT, ABT, and BBT

benzothiazole (BT) , 2—-chloro-6-hydroxybenzothiazole
(C1-BT) ,2-amino-6-hydroxybenzothiazole (Amino-BT), and
2—-cyano-6-methoxybenzothiazole (CN-Methoxy-BT) were

measured 1n aqueous pH 10.2 solution with 0.1M 2-amino-2-
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methyl-1,3-propanediol (AMPD). The approximate fluores-
cence efficlency was determined by dissclving the appro-
priate compound 1n a suitable solvent (methanol or
ethanol) giving 10mg per 10mLs of solvent. Then 100
microliters of this solution was added to 9.9 mL buffer
containing 0.1M 2-amino-2-methyl=-1,3-propanediol (AMPD) pH
10.0. A hand held fluorescence source (254nm) was used to
exclte the solution in a quartz cell and visual observa-
tions were recorded. If this solution was fluorescent it
was diluted 1/10 and the measurement repeated. It was
found that BT, Cl-BT,Amino-BT and CN-Methoxy-BT are all at
least three orders of magnitude lower in theilr fluorescent
efficiency than CBT, ABT, and BBT. Thus it appears that
when the benzothiazole molety contains an ionizable group
in the benzene ring, and a group in the two position which
extends the conjugation, fluorescence capabilities can be
dramatically increased.

The fluorescence properties cof CBT, ABT and BBT were
measured and compared to those of 4-methyl-umbelliferone
(4-MU). This 1information 1s presented in Table 1. See,
Wolfbels, Otto S. and Koller, Ernst, Mikrochemica Acta,
389-95. First the molar absorptivity (Emax) of CBT, ABT,
and BBT was 15,500, (aqueocus 0.10M AMPD pH 10.2) 13,300,
(aqueous 0.392M sodium carbonate pH 11.0) and 33,000
(aqueous 0.1M DEA pH 10.0). These molar absorptivities
were measured at 378nm, 368nm, and 415nm respectively.
Secondly, the excitaticon maximum were found to be 381nm
for both CBT and ABT with BBT having its excitation maxi-
mum at 419nm. The emission maximum was found at 510nm,
518nm, and 56é6lnm for CBT,ABT, and BBT respectively. The
Stokes' shifts were 129nm, 137nm, and 142nm respectively.
These data were collected using Spsex II front face fluor-
escence 1n 0.10M AMPD, pH 10.0. The Raman for water was
found at 433nm for CBT. Thus the Raman for water will not
interfere with the assay. These data clearly show that

these ccompounds had the desirable Stokes' shift and the
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water Raman was well removed from the fluorescence
emission.
The next factor to be determined was the fluorescence
efficiency. Typlcally, a flucrescence efficiéncy' of
> approximately 1% is considered practicable, and 4-MU has
characteristic 20-40% efficiency. A comparison was made
between CBT and 4-MU. Each compound was excited at its
exclitation maximum. Using front face fluorescence it was
found that 4-MU gave 6.86 counts/femtomole and the CBT
10 under identical conditions, gave 2.85 counts/fm. Thus the
CBT was very close to the fluorescence efficiency of 4-MU.
See Figures K and L for the fluorescence sensitivity of
ABT and BRT. Fluorescence data were collected using a

Turner model 111. The curves are linear at both 1x and 3%
15 ranges over 10 to 100 nanomolar.

b. Fluorescence Properties of CBTP

CBT was phosphorylated to form CBTP 2-cyano-6-
hydroxybenzothiazcle phosphate (CBTP). The structure 1S
shown at Fiqure B. Unexpectedly, CBTP exhibited very low

20 levels of fluorescence, indicating that the phosphate
molety severely inhibits fluorescence of CBRT.

The fluorescence data for CBTP was determined as
follows. One mg of CBTP was dissolved in 2.0 mL of
buffer: 0.10M AMPD, 0.10m NaCl, 1.0mM MgCl2, 0.10mM znclz,

2> PpPH 10.2. This stock solution was diluted 10 microliters to
500 microliters in buffer. The settings were 700 volts on
the high voltage side. The excitation maximum was 377nm
with maximum fluorescerce of >3,000cps at 504nm. A small
quantity of AP was added to hydrolyze the CBTP to form
30 CBT. After this was completed, the readings at 501lnm were
off-scale. By reducing the high voltage to 500 volts, the
excitation maximum was 378nm, with a maximum fluorescence
of 808,000cps at 501lnm. This reduction from 700 to 500
volts on the high voltage power supply reduces the sensi-

35 t1ivity by approximately an order of magnitude. Thus, the
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to 400nm. The small fluorescence Seen was probably due to
low levels of CBT present as a contaminant in the CRBTP.
See, Table 2.

Moreover, CBTP displays no measurable emission at
> 505nm, which was the emission wavelength for the expected

hydrolyzed product, CBT. This confirms the low interfer-
ence in the AP assay due to the emission of CBTP.

The next critical factors to be determined for CBTP

10 This determines how quickly and efficiently AP cleaves the
phosphate moiety from CBT. The CBTP-di(AMPD) salt was
compared directly to para-nitrophenylphosphate, di-tris
salt (pNPP,di~tris) and 4-methyl umbelliferyl phosphate,
di-(AMPD) salt. The UV/VIS assay was run in 0. 1M AMPD, pH

15 10.2, 30°C using 375nm for CRT (15,500 Emax) and 405nm far
PNPP-di-tris (18,000 Emax) and 363nm for 4-MU. The enzyme
used was calf intestine AP, (Calzyme), 30,000u/mL, diluted
1/20,000 in AMPD buffer. The reference side contained 500
microliters of buffer as described. For example, the

<0 sample side contained 465 microliters of buffer, 25 micro-
liters of substrate solution (stock solution being 20mM
substrate in AMPD buffer) and 10 microliters of the
1/20,000 diluted AP enzyme. It was found that CBTP had a
turnover number which was 78% of the PNPP and 95% of the

2> 4-MUP under identical conditions. Thus, CBTP has a high
turnover number with AP. The maximum rate of CBTP turn-
over with AP under these conditions was at 2mM. It was
also found that ABTP and BBTP had a Ko of a;;proximately
2mM under similar conditions. As within the skill of the

30 art, these compounds may be used with a broad range of Ap
concentrations, which are typically practicable between
about 0.05mM and about 20mM.

One key factor which limits the ultimate sensitivity
of the fluorescence measurements in which an enzyme reacts

35 with a substrate to form a fluorescent compound results
from the interference from packground fluorescence. This

background is due to four factors: Raman flucrescence of
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the water, the Rayleigh scattering, tail fluorescence

emission from the starting substrate, and fluorescence

emlssion from free hydrolyzed substrate present in the

substrate. To determine if the background fluorescence
from contaminating hydrolyzed substrate was a problem,
HPLC scans were run on both 4-MUP and CBTP to accurately
determine the level of hydrolyzed substrate present in
each. The CBTP had 0.08% CBT, and the 4-MUP contained
0.07% 4-MU (by weight). Since the levels of free hydro-
lyzed substrate were comparable and the fluorescence
sensitivity was within a factor of 2.4 for 4-MU and CBT,
as seen above, then any fluorescent packground measured
would be due to a combination of the first three factors
described above. Using front face fluorescence, a 1mM
solution of 4-MUP gave an initial packground reading of
297,640 cps (excitation, 366nm: emission 444nm) . Using
1mM CBTP (excitation, 391nm: emlssion, 505nm), the back-
ground reading was 42,518 counts/min. These readlngs were
taken 1in 0.10M AMP, 0.1M NacCl, pHd 10.2. Thus, it can be
seen that the 4-MUP has a slgnificantly higher background
than the CBTP.

Next, the fluorescence of CBT was evaluated in
different solvents in the presence or absence of base,
Cyclohexylamine (CA). These data are shown in Table 3.

The experiment was run by dissolving 5mg CBT in 10mL
of dimethylsulfoxide. This solution (10 microliters) was
added to 9.99 mLs of the appropriate solvent (Solution 1).
This solution was transferred to a quartz UV cell and
excited with a 254nm hand held light source. The fluores-
ceénce was recorded after visual observations. Ten micro-
liters of cyclohexylamine (CA) was added to solution #1
and the fluorescence recorded as above (Solution 2).
Lastly, 100 microliters of CA was added to Solution 2 and
the fluorescence recorded. Different solvents can thus be
used and the characteristic green fluorescence will be
observed that is seen when CBT is in an aqueous buffered

basic solution.
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A pH study of‘fluorescence was performed 1n agueous
solution with 0.10M sodium phosphate, pH 8.85 and 0.10M
HCl. This study was carried out in an analogous manner to
the process described above. The solutions displayed the
characteristic bright green fluorescence until the pH was
below 3. Between a pH of 3 and 1, an exXxtremely acidic
environment, the CBT solution leost its fluorescence. Thus
1t is clear that CBT maintains its fluorescence over a
wide pH range.

It was found that CBTP will convert to ABTP in an
agqueous baslc environment. Thls conversion results in
non-linear kinetics when CBTP is reacted with AP. Thus
unless the reactions are carried out rapidly at 4°C the
CBTP converts to ABRTP.

cC. Fluorescence Properties of BBTP

The sensitivity of BBTP for detecting AP was next
determined. See Figure E. The enzyme diluting buffer
contained 0.10M diethanolamine, 1.0mM magnesium chloride,
0.1mM zinc chloride, 0.005% sodium azide at PH 9.0. The
enzyme used was Calzyme, #27-5-24, 30,000 units/mg, con-
taining 0.15mM alkaline phosphate. Serial dilutions were
performed to vield a 300 fMi(lO“wM)(Solution E) and a 30
fm (Solution F) dilution.

The substrate solution buffer contained 2.4M DEA, pH
9.0, 0.23mM magnesium chloride, 0.005% sodium azide and
1.0mM substrate. One through 10 microliters of either
Solution E or F was added into 3.0mLs of the substrate
solution which was already equilibrated in the Turner
Model 111 to a temperature of 35°C. The slope was mea-
sured using a strip chart recorder. The filters used for
4-MUP, CBTP and ABTP were the 760 on the excitation side
and a 2A and 47B on the emission side. For BRBTP the excl-
tation filter was a 47B and the emission filter was a 16.
These slopes were plotted against the concentration of the
AP. Filgure E shows that using BBTP one can measure a 100

aM solution of AP in 30 minutes or a 10 aM solution 1n six

20
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hours. This system used as 3.0mL reagent volume, however,
1f the reagent volume is reduced to 100 microliters then
6,000 coplies or 0.01 attomoles of AP can be measured in 30

minutes or 600 copies or 0.001 attcmoles in six hoﬁrs.

5 d. Stability of BRBTP and ABTP
The solution stability of BBTP in an aqueous solution

of 2.4mM DEA, pH 9.0, 0.23mM magnesium chloride and 0.005%
sodium azide was determined at 35°C. The results are
given 1in Figure F, also shows the sensitivity cof BBTP to

10 10aM, 100aM and 1000aM AP. The data for the background
fluorescence show BBTP to be a very stable substrate even
1n basic aqueous environment containing metals. It also
shows the contribution of background to measurements of
very low levels of AP, including the measurement of a l0aM

15 solution of AP over the background readings after at six
hours.

Along with this it was found that agqueous solutions
of 1.0mM BBTP could be prepared 1n the buffer described
above and 1left at 4°C. ABTP stability at 4°C was also

20 measured. The results shown Filgures G and H indicate
stability of BBTP and ABTP at 4°C.

Next, the aqueous solutilions of BBTP and ABTP were
prepared and stored at 4°C. Then the rate of reaction of
these solutions of BBTP and ABTP with AP were measured,

25 see Figures I and J respectively. This shows that these
solutions were stable and no compounds were forming which
would 1inhibit AP. The data clearly illustrate that both
BBTP and ABTP were not decomposing in solution and forming
inhibitors to AP.

30 The procedures used in Filigure E could not be applied
to 4-MUP for two reasons. First, the background reading
obtained from a 1mM solution was off scale on the Turner
model 111. If the concentration was reduced to 0.030mM
then the background reading was comparable to a 1mM solu-

35 tion of BBTP or ABTP. Since the Km for 4-MUP in this

buffer is approximately 30 micromolar then the turnover of
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4-MUP 1s reduced thus lowering the sensitivity of the sub-
strate for AP. It was found that with freshly prepared
30 micromolar solutions of 4-MUP that it gave approxi-
mately one half to one third the signal obtained with a
1.0mM solutlion of BBTP. Secondly, it was found that basic
aqueous solutlions of 4-MUP containing magnesium cause the
4-MUP to hydrolyze and form 4-methyl umbelliferone. This
results in a significant background increase. This limits
the test to having the 4-MUP beling reconstituted with

buffer usually within 8 hours of use even when this solu-

tion 1s stored at 4°C.

4. Svnthesis of BT Derivatives

a. Synthesis of 2-Cyano-6-Hydroxyvbenzothiazole (CBT)
The procedure used for the synthesis 1s described in

Deluca, M.A. and McElroy, W.D., Methods of Enzvmology, 57,

pp. 15-24, Academlic Press. The product matched the melt-
ing point and the UV data given. The HPLC showed this
material to be 98% pure (by area percent). The solvent
program used water for solvent A and methanol for solvent
B. The flow rate was 2.0 mL/min with a program time of 10
minutes starting at 100% A to a final condition of 40% B
using curve 7 on the Waters sclvent programer resulting in
a slightly convex solvent program. The product peak was
monitored at 254nm and found to have a retention time of
17.3 minutes. The 500 Mg hertz NMR spectra in dimethyl
sulfoxide (d,) verified the structure. See Table 4.

b. Svnthesis of 2-cvano-6-hydroxvbenzothiazole dimethvyl

phosphate ester.
Five hundred mg (2.84mmoles) of 2-cyano-6-hydroxy-

benzothiazole was placed 1n a 10 mL reactor vial, which
could be sealed with a teflon cap and had a magnetic stir
bar. A 5.0mL aliquout of THF was added and upon stirring
the 2-CBT dissolved rapidly giving a clear, light red
solution. This was followed by the addition of 0.550 mL
(402 mg. 3.97mmoles) of triethylamine. The resulting
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clear solution was cooled to 4°C by placing it in an ice
bath. Next, 512mg (3.54mmoles) of dimethylchlorophosphate
dissolved 1n 1.5mL of THF was added to this solution over

a period of 60 seconds. After approximately 20 minutes,

the 10mL reactor vial was removed from the ice bath and
allowed to stir for two hours at room temperature.

At this point the reaction was a thick slurry. The
triethylammonium chloride salt was removed by suction
filtration. The filtrate was transferred to a round-
bottomed flask and concentrated on a rotoevaporator under
vacuum. The residue was dissolved in 50 mL of ethyl
acetate followed by the addition of 20 mL of water plus 10
mL of water saturated with NaCl. The phases were separ-
ated and the ethyl acetate layer was saved. The agueous
phase was back washed with 40 mL of ethyl acetate and this
was comblned with the previous ethyl acetate laver. The
combined ethyl acetate solution was washed twice with a
mixture of 15 mL of agueous saturated NaCl and 5 mL of
water. The ethyl acetate layer was dried over MgSoO,,
filtered and concentrated on a roto-evaporator at full
vacuum. Approximately 5 mL of ethyl ether was added to
the concentrate which dissclved the thick o0il. This was
cooled to -20°C and white crystals formed rapidly. The
white crystals were 1solated by filtration. The melting
point of the product, 2-cyano-6-hydroxybenzothiazole
dimethylphosphate ester, (6-CBT-DMP) was 54.0-55.1°C. The
HPLC showed a purity of 96.4% (by area). The column was
3.9mm x 25mm with a flow rate of 1.0 mL/min with a linear
program from 100% water to 100% methanol with a program
time of 30 minutes. The product was monitored at 254nm.
The retention time for the product was 23.4 minutes. The
NMR spectrum was determined. The solvent used for the NMR
was deuterochloroform with TMS as an 1internal standard.
There was a doublet centered at delta 3.9 with a coupling
constant of 10Hz and integrated for 6.00 H's. There was
a multiplet centered at 7.9 which 1integrated for 3.08

hours.
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C. Svnthesis of 2-Carbomvl]-6-Hvdroxybenzothiazole (ABT)
CBT, 14.0g or 0.079 moles, was suspended in 60 mLs of

deionized water. The pH of this sclution was adjusted to
11.5 using approxlimately 12mLs of 6.0M sodium hydroxide.
This resulted in clear dark amber solution which was left
stirring overnight under nitrogen. An HPLC, 30 minute
program from water to methancl with a linear program, was
run the next morning. It was found that 95% (by area) of
the starting material was converted to a single compound.
The retention time of CBT and ABT were 15.1 and 13.2
minutes respectively.

The product was 1solated by adding an equal volume of
water and lowering the pH to 1.9 with 6N hydrochloric
acid. The brown solids were rinsed with water. The wet
solids were dissolved 1n 400mLs of methanol at 60°C, hot
filtered and cooled to -15°C overnight. The crystals were
collected by wvacuum filtraticon, rinsed with methanol,
diethyl ether and vacuum dried. The HPLC showed a single
peak at 13.2 minutes. The yield was 7.58g or 49%. The
500 Mg hertz NMR run in DMSO-dé 1s shown at Table 5. Note
that the peaks at 7.910 and 8.297 were assigned to the
amide hydrogens and the peak at 10.106 to the phenol
hydrogen. All these peaks (7.910, 8.297 and 10.106)
disappeared with the addition of deterium oxide. This is
as expected for an amide. The NMR matched what was
expected for the product shown.

ABT treated longer with pH 11 1n agueous solution or
at a higher pH, formed 2-carboxyl-6-hydroxybenzothiazole
which was, isolated, and 1identified. The NMR spectra
matched what was obtained. Thils ccmpound was also highly
fluorescence with its expectedly large Stokes' shift and
reacted with AP 1in an aqueous basic environment. This
compound showed a lower turnover number wilith AP and was

not studied extensively.
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d. Svnthesis of 2-Carbomvi-6-Hvdroxybenzothiazole

Dimethvlphosphate
Three grams (0.0l5moles) of 2-carbomyl-6-hydroxy-

benzothiazole (ABT) was dissolved in 30mLs of THF. Then
1.72g (0.017 moles) triethylamine was added to the stir-
ring reaction solution, followed immediately by the
addition over 5 minutes of 2.6g (0.018 moles) of dimethyl-
chlorophosphate dissolved in 7mLs of THF. This solution
was stirred for 72 hours at room temperature.

The slurry was suction flltered and concentrated
under vacuum to dryness. The solids were dissolved 1in
100mLs of chloroform, washed 3 times with aqueocus sodium
carbonate solution, twice with saturated sodium chloride,
dried over magnesium sulfate and concentrated to dryness
under vacuum. The solids were slurried with diethyl ether
and filtered. The yield was 1g or 22%. The HPLC was ruﬁ
using a 10 minute linear program from water to methanol.
It showed that the product was 96% pure (by area), with a
retention time of 14.1 minutes. The NMR in deuterochlor-
oform showed the eXxpected peaks as follows for the
product: § of 3.9 with a coupling constant of 10hz (6.4H),
§ of at 7.6, coupling constants of 10 and 2hz (.9H), brocad
peak at 8.0 (1.0H), and a doublet at 8.25 coupling
constant of 10hz (1.0H).

e. Svnthesis of 2-Carbomyl-6~-Hydroxvbenzothiazole

Phosphate Di-(2-Amino-2-Methyl-1,3-Propanediol) Salt
One gram (0.0033moles ) of 2-carbomyl-6-hydroxybenzo-

thiazole dimethylrhosphate was dissolve in 20mLs of THF.
To thils solution, trimethylbromosilane (0.0264 moles) was
added. This solution was malintalned sealed in a reactor
vial at room temperature for 12 hours. By HPLC there was
4% starting material and 21% monomethyl phosphate remain-
ing after 12 hours. Another 0.0066 moles of trimethyl-
bromosilane was added and an HPLC showed after an

additional five hours that the reaction was not complete.
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Thus, another 0.0132 moles of trimethyl bromosilane and
four more hours completed the reaction.

The vial contents were poured into 30mLs of methancl
contalining 5.99g o©of AMPD. The solution turned 'cloudy
immediately and was transferred to the freezer for 18
hours. The product was collected by suction filtration,
washed with cooled methanol and vacuum dried. The yield
of yellow crystals was 0.98g or 62%. An HPLC scan using a
10 minute linear prcgram from water to methanol showed a
single peak at 6.1 minutes which was 99.1% (by area
percent). The 500 Mg hertz NMR spectra in deterium oxide
verified the structure assignment. See Table 6.

f. Synthesis of 2'-(2-Benzothiazolvl)-6'-Hvdroxvbenzo-
thiazole Phosphate Bis-(2-Amino-2=-Methyl-1,63~-

Propanediol) Salt
The CBTP-b1is-AMPD salts, 2.0g or 0.0043 moles, was

dissolved 1n 10mLs of deicnized water in a 30mL beaker.
The 2-amino-thiophenocl, 0.54g cr 0.0043 moles, was dis-
solved 1n 10mLs of methanol and added all at once to the
aqueous solution. The beaker was covered with parafilm
and stirred at RT for 2 hours then stored in the freezer
overnight.

The solids were collected the next morning and rinsed
with methanol and diethyl ether. These crude crystals
were dried giving 1l.1g with a purity of 96.4% by HPLC.
The crude product was purified by slurrying with a mixture
of water/methanol (50/50 volume) for 20 hours followed by
vacuum filtration, rinsing with water and methanol and
vacuum drying. The product weighed 0.81g and was 98.6% by
HPLC analysis (area percent) with a retention time of 15.3
minutes. The program used a 5 minute linear program, 0 to
100% solvent B, starting with Solution A and finishing
with methanol. The 500 Mg hertz NMR spectra in deterium
oxide verified the structure. See Table 7.

The product, 100mg, was dissolved 1n 10mLs of an

agqueous solution containing 0.1M AMPD, pH 10.0, with 1.0mM
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magnesium chloride. At this point, a hand held 254nm
light source was used to exclte a small portion the solu-
tion which had been transferred to a quartz UV cell. . The
solution gave cff very faint blue fluorescence. Then 100
microliters of AP, 0.30 micromoclar, was added. A small
portion was added to the quartz UV cell and excited as
before and a very bright orange fluorescence was seen. By
the follcowlng morning an HPLC showed that all the CBTP-
b1s-AMPD had been consumed and a new peak formed in the
HPLC scan. This peak was 1dentified as 2'-(2-
Benzothiazolyl)-6~-Hydroxybenzothlazole (BBT) by 500 Mg
hertz NMR spectra. See Table 8.

The 1nvention may be embodied 1in other specific
forms, 1ncluding homologs and derivatives of the described
compounds, wlthout departing from the spirit or essential
characteristics thereof. The present embodiment is to be
considered 1n all respects as 1llustrative and not

restrictive, the scope of the invention being indicated by

the appended claims.

Table 1
Fluorescence Properties of CBT, ABT, and BBT
Extincticn Excitation Emlission Stokes
Coefficient (nm) Maximum(nm) Max:imum(nm) Shift (nm)
CBT 378 381 510 129
(320-430) (445-580)
ABT 468 481 518 137
(325-440) (445-580)
BBT 415 419 561 142
(330-480) (460-660)
4-MU N/A Approx. 380 449 82
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Table 2
Comparison of the Fluorescence Properties of CBTP to CBT
Fluorescence
Veltage Excitation Max. Emission cycles
5 (volts) (nm) (nm) per second
CBTP 700 377 504 53,000
CBT 700 378 501 Off Scale
(8,080,000)
CBT 500 378 501 808,000

10 Table 3

Fluorescence of CBT in different solvents with and without

base
10pl CA added 100ul CA added
Solvent CA absent Soluticn 21 Solution 22
15 Aqueous 0.10M bright green - - |
AMPD pH 10.2
Methanol light green bright green bright green
Dimethylform- slight green pale green bright green
amlide
20 Ethanol colorless light green bright green
Propanol pale green bright green bright green
Acetone colorless colorless light green
Tetrahydro- colorless colorless pale green
furan
25 Toluene colorless colorless slight green
Ethyl Ether colorless colorless slight blue
Table 4
500 Mg Hertz NMR SPECTRA of CBT
Chemical Shift Integration Coupling Constant (Hz)
30 10.518 (S) 0.65
7.589 (D) 0.88 2.5
7.183 (DD) 1.09 9, 5
8.064 (D) 1.00 9
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Table 5
500 Mg Hertz NMR SPECTRA of ABT
Chemical Shift - Integration Coupling Constant (Hz)
10.106 0.68
8.297 (S) 0.86
7.910 (D) (S) = 1.91 9.0
7.448 (D) 1.00 2.5
7.075 (DD) 1.14 9, 2.5

* Upon addition of H,0, one of the hydrogens disappears
leaving the doublet at 7.910.

Table 6

500 Mg Hertz NMR SPECTRA of ABTP

Chemical Shift Integration Coupling Constant (Hz)
8.040 (D) 0.98 9.0
7.856 (S) 1.03
7.468 (D) 1.00 9.0
3.335 (Q) 8.30 11.0
1.017 (S) 6.00

Table 7

500 Mg Hertz NMR S2ECTRA of CBTP

Chemical Shift Integration Coupling Constant (Hz)
7.960 (D) 0.60 2.0

7.430 (DD) 1.00 2.5, 9.0
8.057 (D) 0.95 9.0

8.186 (D) 1.00 8.0
8.228 (D) 1.00 8.0
7.610 (D,D,D)* 1.10 1.5, 8.5, 7.0
7.670 (D,D,D)* 1.15 1.5, 8.0, 7.0
3.335 (Q) 8.46 11.0
1.017 (S) 6.00

*Appears as two triplets
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Table 8
500 Mg Hertz NMR SPECTRA of BBT
-Chemical Shift Integration Coupling Constant (Hz)
7.509 (D) 0.32 2.5
5 7.095 (DD) 1.00 2.5, 8.5
7.999 (D) 0.94 8.5
8.158 (D) 1.00 7.5
8.224 (D) 1.00 7.5
7.57 (D,D,D)* 1.06 , 6.5,
10 7.61 (D,D,D)* 1.06 6, 6.5,

*Appears as two triplets
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A method of assaying a free radical in a test sample
which method comprises comparing the amount of fluorescence
exhibited by a fluorescent derivative of benzothiazole in the
test sample with a control fluorescence value, a decrease in
the amount of fluorescence exhibited in the test sample being

correlated with free radical content in the test sample.

2. A method of claim 1, wherein said free radical 1s oxygen.
3. A method of claim 2, wherein said test sample contains
blood.

4. A method of claim 3, wherein said fluorescent derivative

of benzothiazole is selected from the group consisting of
2-carbamoyl-6-hydroxybenzothiazole, 2'-(2-benzothiazolyl)-6"'-

hydroxybenzothiazole and 2-cyano-6-hydroxybenzothiazole.

5. A method of labelling biological molecule comprised of

attaching a fluorescent derivative of benzothiazole to a

biological molecule.

6. A method of claim 4, wherein said biological molecule 1is

a biological ligand.

7. A method of claim 5, wherein said biological ligand 1is
selected from the group consisting of an antibody, an antibody

fragment, and a nucleic acid.

8. A method of claim 5, wherein said fluorescent derivative

g
p—

of benzothiazole is selected from the group consisting O:
2-carbamoyl-6-hydroxybenzothiazole, 2'-(2-benzothiazolyl)-6"-

hydroxybenzothiazole and 2-cyano-6-hydroxybenzothiazole.

Smart & Biggar
Ottawa, Canada

- Patent Agents

78223-1D
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FIGURE D
Antibody / AP System

Qe
a) | >\—&—-‘ N | SFSO
[ AP
el
L
———— @ ; AP/_: o
N
b) BTP + HLO -~ - - =~ ~-=----=-----~~- - BBT + phosphate

Ag is the antigen for the tetanus toxoid.
ADb, is an antibody to the tetanus toxoid.
Ab, is an antibody to Ab,.

AP is alkaline phosphatase bound to Ab,.
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FIGURE C
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BBTP

non-filuorescent substrate

AP is alkaline phosphatase
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