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Product Information

ATTO-TAG� CBQCA and ATTO-TAG� FQ
A-2333 ATTO-TAG� CBQCA Amine Derivatization Kit
A-6222 ATTO-TAG� CBQCA derivatization reagent
A-2334 ATTO-TAGTM FQ Amine Derivatization Kit
A-10192 ATTO-TAG� FQ derivatization reagent

Introduction
Molecular Probes is pleased to offer the ATTO-TAG� series

of reagents for the ultrasensitive detection of primary amines.
Developed by Novotny and collaborators at Indiana University,1-5

the ATTO-TAG reagents are similar to the important reagents
o-phthaldialdehyde (OPA), naphthalene-2,3-dicarboxaldehyde
(NDA) and anthracene-2,3-dicarboxaldehyde, all of which are
also available in high purity form from Molecular Probes.

Principle of ATTO-TAG CBQCA and ATTO-TAG FQ
ATTO-TAG CBQCA (3-(4-carboxybenzoyl)quinoline-2-

carboxaldehyde or CBQCA 1) and ATTO-TAG FQ (3-(2-furoyl)
quinoline-2-carboxaldehyde 2) react specifically with primary
amines to form conjugates that can be analyzed by electro-
phoretic or chromatographic methods.  Unlike OPA and NDA,
ATTO-TAG CBQCA will also react with hydrophilic peptides
and amino sugars.  The resulting products of CBQCA � highly
fluorescent 7-aza-1-cyano-5,6-benzisoindoles � are maximally

Storage upon receipt:
� �20°C
� Desiccate
� Protect from light

excited at 450 nm or by the 442 nm spectral line of the He-Cd
laser and have emission maxima at ~550 nm.  The products of
ATTO-TAG FQ are maximally excited at 480 nm or by the
488 nm line of the argon-ion laser and have emission maxima at
~590 nm.  In capillary zone electrophoresis (CZE), the sensitivity
of detection of ATTO-TAG CBQCA conjugates should be in the
attomole range (10-18 moles).  The high sensitivity, freedom from
background and long-wavelength excitability make these poten-
tial reagents for research, diagnostic and forensic applications,
including drug analysis (note A).  The ATTO-TAG reagents can,
of course, be used in HPLC and other modes of chromatography
with either absorbance or fluorescence detection.  The principal
limitation to obtaining ultrasensitive detection using chemical
derivatization reagents, including the ATTO-TAG reagents, is
that relatively high concentrations of the derivatizing reagent are
required to obtain adequate kinetics and sufficient modification
of the analyte.  A recently described technique employs ATTO-
TAG FQ for the solid-phase derivatization of dilute solutions
(10-8 M) of peptides that have been immobilized on Immobilon-
CD membranes.3  This method permits the quantitative derivati-
zation and analysis by capillary electrophoresis of only a few
picomoles of the analyte.

Materials
Storage and Handling

Upon receipt, the ATTO-TAG CBQCA and ATTO-TAG FQ
Amine Derivatization Kits should be stored frozen at -20°C.  The
individual CBQCA and FQ derivatization reagents should be
stored desiccated at -20°C, protected from light.  Stored properly,
the ATTO-TAG kits and reagents should be stable for at least six
months.

ATTO-TAG CBQCA Amine Derivatization Kit Contents and
Solution Preparation (A-2333)
$ ATTO-TAG CBQCA (MW = 305.3, Component A),

5 mg:  A 10 mM solution of CBQCA in dimethylsulfoxide
(DMSO) is prepared by dissolving 5 mg CBQCA in
1.64 mL DMSO.

$ Potassium cyanide (KCN) (MW = 65.1, Component B),
>25 mg:  Dissolve ~20 mg of KCN in 1.5 mL of deionized
water (dH2O) to give an approximately 0.2 M KCN solution.
To obtain a 10 mM working solution for use in Amino Acids
and Peptides and Amino Sugars, dilute the KCN stock
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Figure 1.  Reaction of the fluorogenic amine derivatization reagent
ATTO-TAG CBQCA.
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solution 20-fold (5 µL of stock solution + 95 µL of dH2O).
KCN is hazardous.  Handle with extreme care.  All solutions
should be stored in clearly labeled and tightly sealed con-
tainers.  Dispose of unused material using methods appro-
priate for your workplace.

$ βββββ-cyclodextrin (Component C), 250 mg:  This reagent is
sometimes used as an additive in the electrophoresis buffer
to enhance the separation of CBQCA�peptide conjugates
(see Peptides).  Weigh out β-cyclodextrin as required for ad-
dition to the buffers at a typical concentration of 20 mM
(23 mg/mL).

This kit supplies sufficient reagents for 160�320 derivatiza-
tions using the conditions described in the protocols.  Derivati-
zations of highly dilute samples (<10-6 M) may require a greater
excess of reagent to achieve complete reaction.

ATTO-TAG FQ Amine Derivatization Kit Contents and
Solution Preparation (A-2334)
$ ATTO-TAG FQ (MW = 251.2, Component A), 5 mg:  A

10 mM solution of FQ is prepared by dissolving the reagent
in 2.0 mL methanol.

$ Potassium cyanide (KCN) (MW = 65.1, Component B),
>25 mg:  Dissolve ~20 mg of KCN in 1.5 mL of deionized
water (dH2O) to give an approximately 0.2 M KCN solution.
To obtain a 10 mM working solution for use in Amino Acids
and Peptides and Amino Sugars, dilute the KCN stock solu-
tion 20-fold (5 µL of stock solution + 95 µL of dH2O).  KCN
is hazardous.  Handle with extreme care.  All solutions
should be stored in clearly labeled and tightly sealed con-
tainers.  Dispose of unused material using methods appro-
priate for your workplace.

$ βββββ-cyclodextrin (Component C), 250 mg:  This reagent is
sometimes used as an additive in the electrophoresis buffer
to enhance the separation of CBQCA�peptide conjugates
(see Peptides).  Weigh out β-cyclodextrin as required for
addition to the buffers at a typical concentration of 20 mM
(23 mg/mL).

This kit supplies sufficient reagents for 200�400 derivatiza-
tions using the conditions described in the protocols.  Derivatiza-
tions of highly dilute samples (<10-6 M) may require a greater
excess of reagent to achieve complete reaction.

ATTO-TAG CBQCA Derivatization Reagent (A-6222)
The individual ATTO-TAG CBQCA reagent (MW = 305.3) is

supplied in a unit size of 10 mg.  A 10 mM solution of CBQCA
in dimethylsulfoxide (DMSO) is prepared by dissolving the
10 mg of CBQCA reagent in 3.28 mL DMSO.

ATTO-TAG FQ Derivatization Reagent (A-10192)
The individual ATTO-TAG FQ reagent (MW = 251.2) is sup-

plied in a unit size of 10 mg.  A 10 mM solution of ATTO-TAG
FQ can be prepared by dissolving the 10 mg of FQ reagent in
4.0 mL methanol.

Storage of Stock Solutions
The stock solutions of ATTO-TAG CBQCA or ATTO-TAG

FQ should be stored at -20°C in a capped vial.  The stock solu-
tion must be thoroughly thawed and mixed before use.  A work-

ing supply of solution may be kept at room temperature and re-
placed daily.

Derivatization Procedures
The following protocols are based on the publications of

Novotny et al.,1,2,4-7 and constitute general guidelines for the use
of the reagent.  Most of the protocols have been developed using
CBQCA.  Protocols that use ATTO-TAG FQ should be similar.

Amino Acids and Peptides
For the rapid and complete derivatization of amino acids, at

least a sixfold molar excess of CBQCA or FQ and a fivefold mo-
lar excess of cyanide should be used.  For dilute samples, a much
larger excess of reagent is required to achieve complete reaction.
Typically,1 a derivatization is carried out by mixing a 2�5 µL
aliquot of the amino acid or peptide at a concentration of 10-4 to
10-6 M with 10�20 µL of 10 mM KCN working solution and
5�10 µL of the 10 mM CBQCA or FQ solution.  The mixture
is allowed to react for at least one hour at room temperature.  A
pH of 8.5 to 9.5 has been found to be optimal for reaction of
amino acids and smaller peptides (up to four amino acid resi-
dues).  Larger peptides (nine residues) show no distinct pH
optimum.

Amino Sugars
The fluorescence intensity of CBQCA and FQ conjugates

with amino sugars is appreciably decreased by high concentra-
tions of CBQCA or cyanide.  Optimum results are obtained with
a one- to twofold molar excess of CBQCA or FQ and a one- to
threefold molar excess of cyanide.  The derivatization of amino
sugars is performed by mixing an aliquot of the amino sugar
with 10�20 µL of the 10 mM KCN working solution and
5�10 µL of the 10 mM CBQCA or FQ solution.  The mixture is
allowed to react at room temperature for about one hour prior to
analysis.  A pH of 7 is optimal for reaction of amino sugars with
CBQCA and is probably also suitable for FQ derivatization.

Derivatization of Reducing Monosaccharides and
Oligosaccharides

Reducing, neutral carbohydrates may be derivatized by
CBQCA or FQ following reductive amination with sodium
cyanoborohydride in the presence of ammonium ion.  Reductive
amination is carried out by introducing an excess of 2 M
(NH

4
)

2
SO

4
 or 4 M NH

4
Cl and 0.4 M NaCNBH

3
 to an aqueous

solution of the carbohydrate sample in a screw-cap vial.  The
tightly sealed vials are shaken to mix well, then placed into
a temperature-controlled heating block and kept at 100°C for
100�120 minutes.  After completion of the reaction, the solutions
are immediately cooled in an ice bath.  The mixtures can be used
directly for derivatization by CBQCA or FQ as described previ-
ously.  If desired, the samples may be dried and redissolved
(note B).

Stability
The cyanoisoindole derivatives of amino acids and peptides

are stable in solution for about 24 hours.  Those from amino sug-
ars are stable for at least 10 hours.  When evaporated to dryness
and frozen, the products are stable for at least two weeks.
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Separation and Detection
Amino Acids

In simple ionic buffer systems, roughly half of a group of sev-
enteen CBQCA-derivatized amino acids were successfully sepa-
rated by capillary zone electrophoresis.  By adding sodium
dodecyl sulfate (SDS) as a micelle-forming agent, most amino
acids are adequately resolved.  Lysine may present a problem due
to double-labeling by CBQCA, leading to fluorescence quench-
ing and spectral changes.  Lysine in protein hydrolysates can be
analyzed by methylation of the amino side group before hydroly-
sis.  As this also methylates the N-terminus, both methylated and
nonmethylated protein samples may be hydrolyzed and deriva-
tized to allow for detection of lysine by comparison.

Detection limits for various CBQCA-derivatized amino acids
are found to be in the range of 20�70 attomoles.  Glycine is de-
tectable at 1.4 attomoles.  The measurements show a linear dy-
namic range of over three orders of magnitude.

Typical conditions for CZE separation of CBQCA-derivatized
amino acids are as follows:
$ Capillary:  50 µm i.d. (184 µm o.d.), 104 cm in length

(73 cm to detector)
$ Mobile phase:  0.05 M TES buffer (pH 7.02), 50 mM SDS,

10 seconds hydrodynamic injection, injection concentration
8.7 × 10-6 M

$ Operating Voltage:  25 KV (14 µA)
$ Excitation:  He-Cd laser, 50 mw at 442 nm
$ Emission:  550 nm

These conditions are likely to be different with the uncharged
ATTO-TAG FQ.

Peptides
Small peptides (3�4 amino acid residues) and larger ones

such as angiotensin derivatives are readily separated as their
CBQCA derivatives in a pH 9.5 borate buffer system.  Deriva-
tives migrate according to their expected mass-to-charge ratios.
Lysine-containing peptides, and proteins in general, may display
multiple peaks.  The detection limits for a small sampling of
model peptides were found to be in the 4.6�13.8 attomole range.
The linear dynamic range was at least four orders of magnitude.
Significant enhancement of the detection sensitivity and narrower
peaks have been obtained for CBQCA�peptide conjugates by
incorporating cyclodextrins in the buffer system.  The relative
fluorescence intensity of larger peptides such as angiotensin de-
rivatives increases nearly 10 times with an increase of β-cyclo-
dextrin concentration from 0�20 mM, while a much smaller
increase was observed for a tetrapeptide.  Conversely, α-cyclo-
dextrin gives similar fluorescence enhancement for small pep-
tides when present in concentrations of 10�20 mM.

Typical conditions for CZE separation of CBQCA-derivatized
peptides are as follows:

$ Capillary:  90 cm in length (60 cm to detector), 50 µm i.d.
$ Mobile phase:  0.05 borate buffer (pH 9.5) plus 20 mM α- or

β-cyclodextrin.
$ Operating voltage:  20 KV

These conditions are likely to be different with the uncharged
ATTO-TAG FQ.

Amino Sugars
In phosphate buffer, the CBQCA conjugates of D(+)-glucos-

amine and D(+)-galactosamine show identical electrophoretic
mobilities.  They are readily separated, however, by addition of
borate ion to the buffer.  Complete separation has been obtained
at borate concentrations of 10 mM.

Dramatic improvements in resolution have been achieved by
incorporation of anionic surfactants such as SDS as a buffer ad-
ditive.  The use of SDS concentrations above the critical micelle
concentration shifts the separation mode from CZE to micellar
electrokinetic chromatography.  In this mode, the analyte distri-
bution occurs between the micellar phase and the ionic buffer
phase.

Typical conditions for separation of CBQCA-derivatized
amino sugars are as follows:
$ Capillary:  80 cm in length (50 cm to detector), 50 µm i.d.
$ Mobile phase:  20 mM Na2HPO4/20 mM borate/50 mM SDS,

pH 9.12
$ Injections:  10�15 seconds hydrodynamic
$ Applied voltage:  16 KV (28 µA)

Notes
[A] Because of their chemical similarity to OPA and NDA, the
ATTO-TAG reagents can probably be employed in similar appli-
cations.8  Like NDA,9 ATTO-TAG CBQCA can potentially be
used to determine the amino acid profile of single cells.  More-
over, it may be possible to detect amine adducts of ATTO-TAG
reagents using electrochemical methods 10 or the chemilumines-
cent reagent bis-(trichlorophenyl) oxalate (TCPO).11-13  Other ap-
plications include:
$ Analysis of amine-containing constituents of human

cerebrospinal fluid.14

$ Detection of enantiomeric separations by capillary electro-
phoresis.15

$ Detection of localized chemical modifications on molecular
monolayers.16

[B] A desalting step may afford a more readily derivatized sam-
ple.  Following the reductive amination, the sample may be dried
and redissolved in methanol, leaving the bulk of the ammonium
salts undissolved.  Centrifugation should afford a substantially
salt-free solution of the amino glycoside.
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Product List  Current prices may be obtained from our Web site or from our Customer Service Department.

Cat # Product Name Unit Size

A-2333 ATTO-TAGTM CBQCA Amine Derivatization Kit ........................................................................................................................ 1 kit

A-6222 ATTO-TAGTM CBQCA derivatization reagent  (CBQCA; 3-(4-carboxybenzoyl)quinoline-2-carboxaldehyde) ........................... 10 mg

A-2334 ATTO-TAGTM FQ Amine Derivatization Kit ................................................................................................................................ 1 kit

A-10192 ATTO-TAGTM FQ derivatization reagent  (FQ; 3-(2-furoyl)quinoline-2-carboxaldehyde ............................................................ 10 mg

Contact Information
Further information on Molecular Probes' products, including product bibliographies, is available from your local distributor or directly from Molecular

Probes.  Customers in Europe, Africa and the Middle East should contact our office in Leiden, the Netherlands.  All others should contact our Technical Assis-
tance Department in Eugene, Oregon.

Please visit our Web site � www.probes.com � for the most up-to-date information

Molecular Probes, Inc.
PO Box 22010, Eugene, OR 97402-0469
Phone:  (541) 465-8300 � Fax:  (541) 344-6504

Customer Service:  7:00 am to 5:00 pm (Pacific Time)
Phone:  (541) 465-8338 � Fax:  (541) 344-6504 � order@probes.com

Toll-Free Ordering for USA and Canada:
Order Phone:  (800) 438-2209 � Order Fax:  (800) 438-0228

Technical Assistance:  8:00 am to 4:00 pm (Pacific Time)
Phone:  (541) 465-8353 � Fax:  (541) 465-4593 � tech@probes.com

Molecular Probes Europe BV
PoortGebouw, Rijnsburgerweg 10
2333 AA  Leiden, The Netherlands
Phone:  +31-71-5233378 � Fax:  +31-71-5233419

Customer Service:  9:00 to 16:30 (Central European Time)
Phone:  +31-71-5236850 � Fax:  +31-71-5233419
eurorder@probes.nl

Technical Assistance:  9:00 to 16:30 (Central European Time)
Phone:  +31-71-5233431 � Fax:  +31-71-5241883
eurotech@probes.nl

Molecular Probes� products are high-quality reagents and materials intended for research purposes only.  These products must be used by, or directly
under the supervision of, a technically qualified individual experienced in handling potentially hazardous chemicals.  Please read the Material Safety Data
Sheet provided for each product; other regulatory considerations may apply.

Several of Molecular Probes� products and product applications are covered by U.S. and foreign patents and patents pending.  Our products are not
available for resale or other commercial uses without a specific agreement from Molecular Probes, Inc.  We welcome inquiries about licensing the use of our
dyes, trademarks or technologies.  Please submit inquiries by e-mail to busdev@probes.com.  All names containing the designation ® are registered with the
U.S. Patent and Trademark Office.
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