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MEANS AND METHOD FOR CAPILLARY
ZONE ELECTROPHORESIS WITH
LASER-INDUCED INDIRECT
FLUORESCENCE DETECTION

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

GOVERNMENT RIGHTS

This invention was made with government support under
contract number W-7405-ENG-82 awarded by thc Depart-
ment of Energy. The Government has certain rights in the
invention.

BACKGROUND OF THE INVENTION

a. Field of the Invention

The present invention relates to analytical procedures for
detection and determination of chemical constituents of
substances, and particularly to separation and detection of
very low levels of chemical compounds.

b. Probiems in the Art

Many analytical procedures exist with respect to attempt-
ing to determine the chemical makeup of substances. For
example, procedures such as chromotography, electrophore-
s1s, fluorescence detection, and others have been developed
for this purpose. Each of those broad categories, in tumn,
have many different variations.

Each of these methods has its strengths and weaknesses.
For example, one type of electrophoresis, namely capillary
zone clectrophoresis, has very good separation efficiency,
for separating out different chemical components, but is
limited 1n i{s ability to detect what those components are. In
many cases, to accurately detect the constituent chemical
compounds, additional procedures are required which are
very time consuming, and some of which require and resuit
in destruction or alieration of the substance being analyzed.

While many of these analytical methods give what are
many times considered acceptable results, these results are
many times limited to a selected or narrow group or type of
substances. Thercfore, problems exist in that there is no
adequate universal-type procedure which can scparate and
detect a wide variety of substances.

Further problems exist with conventional analytical meth-
ods with regard to the amount of time required for resolution
and derivation of meaningful information, and also with
respect to the reliability of the information. Some detection
procedures affect the separation process, dilute the sample,
or otherwise bring into doubt the reliability of the entire
separation and detection process.

Furthermore, with conventional procedures, there are
significant problems with respect to getting efficient and
accurate information regarding small amounts of materials
to be analyzed, or in analyzing materials having small
fractional amounts of chemical compounds. This is espe-
cially true for materials which have constituent chemical
compounds which do not have inherent physical properties
such as UV (ultraviolet) or visible absorption, fluorescence,
or electrochemical characteristics.

Thus, a primary problem exists for analyzing substances
having constituent chemical compounds which are not sig-
nificantly fluorescing. Such substances are quite abundant in
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biotechnological and biochemical areas, which are of par-
ticular interest.

There 1s therefore a real need for an improvement in the
art with respect to the problems discussed above. There is a
need for an analytical procedure which is more efficient than
conventional procedures with regard to time and derivation
of results, and which improves the efficiency of separation
and detection of chemical constituent compounds. Addition-
ally, therc 1s a need for a procedure that is flexible and
applicable (o many different types of substances and situa-
tions so that it can be used somewhal universally. There is
also the need for a procedure which can funclion efficiently
and reliably with regard to small sample amounts or with
regard to samples having minute fractional amounis of
compounds which are either difficult or impossible to detect
by conventional methods.

It is therefore a principal object of the present invention
to provide a means and method of capillary zone electro-
phoresis with laser-induced indirect fluorescence detection
which tmproves over or solves the deficiencics and problems
in the art. |

A further object of the present invention is to provide a
means and method as above described which is reliable and

cificient.

A further object of the present invention is to provide a
means and method as above described which is fairly
universal in its application, yvet simple in procedure and in
apparatus m accomplish the procedure.

Another object of the present invention is to provide a
means and mecthod as above described which is nondestruc-
tive, and does not alter the characteristics of the substances

being analyzed.

A further object of the present invention is {0 provide a
means and method as above described which saves signifi-
cant ttme in deriving results, |

Another object of the present invention is to provide a
means and method as above described which is operable
with respect to very small quantities of sample matenials to
be analyzed.

Another object of the preseni invention is to provide a
means and method as above described which is reliable with
respect to detectibility of minute fractional amounts of
chemical compounds.

A further object of the present invention is {0 provide a
means and method as above described which improves and
makes more eificient the separation of chemical compounds,
the detection of chemical compounds, and the sensitivity to
detection of chemical compounds.

A still further object of the present invention is to provide

a means and method which 1s useful for a variety of
analytical situations and substances.

Another object of the present invention is to provide a
means and method as above described which is useful for

non-fluorcscing substances.

Another object of the present invention is to provide a
means and method as above described which 1s safe and
economical.

These and other objects, features, and advantages of the

present invention will become more apparent with reference
to the accompanying specification and claims.

SUMMARY OF THE INVENTION

The present invention presents a combination of capillary
zone electrophoresis with laser induced indirect fluores-
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cence detection to provide an improvement in the art with
regard to separation and detection of chemical components
of analyzed substances. An open capillary zone electro-
phoresis system includes a detector which operates to 1ndi-
rectly measure changes in fluorescence induced by the lascr.
An output from the detector means can be communicated 10
a data processing device or a recording means to make a
record of such detection correlated to time, and 1o denve
meaningful resuits.

The invention represents a universal, simple, and efficient
analytical procedure, which improves upon the amount of
time needed, the scparation efficiency, and the delection
sensitivity, presenting a rcliable and economical analytical
Lool.

The invention includes various features and options which
enhance its results and make it particularly advantagcous for
reliably deriving information from very small amounts of
sample matcrial, and for detccting very small fractional
amounts of chemical compounds. Its high sensitivity and
universality make is also particularly useful with regard to
biochemically important molecules.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagrammatic view of an analytical system
according to the system.

FIG. 2 is a diagrammatic view of the detector of FIG. 1.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

The present invention has been described generally
above. To assist in an understanding of the invention, a
preferred embodiment of the invention will now be
described in detail. Reference should be taken to the draw-
ings, namely FIGS. 1 and 2. Reference numerals will be
used to designate various components and features in the
drawings. Like reference numbers will be used for like parts
in each of the Figures.

With particular reference to FIG. 1, a diagrammatic view
of preferred embodiment 10 of the invention is shown. A
capillary zone electrophoresis system consisting of a power
section 12, and a capillary section 14, such as 1s well known
in the art, is utilized. For specifics regarding the components
and operation of capillary zone electrophoresis sysicms,
reference is given to Jorgenson and L.ukacs, “Capillary Zonc
Electrophoresis™ Science Vol. 222, pgs. 266-272, which 1s
hereby incorporated by reference.

Power section 12 selectively introduces high vollage
electricity through capillary section 14. A buffer solution 16
is put in fluid communication with capillary tube 18. A
sample or specimen material to be analyzed is injected into
one of the open ends of capillary tube 18. Upon application
of the high voltage, the samplc separates by migrating
through the capillary tube 18 according to the reaction of
different constituent compounds to the clectric field. In other
words, ionic components of the specimen or sample migratc
through the capillary tube 18 at different speeds based upon
their particular electrical characteristics.

Thus, the capillary zone clecirophoresis system presents
an efficient way of separating constituent chemical com-
pounds of the sample.

A detector 20 is added to the capillary zone clectrophore-
sis system according to the invention. Detector 20 utilizes
indirect fluorescence detection principles to derive informa-
tion and detect the constituent chemical compounds scpa-

10

4

rated by the electrophoresis system as they pass by detector
20. Indirect fluorescent detection is known within the art and
one type of this sort of analytical procedure 1s explained in
Mho and Yeung. “Detection Method for fon Chromotogra-
phy Based on Double-Beam Laser-Excited Indirect Fluo-
rometry”, Analytical Chemistry, 1985, 57, 2253-2256,

which is incorporated by refercnce herein.

It is to be understood that to allow the indirect fuores-
cence delection part of the invention to operate, a fluorescent
ion or fluorophore is added to the bufler solution to become
the principal component of the electrophoretic buffer. Thus,

~ when the ionic components of the sample enter detector 20,
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Jaser-induced fluorescence results in either displacement or
jon-pairing of the ionic analytc with the fluorophore. This
produces a signal, from which can be derived the analytical
results,

In FIG. 1, it can be seen that an analog signal from
detector 20 can be communicated to an analog-to-digial
(A/D) converter 22, which interfaces with a computer 24.
Thus, the signals can be recorded, analyzed, and manipu-
lated to derive information about the separated and detected
constituent chemical components of the sample. It is 10 be
understood, that altemmatively, detector 20 could be directly
connected to an analog chart recorder as an alternative
method of recording the analytical procedure.

It is also to be understood that in FIG. 1, a large resistive
load 26 is connected to the electrical line between power
section 12 and capillary section 14, and is directed 1o
ground. The preferred embodiment resistive load 26 com-
prises a 50 megohm (M Ohm), 100 watl resistor array 1o
provide a current shunt to ground by serving as parallel
resistance to capillary section 14.

Additionally, an interlock timer component 28 is utilized
with power section 12 to protect personnel from the high
voltage when utilizing the system, and to coordinate timed
injection of the samplc and the electrophoresis procedure.

Finally, an ammeter 30 measures current continuously
between what will be referred to as the cathode end of
capillary section 14 and ground.

FIG. 2 specifically and diagrammatically depicts the
structure of detector 20. Capillary tube 18 passes through
enclosure 32 of detector 20. A laser 34 producing a laser
beam 36 positioned to direct laser beam 36 to capiliary tube
18 at a specific location. Laser beam 36 1s first passed
through power stabilizer 38 and then into focusing lens 40,
allowing laser beam 36 1o be precisely and narrowly focused
in on a small location on capillary tube 18. The angle
between the laser and the capillary tube i1s at Brewster's
angle.

Laser beam 36 would then pass through capillary tube 18
but would induce fluorescence changes in the elute which 1s
passing by in capillary tube 18. Thesc fluorescence changes
are detected and monitored by PMT detecter 42 which is a
photo-multiplier tube such as is known in the art. As shown
in FIG. 2, PMT 42 is positioned at an angle from the
reflectance of laser beam 36 from capillary tube 18. The
fluorescence is imaged onto PMT 42 by a ten power (10x)
microscope objective 44. Stray light is minimized by uuliz-
ing a spatial filter 46 in front of PMT 42, Finally, an
interference filter 48 is positioned directly in front of PMT
42 to isolaie certain fluorescence, as desired.

Thus, it can be seen that PMT 42 can be directly con-
nected to A/D converter 22 and computer 24 as shown in
FIG. 1 to record detection readings of the fluorescence as a
function of time.

In the preferred embodiment shown in FIGS. 1 and 2, the
preferred components are as follow:
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Power section 12 i1s comprised of power source 50 which
can be conventional residential alternating current (102-130
VAC). High voltage power supply 52 is a 50 kilovolt (kV)
Spellman model UHR 50PN150.

The interlock imer component 28 is circuitry which, as is
known in the art, automatically disconnects high voltage
power source 32 1f plexiglass box 54, containing the anodic,
high voliage end 56 from high voltage power source 52 is
handled. This serves as a safety feature for those using the
system. Interlock timer component 28 also contains an
eicctronic timer which is used to control the time of sample
Injection when samples are introduced by electromigration
of the sample solution into capillary tube 18.

Capillary tube 18 in the preferred embodiment is an
untreated or silyated 100 centimeter {cm) fused silica cap-
illary. It can be either 50 micrometers inside diameter (i.d.),
avatlable from SGE; or 13 micrometers i.d., 150 microme-
ters outside diameter (0.d.), available from Polymicro Tech-
noiogies, Phoenix, Ariz. Onc end of capillary tube 18 is
immersed in buffer solution 16 in container 58 within
plexiglass box S4. This serves as the “anode” end of
capillary tube 18. The other end of capillary tube 18 is
immersed into buffer solution 16 in container 60, comprising
the “cathode™ end of capillary tube 18.

Laser 34 comprises an HeCd (Helium Cadium) laser of
325 nanometer (nm) wavelength at 8 milliwatts (mW),
available from Liconix under product model number 4240.
Power stabilizer 38 stabilizes laser beam 36 1o within 0.05%
by utilizing laser power stabilizer model LS100, available
from Cambnidge Research and Instrumentation, Cambridge,
Massachusetts. The stabilized laser beam at 5 mW is focused
onto a small spot on capillary tube 18 (in the preferred
embodiment a 135 micrometer spot) with a 1 centimeter (cm)
quartz lens 40 available from Melles Griot. In the preferred
embodiment utilizing capillary tube [15 micrometer] 15
micromeler 1.d., and cleared of any polyamide coating, final
detection volume is approximately 3 picoliters (pL).

It 1s to be understood that capillary tube 18 is positioned
al Brewster's anglc with respect to laser beam 36 at a
~ position near the cathodic end of capillary tube 18 (in the
preferred embodiment 10 centimeters from the cathodic
end).

The ten power microscope objective 44 and spatial filter
46 arc available from commercial vendors, and are well
known within the art. PMT 42 is available from Hamamatsu
under product designation R928. Interference filter 48 in the
preferred embodiment s at 405.1 nm, such as is commer-
cially available as is known in the art, or can be a broad band
glass filter available from Corning under product number
2-64, Coming, N.Y.

In the preferred embodiment A/D converter is a five hertz

(Hz) converter available from Data Translation under model
DT 2827, and computer 24 is an IBM PC/AT.

Appropnate software, such as is well within the skill of
those skilled in the art, 1s utilized with computer 24,

It can therefore be seen that the present invention is
operable to be used as a reliable, efficient, and non-complex
method of obtaining high sensitivity and efficiency in the
detection of chemical components of substances. It does so
nondestructively, without the requirement of derivatization,
by the indirect fluorescence detection.

The invention is universal in the sense that it is useful for
many different types of substances, including non-fluoresc-
ing compounds and very small molecular compounds. It is
fast in its resolution, and taking only a few minutes for the
compiete process. It can be used on samples of less than one
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6

picomole, and for sample volumes less than two nanoliters
(nL). Its detection limit 1s around fifty attomoles (amol). For
non-fluorescing samples, the system can “visualize” the
chemical makeup by utilizing the fluorescing species in the
cluent.

Application of the invention is particularly useful as to
biotechnical and brochemical substances. Examples are
nucleic acids and amino acids in DNA sequencing or protein
sequencing. Such things as peptides, nucleotides, fatty acids,
sugars, and glycolytic intermediates can be detected in their
native states, which is generally difficult if not impossible
with conventional methods. The procedure of the invention
is thus useful in the genetics field, studying metabolism, and
even having direct analysis of cells in vivo in clinical
applications. Viruses and bacteria can be studied as well as
other dithcult to detect and analyze substances. The inven-
tion 1s even applicable to studying the chemical composition
of single cells, which could have tremendous effect on such
things as studying mutagens in ccll cultures. The applica-
tions and potential advantages are virtually innumerable.

It 1s behieved to be further helpful to describe operation of
the invention with rcgard to the preferred embodiment
depicted in FIGS. 1 and 2. Certain enhancements and
features will be pointed oul. The buffer solution 16 is
prepared by choosing a fluorescing anion as part of the
buffer solution 16. Containers 38 and 60 are then filled with
butfer solution 16. A sample is then dissolved into buffer
solution 16 in container 58 and the system is ready to begin.

It is to be understood that to increase the eficiency of the
system, prior to use, it 1s preferred that certain siandards are
maintained and procedures followed. All chemicals used
should be reagent grade unless otherwise noted. All water
used should be deionized, such as that available from
Millipore, Bedford, Mass.

Pre-preparation of capillary tube 18 consists of silating
with tnimethoxychlorosilane (alternatively referred to as
TCMS, available from Aldrich). This is accomplished by
aspirating a 20% solution of TCMS in methylene chloride
through capillary tube or column 18. The solvent is evapo-
rated, tube 18 ends are sealed, and tube 18 is .then heated al
340°-350° C. for one to two hours. Tube 18 is then washed
successively with methanol, distilled water, and buffer solu-
tion 16 prior to use.

The purpose of silating capillary tube 18 is to minimize
interactions between the ions in any injected sample on the
surface of capillary tube 18, and thus reduce electroosmotic
flow. This in turn plays a significant part in reducing
background noise in the indirect fluorescing signal. Both
pecak-broadening and long-term drift of the separation pro-
cess arc significantly reduced by the deactivation of the
capillary tube 18’s surface. This in tumn allows the use of
more dilute buifer solutions (for exampie, {50 micromoles of
salicylate] 50 micromolar salicylate concentration) and pro-
vides a much more stable background fluorescence. This
concentration of fluorescent ions in the buffer solution is
substantially less than that used in conventional direct
fluorescence detection for capillary zone electrophoresis.
For example, the concentration of fluorescing ions used in
Jorgenson and Lukacs, “Capillary Zone Electrophoresis”
Science Vol. 222, pgs. 266-272 is abou! 0.4 to 10mM.

The sampie is introduced to capillary tube 18 by elec-
tromigration from the container 58. This can be accom-
plished by presenting electrical power through the system
for a regulated time period. Resistive load 26 is advanta-
geous 1n assuring standardization of injections using the
electromigration procedure. The amount of sample intro-
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duced by this method is dependent on the rate at which
capillary tube 18 is charged and discharged. The rise time to
maximum voltage is determined by the time constant of high
voltage power supply 52. The discharge rate on the other
hand is delcrmined by the resistance of load 26. 11 15 to be
understood that when only column or tube 18 is present, the
fall time is determined by the time constant of the discharge
across tubc 18, which varies with tube dimensions and buffer
concentration. When the resistance of load 26 1s much Jower
han that of tube 18, the discharge ratc will be dominated by
he time constlant determined by load 26. Therefore, usc of
load 26 will produce shorter, more uniform injections.

By interlocking the power supply 10 plexiglass box 54,
which isolates the anodic high voltage end 56 of the power
supply, safety for the operator is obtained. In other words,
any handling of container 58, capillary tube 18 (at least at s
anodic high voltage end 56), will disable electrical power to
plexiglass box 4.

Once a sample is injecled into tube 18, detector 20 is
powered, and A/D converter 22 and 24 are made rcady.
Another feature 1o enhance the reliability and cfiiciency of
the system is to stabilize the output power of laser 34. This
stabilization is accomplished by feedback control Irom
power stabilizer 38 which determines the stability ol back-
ground fluorescence, which in tumm are dependent on the
stability of the light source and the intensity of fluorescence.
Although power stabilizer 38 does reduce laser powcr
significantly using short focal-length focusing lens 40, it 1s
possible to focus to a spot less than 15 micromelers 1n
diameter on tube 18.

Stabilization of laser 34 increases the dynamic reserve by
over 10°. Becausc this allows reliable detection of very
small detection volumes in tube 18, this resulis in very high
mass sensitivity for detector 20.

Concurrently, improved dynamic reserve [also gives] can
also give significant improvement in separation efiiciency.
The increase in dynamic reserve allows use of more dilute
samples, decrcasing sample loading, since the major 1onic
component in the electrophoretic buffer solution 16 must be
the floraphore used 1o provide the signal.

The system is then operated and fluorescence is collected
perpendicular to the plane containing laser beam 36. In onc
preferred embodiment and method of operation described
here, salicylate fluorescence is isolated by interference filter
48 at 405.1 nm. As a sample electromigrates down tube 18,
this fluorescence is monitored. Until the sample reaches
detector 20, a constant background signal is deteclied. When
the sample reaches detector 20, the interaction with [fluo-
rophor] fluorophore will result in either displacement (for
ions of like charge) or ion-pairing (for oppositely charged
ions) with [fluorophor.] flucrophore. The signal produced 1s
thus independent of the spectral properties of the analyte
molecule and combines the innate sensitivity of the fluores-
cence lechnigue with a much broader spectrum of analysis.

Either a chart recorder or computer 24 monitors the signal
and makes a record of it for derivation of ultimate results. It
is 10 be understood that computer 24 can also bc pro-
grammed to perform digital data operations according to
desire.

The included preferred embodiment is given by way of
example only, and not by way of limitation to the imnvention,
which is solely described by the claims herein. Variations
obvious 1o one skilled in the art will be included within the
invention defined by the claims. It can therefore be seen the
invention achieves at least all of its stated objectives.

What 1s claimed 1s:
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1. A means for capillary zone electrophoresis with laser-
induced indirect fluorescence detection comprising:

a capillary zone electrophoresis sysiem including a cap-
illary tube means having an anodc and a cathode end,
power means for imposing an electrical field upon the
capillary tube means, [spccimen] sample mecans for
supplying [specimen] sample to the capillary tube
means, buffer means for supplying buffer to the capil-
iary tube means;

an indirect fluorescence detection system including a laser
means for directing a laser bcam upon a selected
portion of the capillary tube means, a detector means
for detecting fluorescence indirectly from the selected
portion of the capillary tubc means, the buffer contain-
ing as a principal component a fluorescing portion
which fluoresces upon imposition of the laser beam and
which allows indirect fluorescence detection by caus-
ing one of the sct of displacement and ion-pairing of the
sample and the [electrophoresis] fluorescing portion of
the buffer without labeling the sample with [an elec-
trophoretic] a fluorescing portion, the detector measur-
ing a signal independent of the spectral properties of
the sample but related to fluorescing changes caused by
the displacement or ion-pairing which indirectly allows
sensitive detection of constituent components of the
[specimen] sample during the electrophoresis process;
and

an interlock and timing means associated with the power

means for controlling the periods of time the electrical
field is created.

2. The means of [claim 22] claim ! wherein the interlock
and timing means includes salcty means for disconnecting
clectrical power {rom the sysiem.

3. A means for capillary zone electrophoresis with laser-
induced indirect fluorescence detection compnising:

a capillary zone electrophoresis system including a cap-
illary tube means having an anode and a cathode end,
power means for imposing an electrical field upon the
capillary tube means, [specimen] sample means for
supplying [specimen] sample to the capillary tubc
means, buffer means for supplying bulfer to the capil-
lary tube means;

an indirect fluorescence detection system including a laser
means for directing a laser beam upon a selected
portion of the capillary tube means, a deteclor means
for detecting fluorescence indirectly from the selected
portion of the capillary tube means, the buffer contain-
ing as a principal component a fluorescing portion

~ which fluoresces upon imposition of the laser beam and
which allows indirect fluorescence detection by caus-
ing one of the set of displacement and ion-pairing of the
sample and the [electrophoresis] fluorescing portion ot
the buffer without labeling the samplc with [an elec-
trophoretic] a fluorescing portion, the detector measur-
ing a signal independent of thc spectral propertics of
the sample but related to fluorescing changes caused by
the displacement or ion-pairing which indirectly allows
sensitive detection of constituent components of the
[specimen] sample during the electrophoresis process;
and

a shunting resistor means electrically connected between
the power means and the anode end of a capillary tube
means.

4. A means for capillary zone electrophoresis with laser

induced indirect fluorescence detection comprising:

a capillary zone electrophoresis system including a cap-
illary tube means having an anode and a cathode end,
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power means for imposing an electrical field upon the
capillary tubc means, [specimen] sample means for
supplying [spccimen] sample to the capillary tubc
means, buffer means for supplying buffer to the capil-
lary tube means;

an indirect fluorescence detection system including a laser
means for directing a laser beam upon a selected
portion of the capillary tube means, a detector means
for detecting fluorescence indirectly from the selected
portion of the capillary tube means, the buffer contain-
ing as a principal component a f{luorescing portion
which fluoresces upon imposition of the laser beam and
which allows indirect fluorescence detection by caus-
ing one of the set of displacement and ion-paining of the
sample and the [electrophoresis] fluorescing portion of
the buffer without labeling the sample with [an elec-
trophorctic] a fluorescing portion, the detector measur-
ing a signal independent of the spectral properties of
the sample but related to fluorescing changes caused by
. the displacement or ton-pairing which indirectly allows
sensitive detection of constituent components of the
[specimen] sample during the electrophoresis process:.
and

a power stabilizing mcans positioned between the laser
means and the capillary tube means for stabilizing the
laser beam.

3. A means for capillary zone electrophoresis with laser

imduced indirect fluorescence detection comprising:

a capillary zone electrophoresis system including a cap-
illary tube means having an anode and cathode end,
power means for imposing an electrical field upon the
capillary tube means, [specimen] sample means for
supplying [specimen] sample to the capillary tube
means, butfer means for supplying buffer to the capil-
lary tube means;

an indirect fluorescence detection system including a laser
mecans for directing a laser beam upon a selected
portion of the capillary tube means, a detector means
for detecting fluorescence indirectly from the selected
portion of the capillary tube means, the buffer contain-
ing as a principal component a fluorescing portion
which fluoresces upon imposition of the laser beam and
which allows indirect fluorescence detection by one of
the set displacement and ion-pairing of the sample and
the [electrophoresis} fluorescing portion of the buffer
without labeling the sample with [an electrophoretic] a
fluorescing portion, the detector measuring a signal
independent of the spectral properties of the sample but
related to fluorescing changes caused by the displace-
ment or 10on-pairing which indirectly allows sensitive
detection of constituent components of the [specimen]
sample during the electrophoresis process; and

an 1maging means between the capillary tube means and
the detector means for collecting an imaging fluores-
cence upon the detector means emanating from capil-
lary tube means where the laser means has been
directed.

6. A means for capillary zone electrophoresis with laser

induced 1ndirect fluorescence detection comprising:

a capiliary zone electrophoresis system including a cap-
illary tube means having an anode and a cathode end,
power means for imposing an electrical field upon the
capillary tube means, [specimen] sample means for
supplying [specimen] sample to the capillary tube
means, bufter means for supplying buffer to the capil-
lary tube means;

10

an indirect fluorescence detection system including a laser
means for directing a laser beam upon a selected

portion of the capillary tube means, a detector means

for detecting fluorescence indirectly from the selected

5 portion of the capillary tube means, the buffer contain-
ing as a pnncipal component a fluorescing portion
which fluoresces upon imposition of the laser beam and
which allows indirect fluorescence detection by caus-
ing one of the set of displacement and ion-pairing of the
sample and the [electrophoresis] fluorescing portion of
the buffer without labeling the sample with [an elec-
trophoretic] a fluorescing portion, the detector measur-
ing a signal independent of the spectral properties of
the sample but related 1o fluorescing changes caused by
the displacement or ion-pairing which dircctly allows
sensitive delection of constituent components of the
Ispecimen]} sample during the electrophoresis process;

and

a filtering means in position between the capillary tube
means and the detector means, the filiering mcans
including a spatial filter.

7. A means for capillary zone electrophoresis with laser

induced indirect fluorescence detection comprising:

A capillary zone electrophoresis system including a cap-
illary tube means having an anode and a cathode end,
power means for imposing an electrical field upon the
capillary tube means, [specimen] sample means for
supplying [specimen] sample to the capillary tube
means, buller means for supplying buffer to the capil-
lary tube means;

an indirect fluorescence detection system including a laser
means for directing a laser beam upon a selected
portion of the capillary tube means, a detector means
for detecting fluorescence indirectly from the selected
portion of the capillary tube means, the buffer contain-
ing as a principal component a fluorescing portion
which fluoresces upon imposition of the laser beam and
which allows indirect fluorescence detection by caus-
ing one of the set of displacement and ion-pairing of the
sample and the [electrophoresis] flucrescing portion of
the buffer without labeling the sample with [an elec-
trophoretic] a fluorescing portion, the detector measur-
ing a signal independent of the spectral properties of
the sample but related to fluorescing changes caused by
the displacement or ion-pairing which indirectly allows
sensitive detection of constituent components of the
[specimen] sampie during the electrophoresis process;
and

a filtering means in position between the capillary tube
means and the detector means, the fillering means
including an interference filter for selecting desired
fluorescence wavelengths to be passed to detector
means.

8. A method of improving the sensitivity of separation and

32 detection in capillary zone elecirophoresis with laser-in-

duced indirect fluorescence detection comprising the steps
of:

mixing an electrophoretic solution with a fluorescent
buffer solution to present a mixture;

10
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° presenting a mixture to a capillary tube of a capillary zone
clectrophoresis system;
directing a laser beam to a portion of the capillary tube,
the laser beam being stabilized before being directed to
65 a portion of the capillary tube;

indirecily detecting the fluorescence from the mixture
passing ihrough portions of the capiliary tube upon
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which the laser beam is imposed by measuring a signal
independent of the spectral properties of the mixture
but related to the change in fluorescence of the mixiure
relating to displacement or ion pairing of the electro-

12

(c) providing a buffer solution with a selected concentra-
rion of fluorescing ions,

(d) applying a high voltage through the capillary tube to
move the fluorescing ions of said buffer solution

phoretic solution and the fluorescent buffer solution; 5 through said capillary tube;
and (e) supplying the sample to the capillary tube filled with
detecting with high sensitivity, the constituent compo- the buffer solution;
nents of the electrophoretic solution by utilizing the (/) using a concentration of the fluorescing ions in the
indirect ﬂuorescil}g measurements and withpullabe!ing bufler at a level which generates detectable levels of
the ClCClI‘O]}h-OTCllC solution w1l¥1'a'ﬂu0rcscmg p{}fll{m. 10 displacement or ion-pairing of the analyte ions and the
9. A method of improving the sensitivity of separation and fluorescing ions, but which is diluted "t increase the
detection in capillary zonc electrophoresis with laser-in- efficiency of det::ectiﬂn'
duced indirect fluorescence detection comprising the steps T T L . .
of- (g) irradiating the fluorescing ions in the capillary tube
. : . . selected portion with a coherent radiation of a wave-
mixing an cli_:ctmphoreu(: SD]UE]DI’] with a[luorescent length effective to excite fluorescence in the fluorescing
buffer solulion {o present a mixture; ions: and
presenung a mixturc o a (faplllary tube of a capillary zone (h) detecting a change in the fluorescence emitted through
clectrophoresis system; the selected portion of the capillary tube, caused by
direcling a laser beam 10 a portion of the capillary tube, displacement or ion-pairing of the analyte and the
the laser beam being stabilized before being directed to ¢ fluorescing ions in the buffer solution.
a portion of the capillary tube; 12. The method of claim 11 wherein the sample contains
indirectly detecting the fluorescence from the mixture analyte ions that are naturally non-fluorescing.
passing through portions of the capillary tube upon 13. The method of claim 11 wherein the concentration of
which the laser beam is imposed by mcasuring a signal the fluorescing ions in the buffer is substantially less than

independent of the spectral properties of the mixiure 25 400 uM.

but related to the change in fuorescence of the mixture
relating to displacement or ion pairing of the electro-
phoretic solution and the fluorescent buffer solution;

detecting with high sensitivity, the constituent compo-
nents of the electrophoretic solution by utilizing the
indirect fluorescing measurements and without labeling
the electrophoretic solution with a fluorescing portion;
and

the laser-induced fluorescence from the mixture being

fillered spatially before detection.

10. A method of improving the sensitivily of separation
and detection in capillary zone electrophoresis with lascr-
induced indirect fluorescence detection comprising the sieps
of;

mixing an electrophoretic solution with a fluorescent
buffer solution 1o present a mixture;

presenting a mixture 10 a capillary tube of a capillary zone
electrophoresis system;

directing a laser beam to a portion of the capillary tube,
the laser beam being stabilized before being dirccted to
a portion of the capillary tube;

indirectly detecting the fluorescence from the mixture
passing through portions of the capillary tube upon
which the laser beam is imposed by measuring a signal
independent of the spectral properties of the mixture
but related to the change in fluorescence of the mixture
relating 10 displacement or ion pairing of the elcctro-
phorctic solution and the fluorescent buffer solution;

detecting with high sensitivity, the constituent compo-
nents of the electrophoretic solution by utilizing the
indirect fluorescing measurements and without labeling
the electrophoretic solution with a fluorcscing portion;

and

the laser-induced fluorescence of the mixture being inter-
face filtered before detection.
11. A method of capillary zone electrophoresis comprising
the steps of.

(a) providing a capillary tube with a selected portion
through which fluorescence can be detected;

(b) providing a sample of analyte ions in solution;

30

35

40

45

50

35

60

635

14. The method of claim 11 wherein the concentration of

the fluorescing ions in the buffer is approximately 50 uM.

15. A method of capillary zone electrophoresis comprising

the steps of.

(a) providing a capillary tube with a selected portion
through which fluorescence can be detected;

(b) providing a sample of analyte tons in solution;

(c) providing a buffer solution with a selected concentra-
tion of fluorescing ions,

(d) applying a high voliage through the capillary mbe (0
move the fluorescing ions of said buffer solution
through said capillary tube;

(e) supplying the sample to the capillary tube filled with
the buffer solution, wherein the ions interact with the
wall of the capillary tube to produce background noise;

(f) irradiating the fluorescing ions in the capillary tube
selected portion with a coherent radiation of a wave-
length effective 1o excite fluorescence in the fluorescing
[ons;

(g) detecting a change in the fluorescence emitted through
the selected portion of the capillary tube, caused by
displacement or ion-pairing of the analyte and the
fluorescing ions in the buffer solution; and

(h) prior to steps (d) through (g), silating the capillary
tube for the purpose of reducing interaction of ions with
the capillary tube wall, thereby decreasing the back-
ground noise, peak-broadening and long term dnft of
the separalion process.

16. A method of capillary zone electrophorests comprising

the steps of:

(@) providing a capillary tube with a selected portion
through which fluorescence can be defected,

(b) providing a sample of analyte ions in solution,

(¢) providing a buffer solution with a selected concentra-
tion of fluorescing ions,

(d) applying a high voltage through the capilliary tube to
move the fluorescing tons of said buffer solution
through said capillary tube;

(e) supplying the sample 10 the capillary tube filled with
the buffer solution;
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(f) using a concentration of the fluorescing ions in the
buffer which is substantiaily lower than 400 uM 1o
increase the efficiency of detection;

(g) irradiating the fluorescing ions in the capillary tube
selected portion with a coherent radiation of a wave- 5
length effective to excite fluorescence in the fluorescing
lons; and

(h) detecting a change in the fluorescence emitted through
the selected portion of the capillary tube, caused by
displacemen! or ion-pairing of the analyte and the 10
fluorescing ions in the buffer solution.

17. A system for capillary zone electrophoresis compris-

mng:

{a) a capillary tube with a selected portion through which
fluorescence can be detected, (5

(b) a sample of analyte ions in solution;

(c) a buffer solution with fluorescing ions at a concentra-
iton which generates detectable levels of displacement
or ion-pairing of the analyte ions and the fluorescing
ions, but which fluorescing ion concentration is diluted 20
lo increase the efficiency of detection;

(d) means for applying a high voltage through the cap-
tiary tube to move the fluorescing ions of said buffer
solution through said capillary tube;

(e) means for supplying the sample 10 the capillary tube 25
filled with the buffer solution;

(/) laser means for irradiating the fluorescing ions in the
capillary tube selected portion with a coherent radia-
tion of a wavelength effective to excite fluorescence in

the fluorescing ions; and 30

(g) means for detecting a change in the fluorescence
emitted through the selected portion of the capillary
tube, caused by displacement or ion-pairing of the
analyte and the fluorescing ions in the buffer solution.

18. The system of claim 17 wherein the concentration of

the fluorescing ions in the buffer is substantially less than
400 uM.

19. The system of claim 17 wherein the concentration of

the fluorescing ions in the buffer is approximately 50 uM.

20. A system jfor capillary zone electrophoresis compris-

ing:

(a) a capillary tube with a selected portion through which
fluorescence can be detected,;

(b) a sample of analyte ions in solution; 45

(¢) a buffer solution with fluorescing ions wherein the
concentration of the fluorescing ions used is substan-
tially less than 400 uM, to increase the efficiency of
delection;

(d) means for applying a high voltage through the cap- 30
illary tube to move the fluorescing ions of said buffer
solution through said capillary tube;

(e) means for supplying the sample to the capillary tube
filled with the buffer solution;

() laser means for irradiating the fluorescing ions in the
capillary tube selected portion with a coherent radia-
tion of a wavelengih effective to excite fluorescence in
the fluorescing ions; and

(g) means for detecting a change in the fluorescence ¢
emitted through the selected portion of the capillary
tube, caused by displacement or ion-pairing of the
analyte and the fluorescing ions in the buffer solution.

21. A method of capillary zone electrophoresis for detect-

ing a biochemical substance comprising the steps of: 65

(@) providing a capillary tube with a selected portion
through which fluorescence can be detected;

35

40

23

14

(&) providing a sample comprising biochemical analyte
ions in solution;

(c) providing a buffer solution with a selected concentra-
tion of fluorescing ions;

(d) applying a high voliage through the capillary tube to
move the fluorescing ions of said buffer solution
through said capillary tube;

(e) supplying the sample to the capillary tube filled with
the buffer solution;

(f} wrradiating the fluorescing ions in the capillary tube
selected portion with a coherent radiation of a wave-
length effective to excite fluorescence in the fluorescing
ions; and

(g) detecting a change in the fluorescence emitted through
the selected portion of the capillary tube, caused by
displacement or ion-pairing of the analvie and the
fluorescing ions in the buffer solution.

22. The method of claim 21 wherein the concentration of
the fluorescing ions in the buffer used is at a level which
generates detectable levels of displacement or ion-pairing of
the analyte ions and the fluorescing ions, but which is
minimized to increase the efficiency of detection.

23. The method of claim 21 wherein the biochemical
substance is selected from a group consisting of nucleic
acids, peptides, nucleotides, fatty acids, sugars, glvcolytic
intermediates, as well as combinations and compounds

thereof.
24. The method of claim 21 wherein the biochemical

substance is naturally non-fluorescing.
23. A sysiem for detecting a biochemical substance using
capillary zone electrophoresis comprising:

(a) a capillary tube with a selected portion through which
fluorescence can be detected;

(b) a sample comprising biochemical analyte ions in
solution;

{c) a bujfer solution with a selected concentration- of
fluorescing ions;

(d) means for applying a high voltage through the cap-
iary tube to move the fluorescing ions of said buffer
solution through said capiliary tube;

(¢) means for supplying the sample 10 the capillary tube
filled with the buffer solution;

(f) laser means for irradiating the fluorescing ions in the
capillary tube selected portion with a coherent radia-
tion of a wavelength effective to excite fluorescence in
the fluorescing ions; and

(g) means for detecting a change in the fluorescence
emitted through the selected portion of the capillary
tube, caused by displacement or ion-pairing of the
analyte and the fluorescing ions in the buffer solution.

26. The system of claim 25 wherein the concentration of
the fluorescing ions in the buffer is used at a level which
generates detectable levels of displacement or ion-pairing of
the analyte Ions and the fluorescing ions, but which is
minimized to increase the efficiency of detection.

27. The system of claim 25 wherein the conceniration of
the fluorescing ions in the buffer is used at a level which is
substantially lower than 400 uM to increase the efficiency of
detection.

28. A method of capillary zone electrophoresis for detect-
ing a cell comprising the steps of:

(a) providing a capillary tube with a selected portion

through which fluorescence can be detected;

(b) providing a sample comprising analyte ions of the cell
in solution;
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(c) providing a buffer solution with a selected concentra-
tion of fluorescing ions;

(d) applying a high voltage through the capillary tube to
move the fluorescing ions of said buffer solution
through said capillary tube; .

(e) supplying the sample 1o the capillary tube filled with
the buffer solution;

(f) irradiating the fluorescing ions in the capillary tube
selected portion with a coherent radiation of a wave-
length effective to excite fluorescence in the fluorescing
ions, and

(g) detecting a change in the fluorescence emitted through
the selected portion of the capillary tube, caused by
displacement or ion-pairing of the analyle and the |5
fluorescing ions in the buffer solution.

29. The method of claim 28, wherein the concentration of
the fluorescing ions in the buffer is used at a level which
generates detectable levels of displacement or ion-pairing of
the analyte ions and the fluorescing ions, but which is diluted 5
to increase the efficiency of detection.

30. The method of claim 28, wherein the cells are ana-
lyvzed in vivo.

31. A method of capillary zone electrophoresis for detect-
ing a biotechnical material selected from the group constst- s
ing of bacterium and virus, the method comprising the steps

of.

16

(@) providing a capillary tube with a selecied portion
through which fluorescence can be detected;

(b) providing a sample comprising analyte ions of the
biotechnical material in solution;

(c) providing a buffer solution with a selected concentra-
tion of fluorescing tons;

(d) applying a high voliage through the capillary tube to
move the fluorescing ions of said buffer solution
through said capillary tube;

(e) supplying the sample to the capillary tube filled with
the buffer solution;

(f) irradiating the fluorescing ions in the capillary tube
selected portion with a coherent radiation of a wave-
length effective to excite fluorescence in the fluorescing

ons; and

(g) detecting a change in the fluorescence emiited through
the selected portion of the capillary tube, caused by
displacement or ion-pairing of the analyte and the
fluorescing ions in the buffer solution.

32. The method of claim 31 wherein the concentration of

the fluorescing ions in the buffer is used at a level which
generates detectable levels of displacement or ion-pairing of
the analyte ions and the fluorescing ions, but which s
minimized to increase the effictency of detection.

* %k ok ok
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