W AP0 A A O
US 20050148010A1
a9 United States

a2 Patent Application Publication (o) Pub. No.: US 2005/0148010 A1
Ward et al. (43) Pub. Date: Jul. 7, 2005

(549) TRACER REAGENTS THAT ENHANCE Related U.S. Application Data
REACTION-PRODUCT ANALYSIS
(62) Division of application No. 09/610,935, filed on Jul.
(75) Inventors: Brian W. Ward, St. Louis, MO (US); 6, 2000.
David M. Ornitz, Creve Couer, MO
(US); Michael G. Deines, Ballwin, MO (60) Provisional application No. 60/143,009, filed on Jul.
(US); Thomas F. Bittick, Kirkwood, 9, 1999.
MO (US)
Publication Classification
Correspondence Address:

SENNIGER POWERS LEAVITT AND (51) Int. CL7 oo C12Q 1/68; C12P 19/34
ROEDEL (52) US.Cl e, 435/6; 435/91.2
ONE METROPOLITAN SQUARE (57) ABSTRACT

16TH FLOOR . . . .
ST LOUIS, MO 63102 (US) A composition suitable for formulation of an enzymatic

reaction mixture, the composition comprising a reaction

(73) Assignee: Sigma-Aldrich Co., St. Louis, MO (US) component essential for an ex-vivo non-polymerase enzy-
’ ’ matic reaction in which a substrate is catalyzed by an

(21) Appl. No.: 11/058,663 enzyme in a reaction mixture to form a product, and a tracer
compatible with the enzyme, the composition being sub-
(22) Filed: Feb. 15, 2005 stantially free of the substrate.

Assemble Reaction Components
(enzyme, buffer, DNA, RNA, substrates etc.)

Perform Reaction
(thermocycling,
isothermal incubation etc.)

l

Add Analysis Reagents
- (e.g. high density
tracking dye/tracer
buffer etc.)
Perform Analysis
i (e.g. electrophoresis etc.)

Continue to Downstream Application(s)
(e.g. cloning, transformation,
product work-up etc.)



Patent Application Publication Jul. 7,2005 Sheet 1 of 18 US 2005/0148010 A1

FIG. 1
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FIG. 2
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Physical characteristics (e.g. high density to
enable gel loading, colored to visualize gel
loading, anionic chromophore to track
electrophoresis progress, color (if desired)).

Assemble collection of reagents for
screening (e.g. collect a large sampling of
anionic dyes).

Screen molecules for compatibility. The
screening might be best carried out by
prioritizing the desired properties from least
to most laborious (e.g see red Taq Scheme
5).

Formulate reagent, characterize reaction
products (qualitative and quantitative).
Optimize other reaction components for
perturbation (if necessary). Final
characterization (reaction product quality and
quantity) and limitations (e.g. incompatible
with specific downstream applications)
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FIG. 5

Physical characteristics. _

High density to enable gel loading- formulate enzyme dilute enough so that enough
glycerol will be contained in a 2.5 unit per 50 microliter reaction.

Colored to visualize gel loading and act as a tracking dye- red anionic water and
ethanol soluble dyes were sought. l

Assemble collection of reagents for screening - 40 anionic “red” (lambda max =450-
550) dyes were selected as candidates. l

Screen molecules for compatibility-summarized in Figure 1. The dyes were
scruinized in the order: :

1. Color (too yellow or purple thrown out)

2. Ethanol precipitation (colored DNA pellets thrown out)

3. Chaotropic salt/silica DNA purification (colored product thrown out)

4. PCR toxicity (Figure 2, low or no yield thrown out).

5. Ligase toxicity (Figure 3, low or no yield thrown out).

6. Transformation toxicity (Figure 4, low or no yield thrown out).

7. Remaining dyes more or less equivalent, submit to marketing for color selection.

l

Fofmulate reagent- 80% acid red 1, 20% acid violet 5 (100%= absorbance of acid red
1 at lambda max + absorbance of acid violet 5 at lambda max.) to absorbance total
=300 in Tag DNA polymerase at 1 unit per microliter in Taq storage buffer (20 mM
Tris- HCI, pH 8.0, 100 mM KCI, 0.1 mM EDTA, 1 mM DTT, 0.5% Tween 20, 0.5%
Igepal CA- 630, 50% glycerol)

Characterize reaction products-product yields low relative to absence of dye
reactions (Figure 5). Dye purity (Figure 6) and counter ion identity (Figure 7)
investigated for PCR tox:cuty/compatlbmty Purified Mg acid red 1 and Mg Acid violet 5
found to be satisfactory.

Optimize other reaction components- Mg dyes contribute approximately 0.4 mM
“free” Mg to PCR (Figure 8), 10X PCR buffer adjusted from 15 to 11 mM to
accommodate Mg dye contribution. Final characterization- quality: gel (Figure 9),
quantity (Figure 10). Limitations- will test with a panel of restriction enzymes, does not
impact fluorescent sequencing.
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FIG. 6

DYE SELECTION SUMMARY
220r

NUMBER OF DYES

20

10

A

CRITERION

430-570 nm-visible absorption max.

Anionic-anionic dyes

Color-not too yellow/orange or purple

EtOH ppt. did not co-precipitate with DNA .
Chaotropic salt/silica purifacation (Qiagen PCR columns)-isolated
DNA was colorless

PCR Tox.-little impact upon *? P PCR product yield

Lig. Tox.-little to no effect upon ligation of lambda Pstl fragments
Trans. Tox.-no effect upon ligation/transformation of EcoRI-pUC19
PCR Sens.-amplification similar to no dye as a function of template
concentration.

shade-marketing
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FIG. 7
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SAMPLE

: 20 cycle yield (ng, %)
3 per cycle yield (percent)

T1, T2 and T3= Taq controls (no dye) as in block and precipitation,
numerals are dye number.

per cycle yield calculated assuming y2o =y,2° where y is the 20 cycle
yield (measured)and y1 is the per cycle yield.

Dye y(20%) Y1(%)

23 9.04 853
24 841  99.1
25 889  99.4
26 746 985
31 856  99.3
39 824  99.0
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FIG. 8
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FIG. 10
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FIG. 12B
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FIG. 13
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FIG. 14




Patent Application Publication Jul. 7, 2005 Sheet 16 of 18 US 2005/0148010 A1

FIG. 15
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FIG 7
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TRACER REAGENTS THAT ENHANCE
REACTION-PRODUCT ANALYSIS

REFERENCE TO RELATED APPLICATIONS

[0001] This application is a divisional of U.S. patent
application Ser. No. 09/610,935, filed Jul. 6, 2000, which
claims priority from U.S. Provisional Patent Application Ser.
No. 60/143,009 filed Jul. 9, 1999, the content of each of
which is hereby incorporated by reference.

BACKGROUND OF THE INVENTION

[0002] The present invention generally relates to reagents
that are essential for an enzymatic reaction and that enhance
reaction-product analysis. In specific, preferred embodi-
ments, the invention provides compositions of essential
components which facilitate subsequent chromatographic or
electrophoretic analysis.

[0003] Enzymes are frequently used in laboratories to
catalyze a variety of transformations. Typical enzymes
which have been utilized include proteases, peroxidases,
oxidases, kinases, amylases, and several nucleic acid modi-
fying enzymes such as DNA polymerases, RNA poly-
merases, ligases, kinases, restriction endonucleases, phos-
phodiesterases, DNases, exonucleases, RNases, and
phosphatases. The nucleic acid-modifying enzymes have
been frequently used in molecular biology laboratories as
part of procedures such as polymerase chain reaction
(“PCR”), sequencing, southern hybridization analysis,
restriction endonuclease analysis, RNase protection, and the
production of labeled probes.

[0004] The steps involved in performing an enzyme cata-
lyzed transformation can generally be categorized as reac-
tion mixture formulation, enzymatic reaction, reaction prod-
uct characterization, and reaction product use. The steps of
mixture formulation, product characterization, and product
use are labor intensive. The formulation of enzyme reaction
mixtures entails combining reaction components which are
essential for the enzymatic reaction into a reaction mixture.
The reaction mixture is then incubated under conditions
favorable for the enzymatic reaction to take place, and for a
time sufficient to allow the enzymatic reaction to proceed
substantially to completion. The reaction mixture is typi-
cally analyzed to evaluate the characteristics of the products
formed. This analysis often entails a chromatographic or
electrophoretic procedure to separate and evaluate the reac-
tion products, and to determine whether the enzymatic
reaction has proceeded to completion. Downstream appli-
cations entail a wide variety of varied uses for the products
of enzymatic reactions, such as utilization in manufacturing,
and further processing of the product with enzymes or
chemical processes. In the case of molecular biological
enzymatic reactions, examples of downstream applications
are transformation of prokaryotic or eukaryotic cells, detec-
tion of complementary sequences by southern or northern
hybridization, sequencing, phosphorylation, dephosphoryla-
tion, ligation, restriction digestion, endonucleolytic diges-
tion, exonucleolytic digestion, and purification.

[0005] Procedures such as liquid chromatography and
polyacrylamide gel electrophoresis (“PAGE”) have been
frequently used to analyze the results of the enzymatic
reactions by separating the reaction products by, for
example, molecular weight. The results of the modification
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of nucleic acids by enzymes such as DNA polymerase have
typically been analyzed by subjecting the reaction products
to electrophoresis through polyacrylamide or agarose gels.

[0006] To analyze enzymatic reaction products using
chromatography or electrophoresis, the sample to be ana-
lyzed has often been combined with components which
assist the operator in performing the separation. One such
component is a “tracer”, which is a detectable moiety such
as a dye which is generally added to the sample immediately
before loading the sample onto the chromatography column
or electrophoresis gel. The tracer migrates in the medium in
the same direction as the sample to indicate the progress of
the separation.

[0007] Another reagent, termed “high density agent”
herein, has also been commonly utilized in electrophoretic
analysis of the enzymatic reaction products. High density
agents are generally water soluble, dense liquids, such as a
solution of sucrose or glycerol, which have been mixed with
the sample, usually after the enzymatic reaction is complete,
to increase the sample density. The increased density of the
sample resulting from mixing the sample with the high
density agent aids, for example, in loading the sample into
a well of an electrophoresis gel by allowing the sample,
when pipetted into the top of the well, to “fall” through the
less-dense electrophoresis buffer solution to the bottom of
the well.

[0008] High density agent and tracer have been combined
with reaction product-containing samples to be electro-
phoretically separated. The combination of high density
agent and tracer is generally termed “loading buffer”.

[0009] While tracers and loading buffers have usually
been mixed with the sample after the enzymatic reaction is
complete, as diagramed in FIG. 1, their use before the
commencement of nucleic acid-modifying enzymatic reac-
tions is also known, as diagramed in FIG. 2. Hoppe et al.,
BioTechniques 12: 679-680 (1992) describe combining a
solution of sucrose (up to 30%) and certain dyes (cresol red,
tartrazine, or yellow food coloring #5) with an enzyme
reaction mixture containing all other components for PCR.
After the PCR procedure, the samples were reportedly
loaded directly onto an agarose gel for electrophoretic
analysis. The authors noted that several dyes and heavy
components were inhibitory to the Taq polymerase enzyme
used, but that sucrose, cresol red, tartrazine, and yellow food
coloring #5 were compatible with Taq.

[0010] Certain commercially available products provide
tracer or loading buffer for use in enzyme reaction mixes for
PCR. A thermostable polymerase preparation, Red Hot DNA
Polymerase, is available from Advanced Biotechnologies
and reportedly contains a red dye for use to indicate enzyme
addition in the enzyme reaction mixture. There are also two
products available which comprise a red tracer and a high
density agent, for addition to a PCR reaction mixture before
amplification. One, called Rediload, is available from
Research Genetics, Inc., and the other, called Rapid-Load™,
is available from OriGene Technologies. These reagents
must be added to the reaction mixture in a separate pipetting
step.

SUMMARY OF THE INVENTION

[0011] Despite the efforts and improvements made in the
prior art, inefficiencies in reaction mixture formulation and
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reaction product analysis still exist. In particular, there is no
product to date which combines an essential component for
an enzyme reaction with a tracer and/or high density agent
which can be used in an enzymatic reaction and provide
sufficient tracer and/or high density agent such that the
product of the enzyme reaction could be directly evaluated
in a chromatographic or electrophoretic procedure without
supplying additional tracer or high density agent. Such a
product (“analysis reagent composition”) would provide
additional advantages over the products currently available
because it would (1) indicate reagent addition into the
enzymatic reaction mix, and (2) eliminate the need for
separately adding a loading buffer since the loading buffer
components are added along with the essential reagent.

[0012] Among the several objects of the invention, there-
fore, is the provision of compositions for use in formulating
enzymatic reaction mixtures that offer improved efficiencies
in connection with the labor intensive protocols for reaction
mixture formulation, and reaction product characterization.

[0013] The invention is thus generally directed to the
provision of a composition comprising an essential compo-
nent of an enzymatic reaction combined with a tracer which
is compatible with the enzyme, where the composition
contains an essential absence of the substrate. The compo-
sition can have a density at least about 1.01 g/cm?. This
composition is particularly useful for any enzyme reaction
where post-reaction processing or analysis is benefited by
the tracer and/or increased density of the reaction mixture.
In particular, such compositions for polymerase and restric-
tion enzyme reactions are provided, where the presence of
the tracer and/or increased density is useful for post-reaction
electrophoretic analysis. Methods for using these composi-
tions, and methods for preparing these compositions are also
provided.

[0014] The invention is directed, therefore, to a composi-
tion which is suitable for formulation of an enzymatic
reaction mixture, the composition comprising a reaction
component essential for an ex-vivo non-polymerase enzy-
matic reaction in which a substrate is catalyzed by an
enzyme in a reaction mixture to form a product, and a tracer
compatible with the enzyme, wherein the composition is
substantially free, or has an essential absence, of the sub-
strate. These compositions can further comprise a density of
at least about 1.01 g/cm®.

[0015] The present invention is also directed toward a
composition comprising a reaction component essential for
an ex-vivo enzymatic reaction in which a substrate is
catalyzed by an enzyme in a reaction mixture to form a
product and a tracer compatible with the enzyme, the
composition being substantially free or having an essential
absence of the substrate and having an optical density
greater than about 5 at a visible wavelength of maximal
tracer absorbance.

[0016] The present invention is further directed toward a
composition comprising a reaction component essential for
an ex-vivo polymerase reaction in which a nucleic acid
polymer product complementary to a nucleic acid polymer
template is prepared, and a tracer compatible with the
polymerase, the composition being substantially free or
having an essential absence of the template and has an
optical density greater than about 5 at a visible wavelength
of maximal tracer absorbance. These compositions can also
comprise a density of at least about 1.01 g/cm®.
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[0017] The present invention is still further directed
toward a composition for an enzymatic reaction component
which comprises a reaction component essential for an
eX-Vvivo enzymatic reaction in which a substrate is catalyzed
by an enzyme in a reaction mixture to form a product, and
an alkaline earth-metal salt of an anionic tracer.

[0018] The present invention is also directed toward a
composition which comprises a reaction component essen-
tial for an ex-vivo enzymatic reaction in which a substrate is
catalyzed by an enzyme in a reaction mixture to form a
product, and a tracer selected from the group consisting of
acid red 106, acid red 4, acid red 1, amaranth, and acid violet
5, or a salt thereof.

[0019] The present invention is further directed toward a
composition comprising a reaction component essential for
an ex-vivo enzymatic reaction in which a nucleic acid
polymer substrate is enzymatically cleaved by a restriction
enzyme in a reaction mixture to form a restriction product,
and a tracer compatible with the restriction enzyme, wherein
the composition contains an essential absence of the sub-
strate. These compositions can also comprise a density of at
least about 1.01 g/cm>.

[0020] The present invention is still further directed
toward an improvement in a method for a polymerase
reaction that comprises forming a reaction mixture compris-
ing a polymerase, a nucleic acid polymer template, a tracer
compatible with the polymerase, and other components
essential for the polymerase reaction, creating a nucleic acid
polymer product complementary to the nucleic acid by
enzymatic reaction, analyzing the product of the enzymatic
reaction by an electrophoretic protocol, and observing the
tracer during the electrophoretic protocol without providing
additional tracer beyond that which was included in the
reaction mixture. The improvement comprises supplying the
tracer to the reaction mixture in a composition that com-
prises the tracer and the enzyme or another essential com-
ponent, the composition being substantially free or having
an essential absence of the nucleic acid polymer template. A
further improvement is in the reaction mixture having a
density at least about 1.01 g/cm>.

[0021] The present invention is further directed toward an
improvement in a method for a polymerase reaction that
comprises forming a reaction mixture comprising a poly-
merase, a nucleic acid polymer template, a tracer compatible
with the polymerase, and other components essential for the
polymerase reaction, creating a nucleic acid polymer prod-
uct complementary to the nucleic acid by enzymatic reac-
tion, analyzing the product of the enzymatic reaction by an
electrophoretic protocol, and observing the tracer during the
electrophoretic protocol. The improvement comprises sup-
plying the tracer to the reaction mixture in a composition
that comprises the tracer and the enzyme or another essential
component, the composition being substantially free or
having an essential absence of the nucleic acid polymer
template, wherein the tracer supplied to the reaction mixture
is of adequate character and sufficient quantity to be visible
during the electrophoretic protocol.

[0022] The present invention is also directed toward a
method for a restriction enzyme reaction, the method com-
prising forming a reaction mixture comprising a restriction
enzyme, a nucleic acid polymer substrate, a tracer compat-
ible with the restriction enzyme, and other components
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essential for the enzymatic reaction, enzymatically cleaving
the nucleic acid polymer substrate to form a restriction
product, analyzing the product of the cleavage reaction by an
electrophoretic protocol, and observing the tracer during the
electrophoretic protocol without providing additional tracer
beyond that which was included in the reaction mixture. The
density of the reaction mixture can also be at least about 0.01
g/cm greater than the liquid phase utilized in the chromato-
graphic or electrophoretic protocol.

[0023] The present invention is also directed toward a
method for a restriction enzyme reaction, the method com-
prising forming a reaction mixture comprising a restriction
enzyme, a nucleic acid polymer substrate, a tracer compat-
ible with the restriction enzyme, and other components
essential for the enzymatic reaction, enzymatically cleaving
the nucleic acid polymer substrate to form a restriction
product, analyzing the product of the cleavage reaction by an
electrophoretic protocol, wherein the tracer supplied to the
reaction mixture is of adequate character and sufficient
quantity to be visible during the electrophoretic protocol.

[0024] The present invention is further directed toward a
method for forming an enzymatic composition, the method
comprising combining a reaction component with a tracer,
the reaction component being essential for an enzymatic
reaction in which a substrate is catalyzed by an enzyme in
a reaction mixture to form a product, the tracer being
compatible with the enzyme, and the resulting composition
having an optical density greater than about 15 at a visible
wavelength of maximal tracer absorbance. A liquid which is
compatible with the enzyme can also be added, wherein the
liquid increases the density of the composition to at least
about 1.1 g/cm’.

[0025] The present invention is still further directed
toward a method for forming an enzymatic composition, the
method comprising combining a reaction component with a
tracer, the reaction component being essential for a poly-
merase reaction in which a nucleic acid product is polymer-
ized from a complementary nucleic acid template, the tracer
being compatible with the enzyme, and the resulting com-
position having an optical density greater than about 5 at a
visible wavelength of maximal tracer absorbance. A liquid
which is compatible with the enzyme can also be added,
wherein the liquid increases the density of the composition
to at least about 1.1 g/fcm’.

[0026] Other features, objects and advantages of the
present invention will be in part apparent to those skilled in
the art and in part pointed out hereinafter. All references
cited in the instant specification are incorporated by refer-
ence. Moreover, as the patent and non-patent literature
relating to the subject matter disclosed and/or claimed herein
is substantial, many relevant references are available to a
skilled artisan that will provide further instruction with
respect to such subject matter.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0027] The present invention provides compositions com-
prising an essential component to an enzyme reaction and a
tracer which can allow post-reaction analysis without further
tracer addition. These compositions (“analysis reagent com-
positions™) can also comprise a high density agent which can
eliminate the need for further addition of a high density
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agent during post-reaction analysis. Methods of using these
compositions, and methods of preparing them are also
provided.

[0028] Prior art methods of using loading buffer compo-
nents always added these components to the reaction mix-
ture, either before or after the enzymatic reactions are
executed. Such methods require an extra step to add the
loading buffer components. An improvement over the prior
art in the present invention is the provision of analysis
reagent compositions comprising an essential component for
an enzymatic reaction combined with the loading buffer
components. As diagrammed in FIG. 3, the approach of the
present invention offers further efficiencies that were not
achieved with prior art protocols. The loading buffer com-
ponents are passively added with the essential component,
thus eliminating the extra addition step required in the prior
art to add the loading buffer. In laboratories where many
enzyme reaction mixtures are prepared, the compositions
and methods of the present invention can thus eliminate a
considerable amount of work. These analysis reagent com-
positions are particularly useful for molecular biological
enzyme reactions, particularly polymerase reactions and
restriction enzyme reactions, since these reactions are often
repetitively performed under standardized conditions.

[0029] The procedures disclosed herein which involve the
molecular manipulation of nucleic acids are known to those
skilled in the art. See generally Joseph Sambrook et al.
(1989), “Molecular Cloning, A Laboratory Manual”, second
ed., Cold Spring Harbor Laboratory Press.

[0030] As used herein, the term “substrate” encompasses
a component of an enzymatic reaction mixture which is a
reactant in the reaction catalyzed by the enzyme. For
example, in a restriction enzyme reaction, the substrate is the
nucleic acid polymer which is cut by the enzyme. In a
polymerase chain reaction, the substrates include the primer
which is extended by the enzyme, and the nucleotides which
are added to the growing nucleic acid polymer.

[0031] The present invention provides compositions com-
prising a reagent which is essential for an enzymatic reaction
(“essential reagent”) and a tracer which is compatible with
the enzyme. A high density agent may also be included in
these compositions. Methods are also provided wherein the
compositions are used in an enzymatic reaction and the
results are subsequently analyzed by electrophoresis or
chromatography in a water soluble solvent.

[0032] The compositions and methods of the present
invention are useful in conjunction with any enzymatic
reaction where the reaction products are subsequently ana-
lyzed by a chromatographic or electrophoretic method.
Enzymes which can be employed include those which
modify or degrade proteins, lipids, carbohydrates, and
metabolites, such as any kinase, protease, lipase, amylase,
peroxidase, oxidase, oxygenase, and dehydrogenase.
Enzymes which modify, cut, or synthesize nucleic acids are
particularly suitable to be used with the present invention.
Examples include any ligase, phosphodiesterase, DNase,
exonuclease, RNase, phosphatase, kinase, terminal trans-
ferase, reverse transcriptase, restriction endonuclease, RNA
polymerase, and DNA polymerase. Enzymes which are
preferred for use with this invention are restriction endonu-
cleases and DNA polymerases. More preferred are DNA
polymerases; even more preferred are any thermostable
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DNA polymerase; most preferred is wild-type or modified
Taq polymerase. These enzymes can be in any concentration
which is useful for performing an enzymatic reaction. Pre-
ferred concentrations of Taq polymerase in the compositions
of the present invention are 0.033-10 units/ul, more pre-
ferred concentrations are 0.06-5 units/ul, the most preferred
concentration is 1 unit/ul. Preferred concentrations of
restriction endonucleases in the compositions of the present
invention are 0.1-1000 units/ul, more preferred concentra-
tions are 1-100 units/ul, most preferred concentrations are
5-40 units/ul.

[0033] Tracers which can be used in this invention include
detectable compounds which can be incorporated into the
reaction mixture and not interfere significantly with the
enzyme reaction. Such a tracer is designated herein as
“compatible” with the enzyme. It is preferred that this
compatibility be such that an enzyme composition with the
tracer has at least 95% of the activity of the same compo-
sition without the tracer. More preferably, the tracer-enzyme
composition has at least about 97% activity of the compo-
sition without the tracer, even more preferably at least about
99% activity, and most preferably about 100% activity. The
tracer should also be stable enough in the tracer-enzyme
composition to retain its compatibility with the enzyme even
after a long storage period at an appropriate temperature, .g.
1 year or more at -20° C.

[0034] The detectable signal imparted by the tracer can be
visual, such as that imparted by a dye or fluorescent com-
pound. The tracer can also impart a radioactive, electro-
chemical, spectrophotometric, or any other type of signal
which can be detected sensually or with an instrument and
which can serve as a useful marker in an analysis subsequent
to the enzyme reaction. Preferred are tracers which impart a
visual signal. The most preferred tracers are dyes which are
colored under the conditions that the analysis is performed.
Any color dye which is visible during the post-reaction
analysis can be used; preferred are dyes which have a peak
visible absorbance wavelength at between 430 and 617 nm;
most preferable dyes have a peak visible absorbance wave-
length at between 500 and 535 nm.

[0035] While any tracer compatible with the enzyme can
be useful in the present invention, preferred tracers are
highly soluble in the liquid phase of the post-reaction
chromatographic or electrophoretic procedure. The tracer is
preferably an anionic tracer. Particularly preferred tracers
are anionic tracers such as salts of organic acid dyes or
sulfonic acid dyes. The preferred salt counterion is an earth
metal, most preferably Ca™ or Mg**. Where the post-
reaction analysis is an electrophoresis of a nucleic acid,
preferred tracers are anionic dyes. Preferred concentrations
of the tracer in an analysis reagent composition are concen-
trations for which the composition has an optical density
(OD) of between about 5 and about 500; most preferred is
about 300. In enzyme reaction mixtures prepared from the
analysis tracer composition the preferred tracer concentra-
tion has an OD of between 1 and 100; more preferred is 15
to 50; most preferred is 15.

[0036] Commercial preparations of tracers are often
inhibitory to enzyme activity when used in the concentra-
tions recited above. This inhibition can often be overcome
by further purification of the tracer, for example by reverse
phase desalting, recrystalization, acid precipitation, or chro-
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matographic methods such as reverse phase, normal phase,
or ion exchange chromatography. Where the tracer is an
anion, such as disclosed in Example 1 below, enzyme
inhibition can also be overcome by replacing the counterion
with an alkaline earth-metal. Preferred alkaline earth-metals
for this purpose are Ca*™* and Mg**; most preferred is Mg*™*.

[0037] High density agents useful for the present invention
include any solute in which the tracer is soluble and which
is compatible with the enzyme when diluted in the final
reaction mixture, and which is dense enough to assist in the
addition of reaction mixture to the analytical process. To
provide such assistance, the density of the reaction mixture
should be at least about 0.01 g/cm> greater than the density
of the liquid phase of the analytical process (e.g. the elec-
trophoresis or chromatographic buffer). A somewhat higher
density (for example, about 0.05 g/cm® greater than the
analytical liquid phase) would provide greater assistance in
the addition of the reaction mixture, and is thus more
preferred. These densities may be provided using the pre-
ferred density of an essential enzyme component/tracer/high
density agent composition of about 1.14 g/cm’. Higher
densities are also useful, however, provided they are com-
patible with the enzyme at the concentration used in the
enzyme reaction.

[0038] Examples of solutes which are generally compat-
ible with enzymes at the concentrations required to provide
sufficient density are sucrose or other sugars, glycerol, and
betaine (trimethylglycine). Glycerol is preferred. Glycerol at
a concentration of 1.5% in water is about 0.01 g/cm® more
dense than water, and would thus provide assistance in
applying a sample to an analytical process where water is the
liquid phase. Glycerol at a concentration of 50% in water has
a density of about 1.14 g/cm® Thus, 50% glycerol is
preferred as the high density agent in an essential enzyme
component/tracer/high density agent composition.

[0039] A scheme which is useful for evaluating the com-
patibility and effectiveness of a tracer and/or high density
agent (“loading buffer component”) for this invention is
shown in FIG. 4. In this scheme, the desired physical
characteristics of the loading buffer component is deter-
mined. For example, the desired color and charge of a dye
to be used as a tracer is decided. Next, a set of candidates
(e.g. red, anionic dyes) is assembled for testing to evaluate
other desired properties (e.g. enzyme compatibility, lack of
interference in genetic transformation protocols, etc). The
candidates are then tested for these desired properties,
preferably by performing the least laborious tests first, in
order for the largest amount of undesirable candidates to be
eliminated by the least amount of screening. When desirable
loading buffer components are selected, the formulation of
loading buffer component and essential reagent is prepared,
and its effect on the enzyme reaction and subsequent analy-
sis is characterized.

[0040] Any essential reagent can be selected to be com-
bined with the loading buffer component to formulate a
composition of the present invention. The selection of an
essential reagent for this purpose can depend on factors such
as:

[0041] whether it is desired to be able to determine if
the essential reagent has been added to the enzyme
reaction mixture. For example, if the essential
reagent is an enzyme and the loading buffer compo-
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nent is a dye, then one can easily determine if the
enzyme has been added to the reaction mixture by
determining if the reaction mixture is colored.

[0042] whether the essential reagent might be added
at varying concentrations in several reaction mix-
tures, or whether there are alternative formulations
of essential reagents which might be added. For
example, a particular buffer solution can be used at
different concentrations by several different restric-
tion endonucleases. See Joseph Sambrook et al.
(1989), “Molecular Cloning, A Laboratory Manual”,
second ed., Cold Spring Harbor Laboratory Press, at
pp- 5.28-5.31. The concentrated buffer solution may
not be a preferred essential reagent to combine with
the loading buffer components under those condi-
tions, since the final reaction mixtures could have
varying concentrations of the loading buffer compo-
nents, depending on the enzyme used. However,
where the concentrated buffer solution is generally
always diluted a particular amount, such as with 10x
buffers which are often provided for particular
enzymes (e.g. restriction enzymes), the loading
buffer components can be usefully provided in com-
bination with these solutions.

[0043] Examples of essential reagents which can be com-
bined with loading buffer components to formulate a com-
position of the present invention are: enzyme, concentrated
enzyme buffer (e.g. 10x buffer), a nucleotide or primer
reagent in the case of DNA or RNA polymerases, or a
coenzyme such as NADPH or ATP. The preferred essential
agent for this purpose is the enzyme, since it is often
desirable to be able to ascertain if enzyme addition has taken
place, and since enzyme concentrations in reaction mixtures
are generally not widely varied. A colored enzyme formu-
lation also has the advantage of allowing one to determine
if complete mixing of the enzyme has taken place. If the
solution is uniformly colored then the enzyme is uniformly
distributed. Also, since a colored formulation is more readily
visible than a clear formulation, a colored enzyme formu-
lation also facilitates pipetting of the small volumes of
enzyme which are often added to enzymatic reaction mix-
tures.

[0044] Inclusion of loading buffer components with the
substrate is usually not preferred because the substrate
composition and concentration often varies between indi-
vidual enzyme reactions. For a PCR reaction, however, the
loading buffer components can be advantageously added
with the nucleotide substrates, since the concentration of
these reagents generally do not vary between individual
PCR reactions.

[0045] As contemplated by the present invention, the
analysis of the product of an enzyme reaction can be by any
method which is suitable for the product in question. Chro-
matographic and electrophoretic methods are particularly
suitable. Suitable chromatographic methods include liquid
chromatography (“LC”), particularly gel permeation chro-
matography. In LC, a high density agent would facilitate the
loading of the reaction mixture containing the product onto
a chromatographic column, and a visible tracer would allow
one to follow the progression of the sample through the
column.

[0046] For applications where the product to be analyzed
is a nucleic acid polymer, electrophoretic methods are
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preferred. In this regard, the compositions and methods of
the present invention are useful for agarose gel electrophore-
sis (e.g. to analyze products of PCR, restriction endonu-
clease digestion, ligation reactions, etc), and polyacrylamide
gel electrophoresis (e.g. analysis of sequencing reactions).
Polyacrylamide gel electrophoresis is also facilitated by the
present invention when used to analyze protein products of
enzymatic reactions.

[0047] The following examples illustrate the invention,
but are not to be taken as limiting the various aspects of the
invention so illustrated.

EXAMPLE 1

Identification and formulation of a Tag DNA
polymerase with tracers and high density reagent.

[0048] A composition conforming to the present invention
was developed to facilitate analysis of products resulting
from PCR. The composition comprises an essential PCR
component, Tag DNA polymerase, with sufficient glycerol
to facilitate the application of the reaction product to an
agarose gel for electrophoretic analysis. The composition
also comprises a red dye that aids in visualization and
mixing of the enzyme in the reaction mixture. The red dye
also serves as a tracer to follow the progressive movement
of PCR products through an agarose gel during electro-
phoresis. The color red was selected for aesthetic reasons
and confers no particular advantage as a tracer.

[0049] FIG. 5 summarizes the steps taken to develop this
composition. Since nucleic acid products of PCR are highly
anionic, they are applied to the agarose gel near the anode
and move toward the cathode as the electrophoresis
progresses. Therefore, to be useful as a tracer in electro-
phoresis the dye molecule is preferably anionic. FIG. 6
summarizes the selection process. From 180+ red dyes
(absorbance max between 450 and 570 nm) (Table 1)
approximately 40 anionic dyes were selected (Table 2).

TABLE 1

Dyes initially considered

Dye Amax
Bis-N-methylacridinium nitrate 430
4-(p-Nitrophenylazo)-resorcinol 432
Auramine O 432
Martius Yellow 432
3',3",5",5"-Tetraiodophenolsulfonephthalein 433
6'-Butoxy-2,6-diamino-3,3'-azodipyridine 435
Quinoline Yellow A, spirit soluble 435
m-Cresol Purple, sodium salt 436
Methyl Red, sodium salt 437
Methylthymol Blue, water soluble 438
a-Naphthyl Red 439
Palatine Fast Yellow BLN 440
Twort Stain 440
Pyrocatechol Violet 441
Acridine Yellow G 442
Mordant Brown 33 442
2-(5-Bromo-2-pyridylazo)-5-(dimethylamino)phenol 443
Disperse Orange 3 443
Acid Yellow 99 445
Thymolphthalein monophosphoric acid, disodium salt hydrate 445
Acid Orange 51 446
Eriochrome Cyanine R 446
Malachite Green Carbinol base 446
Ethyl Red 447
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Dyes initially considered

Dyes initially considered

Dye Mnax Dye Mnax
Chrysoidin 449 Acid Red 151 512
Orange G 475 Chromoxane Cyanine R 512
Sudan I 476 Quinalizarin 512
trans-p-Carotene 478 Acid Red 37 513
Fast Yellow 480 Acid Red 114 514
Pyrogallol Red 480 Chromotrope 2B 514
Direct Black 22 481 Eosin B 514
Crocein Orange G 482 Eosin Y 514
Rosolic Acid 482 Ponceau SS 514
Disperse Orange 1 483 Acid Red 150 515
Eriochrome Red B 483 Chromotrope FB 515
Orange 11 483 Acid Red 40 516
Thorin I 483 Azocarmine B 516
Purpurin 485 Mordant Blue 9 516
Quinizarin 485 Reactive Red 4 516
Mordant Brown 1 487 Cibacron Brilliant Red 3B-A 517
Acridine Orange 488 Disperse Red 13 517
Para Red 488 Eosin Bluish blend 517
Acridine Orange 489 4,5,6,7-Tetrachlorofluorescein 518
Acid Orange 8 490 Bordeaux R 518
Astrazon Orange G 490 Oil Red 0 518
Fluorescein diacetate 490 Acid Violet 7 520
Fluorescein isothiocyanate, isomer I 490 Methyl eosin 520
Quinalizarin 490 Ponceau S 520
Tropaeolin 0 490 Rose Bengal, bis(triethylammonium) salt 520
Zincon 490 Sudan IV 520
Zincon, monosodium salt 490 Amaranth 521
Fluorescein, water soluble 491 Emodin 521
Acridine Orange hydrochloride 492 Eosin Y, free acid 521
Mordant Brown 48 492 Giemsa Stain 521
Methyl Red hydrochloride 493 Oil Red EGN 521
Sudan 11 493 Purpuri’n 521
Acid Red 183 494 Azure A eosinate 522
Reactive Orange 16 494 Diiodofluorescein 522
Carminic acid 495 Direct Red 75 522
Disperse Red 19 495 Eosin B, spirit soluble 522
Fluoresceinamine, isomer 11 495 Jenner Stain 522
Fluorescein 496 Leishman Stain 522
Fluoresceinamine, isomer I 496 May-Grbnwald Stain 522
BrilliantYellow 497 Wright Stain 522
Congo Red 497 Wright Stain, solution in methanol 522
Acid Red 97 498 Azure B eosinate 523
Cochineal 498 Zincon, monosodium salt 523
Arsenazo [ 499 Acid Blue 120 524
Fluorexon 499 Azure 11 eosinate 524
Benzopurpurin 4B 500 Eosin Y lactone 524
Mordant Brown 4 500 Rhodamine 6G 524
Reactive Red 8 500 Tetrachrome Stain (MacNeal) 524
Acid Alizarin Violet N 501 Erythrosin B 525
Rhodamine 123 dehydrate 501 Erythrosin Yellowish blend 525
Darrow Red 502 Ethidium bromide 525
Disperse Red 1 503 Acid Violet 5 527
Xylidine Ponceau 3RS 503 Plasmocorinth B 527
Acid Red 106 505 Eriochrome Blue Black 2B 528
Acid Red 88 505 Quinaldine Red 528
Biebrich Scarlet, water soluble 505 Rhodamine 6G Perchlorate 528
Nuclear Fast Red 505 Rhodamine 6G tetrafluoroborate 528
Acid Red 4 506 Sulforhodamine G 529
New Coccine 506 Violamine R 529
2-(4-Sulfophenylazo)-1,8-dihydroxy-3,6-naphthalene-disulfonic 507 Chromotrope 2R 530
Direct Red 23 507 Safranine 0 (Y, T) 530
Merbromin 507 Alum Carmine 531
Methyl Orange 507 Carmine 531
Sudan IIT 507 Acid Red 1 532
Toluidine Red 507 Acid Red 106 532
Acid Red 4 508 Ethyl Eosin 532
Acid Red 8 508 Arsenazo 111, sodium salt hydrate 533
Direct Red 81 508 Erythrosin B, spirit soluble 533
2',7-Dichlorofluorescein 509 Sudan Red 7B 533
Brilliant Crocein MOO 510 Ruthenium Red 534
Chromotrope 2R 510 Nuclear Fast Red 535
Basic Red 29 511 Acid Red 40 538
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TABLE 2-continued

Dyes initially considered

Dye Mnax
Alizarin Violet 3R 540
Neutral Red 540
Aluminon 542
Rhodamine B 543
Basic Fuchsin 544
Basic Fuchsin, special for flagella 544
Pararosaniline base 544
Rhodamine B base 544
Acid Fuchsin, calcium salt 545
Acid Violet 17 545
Aurintricarboxylic acid 545
Aurintricarboxylic acid, trisodium salt 545
Pararosaniline acetate 545
Acid Fuchsin, sodium salt 546
Carbol Fuchsin 547
Alizarin Blue Black B 548
Phloxine B 548
Pyronin Y 548
Rose Bengal 548
Basic Fuchsin, biological stain 549
Direct Violet 51 549
9-Phenyl-2,3,7-trihydroxy-6-fluorone 552
Bromopyrogallol Red 552
Phenolphthalein 552
Rhodanile Blue 552
New Fuchsin 553
Nile Red 553
Pyronin B 553
Sulforhodamine B 554
Alizarin Red S monohydrate 556
Methylene Violet 3RAX 557
PhenolRed 557
Rose Bengal, bis(triethylammonium) salt 559
Arsenazo IIT 560
Pinacyanol chloride 560
Acid Blue 161 563
Carmine 563
Nigrosin, alcohol soluble 565
Acid Blue 113 566
o-Cresolphthalein 566
Alizarin 567
Sulfonazo 111, tetrasodium salt 567
Palatine Chrome Black 6BN 569
Brilliant Black BN 570
Cresol Red 570
Bromocresol Green (also broad absorbance at 417 nm) 617

[0050]
TABLE 2
Properties of anionic dyes
nax
No Dye (nm) Color EtOH Qiagen PCR
1 Orange G 475 X
2 Acid Red 150 515 X
3 Acid Red 88 505  solu-
bility
4 Acid Red 106 532 X
5 m-Cresol Purple, sodium salt 436 X
6 2-(4-Sulfophenylazo)-1,8- 507 X
dihydroxy-3,6-naphthalene-
disulfonic acid, trisodium
salt
7 Mordant Blue 9 516 X
8 Chromotrope 2R 510 X
9 Pyrogallol Red 480 X

Properties of anionic dyes

nax
No Dye (nm) Color EtOH Qiagen PCR
10 Reactive Red 4 516 X
11 Disperse Orange 1 483 X
12 Congo Red 497 X
13 Direct Red 81 508 X
14 Phloxine B 548 X
15 Eriochrome Cyanine R 446 X
16 Acid Violet 17 545 X
17 Chromotrope 2B 514 X
18 Zincon, monosodium salt 490 X
19 Methyl Red, sodium salt 437 X
20 Acid Orange 8 490 X
21 Rosolic Acid 482  solu-
bility
22 Eosin Y 514 X
23 Bordeaux R 518 X
24 Acid Red 106 505
25 Acid Red 4 506
26 Acid Red 1 532
27 Bromocresol Green (also 617 X
broad absorbance at 417 nm)
28 Ponceau S 520 X
29 Benzopurpurin 4B 500 solu-
bility
30 Acid Orange 51 446 X
31 Amaranth 521
32 4-(p-Nitrophenylazo0- 432 X
resorcinol
33 Biebrich Scarlet, water 505 X
soluble
34 Martius Yellow 432 X
35 Reactive Orange 16 494 X
36 Direct Violet 51 549 X
37 Chromotrope FB 515 X
38 Direct Red 75 522 X
39 Acid Violet 5 527
40 Acid Red 97 498 X

[0051] Each of these dyes were dissolved in water and
those that were not particularly red (i.e. were too yellow/
orange or purple), or lacked sufficient solubility, were
removed from consideration (Table 2, those marked under
“Color™).

[0052] The 20 dyes which remained were assayed for their
ability to be removed from DNA by ethanol precipitation. To
1 ug of lambda DNA enough dye was added to yield a highly
colored solution. Addition of two volumes of 3M ammo-
nium acetate, then 6 volumes of ethanol followed. The DNA
was pelleted by centrifugation. The appearance of a colored
pellet caused the dye to be removed from consideration
(FIG. 6, EtOH ppt.; Table 2, those marked under “EtOH”).
In the presence of the remaining dyes, one ug quantities of
DNA were purified by solid phase extraction on Qiagen PCR
product purification columns (Qiagen, Hilden, Germany)
according to the manufacturers protocol. Dyes that yielded
colored eluants were dropped from consideration (FIG. 6,
labeled “Qiagen”, Table 2, those marked under column
labeled “Qiagen”). The assays performed to this point were
done at the onset of the screening because they were the least
laborious.

[0053] The dyes that survived these preceding tests were
included in a PCR toxicity study. The dyes were added to
PCR reactions at concentrations considered adequate for
product performance. Enough of a 2xPCR master mix
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consisting of Tag DNA polymerase, 0.1 u/ul (Sigma Chemi-
cal Co., St. Louis, Mo.), PCR buffer (2x) (Sigma), dNTP’s
(200 uM each) (Sigma), o>*PdCTP (Amersham USA, Pis-
cataway, N.J.), target DNA (lambda, 2 ng/ul) (Sigma) and
primers (Perkin-Elmer 500 bp control, 2 uM) (Perkin-Elmer,
Norwalk, Conn.) was prepared to accommodate all 11
remaining dyes plus three no dye controls. Ten ul of the 2x
master mix was dispensed into reaction tubes followed by
addition of 10 ul of aqueous darkly colored dye solutions or
water (controls). The PCR cycling protocol was 20 cycles of
94/55/72° C. at one minute each. 20 ul of quench solution
(50 ugful calf thymus DNA, 20 mM EDTA) was added
followed by precipitation with 40 ul 40% trichloroacetic
acid (TCA)/4% sodium pyrophosphate (NaPPi). The reac-
tions were filtered on glass fiber filters, washed with 5%
TCA/2% NaPPi and counted by scintillation methods. This
quench/precipitation procedure will henceforth be referred
to as “TCA precipitation”. As shown in FIG. 7, some dyes
significantly inhibited the PCR reaction such that little or no
product resulted (i.e. numbers 8, 9, 10, 35 and 40). However,
other dyes were relatively inert (i.e. 23, 24, 25, 26, 31, 39).
The dyes that inhibited PCR were dropped from consider-
ation (FIG. 6, PCR Tox, Table 2, those marked under
“PCR”). Number 23 was dropped because its per cycle yield
was substantially lower than the other dyes (FIG. 7). Per
cycle yield was calculated assuming the overall yield was
the per cycle yield raised to the 20™ power (FIG. 7).

[0054] The dyes which remained after the PCR toxicity
screen were further screened for their toxicity on ligation
and transformation, two downstream procedures often car-
ried out using unpurified PCR products. As shown in FIG.
8, ligation in the presence of the remaining dyes (24, 25, 26,
31 and 39 lanes 3-7 respectively) was equivalent to the no
dye control (lane 2). Lane 1 is a control which had no ligase.
Ligations were carried out as described in the figure legend.
The same dyes were also tested for suitability in a ligation/
transformation protocol. Transformation efficiency was not
compromised by the presence of dye (FIG. 9). Increased
efficiencies, as evidenced in the figure, were not investi-
gated. The experiment was performed as summarized in the
figure legend.

[0055] On the basis of performance to this point, the
remaining dyes were considered substantially equivalent as
tracer candidates. Acid violet 5 (number 39, Table 2) was
chosen as a possible finalist candidate. Using this dye in a
reaction mix at an absorbance of 10 (at its absorbance
maximum of 527 nm) a PCR reaction was performed. The
inclusion of this dye in a reaction mix resulted in a minimum
of 50% loss (relative to the same reaction without the dye)
in PCR product yield (FIG. 10) as measured by TCA
precipitation. This was considered unacceptable, but was
overcome by further development efforts.

[0056] In general, the available dyes, as well as those
investigated, are derived from unrelated applications. That
is, many are used as fabric dyes, food colorings, biological
stains etc. As such, they are available in various states of
purity. In the case of the finalists, they all had purities of 80%
or less, as determined by the product labels. In further
experiments, PCR yields (determined by TCA precipitation)
in reactions containing various concentrations of acid violet
5 (determined by As,,) were compared before and after
purification of the crude dye by reverse phase desalting.
PCR product yield was much less susceptible to dye con-
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centration for the desalted compound relative to the crude
compound (FIG. 11). Since reversed phase desalting is not
an attractive method for large scale dye purification, acid
precipitation followed by ammonium hydroxide dissolution/
evaporation to produce the ammonium dye was investigated.
This procedure should result in an essentially salt free
product. These procedures (reversed phase desalting and
acid/ammonium hydroxide) were carried out for acid red 1
(No. 26, Table 2) and acid violet 5 (No. 39). It was found that
the ammonium dyes were more PCR toxic than the sodium
(i.e. desalted) dyes (FIG. 124). The dyes were converted to
their magnesium salts to further characterize the effect of
counterion identity. This was accomplished by addition of
magnesium chloride (excess) to a solution of the crude dye.
The magnesium dye that immediately precipitated was
recrystallized from water. As shown in FIG. 124, the Mg
salts of both acid red 1 and acid violet 5 was much less toxic
to PCR than either the sodium or ammonium salts. In
analogy with the magnesium salts, the calcium and zinc salts
of acid red 1 were prepared to investigate whether the effect
was divalent vs. monovalent cation or cation identity spe-
cific. FIG. 12b demonstrates that the magnesium salt was
least toxic. From these data it was concluded that the dye
was likely sequestering magnesium from the PCR reaction
which caused decreased product yields.

[0057] A dye formulation of the magnesium salts of 80%
acid red 1/20% acid violet 5 was created (percentages based
on absorbance at the wavelength of each dye’s maximum
absorbance [acid red 1=531 nm, acid violet 5=528 nm]).
That particular ratio was used for aesthetic reasons, however
any ratio, or either of the dyes individually would be
similarly effective. To further investigate the effects of
Mg**, since the dye is supplying magnesium to a magne-
sium dependent reaction (i.e. PCR), free Mg*? concentration
contributed by the dye to the reaction was determined. This
was determined by varying the magnesium concentration in
dye containing vs. dye free reactions in a dose response
manner. FIG. 13 shows that for products ranging from 500
to 3000 bp, the difference between red and white Taq at the
midpoint of the magnesium concentration titrations is
approximately 0.4 mM (0.37+/-0.04). The 10x buffer usu-
ally supplied with Taq was reformulated to account for this
perturbation (i.e. the concentration of MgCl, was changed
from 15 to 11 mM in the 10x buffer).

[0058] A preferred composition was formulated at 1 u/ul
Taq polymerase in Taq storage buffer (consisting of 20 mM
Tris-HCI, pH 8.0, 100 mM KC1, 0.1 mM EDTA, 1 mM DTT,
0.5% Tween 20, 0.5% Igepal® CA-630, 50% glycerol in
water) with the magnesium formulation of dye at a total
absorbance of 300. The dye composition was 80% acid red
1, 20% acid violet 5 (100%=absorbance of acid red 1 at
Amaxtabsorbance of acid violet 5 at A, absorbance of acid
red 1=240, acid violet 5=60). This formulation is designated
“REDTaq™”. When added to a PCR reaction mixture at
0.05 u/ul Taq, the total dye absorbance is 15. The dye
combination at this concentration was visible in a subse-
quent agarose gel electrophoresis of the completed reaction
mix, yet the combination was relatively non-toxic to PCR. A
lower concentration of the dye in the reaction mixture would
be difficult to see during a subsequent agarose gel electro-
phoresis. As a comparison, the previously discussed prior art
Tag-dye formulation, Red Hot DNA Polymerase, has an
absorbance of 3.3 at 572 nm, and 4.6 at 435 nm. At the
recommended concentration in a PCR reaction mixture, Red
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Hot DNA Polymerase has an absorbance of 0.033 and 0.046,
at 572 and 435 nm, respectively. Therefore, in contrast to
REDTaq™, the Red Hot DNA Polymerase formulation
would not be useful as a tracer in an electrophoretic analysis
of a PCR reaction.

[0059] PCR products prepared using the REDTaq™ for-
mulation with the 10x buffer described above (with 11 mM
MgCl,) were compared with conventional Taq/10x buffer
(with 15 mM MgCL,). FIG. 14 shows a 1% agarose gel of
amplification products resulting from this comparison. From
the gelit is apparent that the amplifications using REDTaq™
were equivalent to those using Taq without dye. The excep-
tion to this is amplification of the 3 kb fragment, where the
amplification with conventional Taq failed for unknown
reasons (Lane 4). However, when product yields were
compared for a variety of target sizes (FIG. 15), both
conventional Taq and REDTaq™ did effectively amplify a 3
kb target. In that comparison, product yield was not com-
promised by REDTaq™. When a similar comparison was
made with RedilLoad, a commercial formulation of a red
loading buffer (without an essential reaction component)
which is added before a PCR reaction, the Rediload product
reduced PCR product yield by approximately 10% (FIG.
16), relative to the same reaction without Rediload.

EXAMPLE 2

Determination of the Compatibility of a Dye with
Restriction Endonucleases

[0060] The effectiveness of restriction enzymes in cutting
target DNA when a dye is present in the reaction mixture
was evaluated. A variety of restriction enzymes were
assayed for the detrimental effect of adding Amaranth (No.
31, Table 2) to a restriction digest as assayed by agarose gel
electrophoresis. Nde I-cut pUC19 plasmid was prepared.
This linearized plasmid was then digested with one of
several restriction enzymes which normally cut pUC19 at a
polylinker site. Thus, each enzyme would be expected to
yield a product of similar sizes (ranging from 212 to 263 bp).
The restriction enzyme digests were performed in the pres-
ence, or absence, of Amaranth dye, and at various concen-
trations of the enzyme. The results of this experiment are
shown in FIG. 17. Column 1 (the leftmost column) contains
100 bp molecular weight ladders. Columns 2-4 contains
cleavage products from sequential 5-fold dilutions of the
restriction enzymes in the presence of dye. Columns 5-7 are
as columns 2-4 but without dye. Columns 2 and 5 contained
the restriction enzyme at Yioth the suppliers concentration
(ic. the enzyme was considered a 10x concentration). The
buffers used for the digests were as recommended by the
supplier. The enzymes used are listed along the right side of
the gel. The relative susceptibility of the enzyme to the dyes’
presence is reported next to the enzyme. The sizes of the
small bands in the electrophoresis runs range from 212 to
263 bp. The larger, brighter bands contain the full length
Ndel-cut pUC19 (2686 bp) and/or the larger fragment of the
Ndel-cut pUC19 which was also cut with the test enzyme
(2423-2474 bp). +++ equals inert, blank is completely toxic.
This preliminary experiment reveals that the restriction
enzymes tested were relatively insensitive to dye addition.
That is, with the exception of Kpnl, Amaranth was relatively
inert in these reactions. This experiment was conducted
using commercially prepared (crude) dye (dye content
approximately 90%). Based on the previously discussed
results with Taq polymerase, a dye screening and possible
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cleanup/counterion exchange, similar to that used in
Example 1, should result in the discovery of a dye system
that would work for a majority of restriction enzymes.

[0061] To enable direct gel loading, the restriction digest
would have to contain a component that made the solution
more dense than the electrophoresis buffer. Like the PCR
product, glycerol or another high density agent should
suffice. Generally, star activity (alternate site cutting of DNA
due to high glycerol content) can occur at glycerol concen-
trations above 5%. For REDTaq™, solutions as low as 1.5%
glycerol were effective as a high density agent. Thus, it is
clearly possible that restriction digest reagents could be
formulated to contain enough glycerol or other density
increasing solutes to allow for direct gel loading.

[0062] Other features, objects and advantages of the
present invention will be apparent to those skilled in the art.
The explanations and illustrations presented herein are
intended to acquaint others skilled in the art with the
invention, its principles, and its practical application. Those
skilled in the art may adapt and apply the invention in its
numerous forms, as may be best suited to the requirements
of a particular use. Accordingly, the specific embodiments of
the present invention as set forth are not intended as being
exhaustive or limiting of the invention.

What is claimed is:
1. In a method for a polymerase reaction that comprises

(a) forming a reaction mixture comprising a polymerase,
a nucleic acid polymer template, a tracer compatible
with the polymerase, and other components essential
for the polymerase reaction,

(b) creating a nucleic acid polymer product complemen-
tary to the nucleic acid polymer template by enzymatic
reaction,

(c) analyzing the product of the enzymatic reaction by an
electrophoretic protocol, and

(d) observing the tracer during the electrophoretic proto-
col without providing additional tracer beyond that
which was included in the reaction mixture, the
improvement comprising

supplying the tracer to the reaction mixture in a compo-
sition that comprises the tracer and the enzyme or
another essential component, the composition being
substantially free of the nucleic acid polymer template.

2. In the method of claim 1, the improvement further
comprising the reaction mixture having an optical density at
least about 15 at a visible wavelength of maximal tracer
absorbance.

3. In the method of claim 1, the improvement further
comprising the reaction mixture having a density at least
about 1.01 g/cm>.

4. In the method of claim 1, the improvement further
comprising the tracer consisting of a combination of acid
violet 5 and acid red 1.

5. In the method of claim 3, the improvement further
comprising the reaction mixture having an optical density at
least about 15 at a visible wavelength of maximal tracer
absorbance, and the tracer consisting of a combination of
20% acid violet 5 and 80% acid red 1.
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