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The present invention provides methods and compositions for protein stabilization, particularly the stabilization of polymerases in
aqueous solutions with cationic surfactants. The present invention further provides cationic surfactants, including polyethoxylated amines,
I that stabilize thermostable and thermolabile enzymes in solution. These surfactants stabilize the activity of various enzymes, including
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ENZYME STABILIZATION BY CATIONIC SURFACTANTS

FIELD OF THE INVENTION

The present invention relates to protein stabilization, particularly the

stabilization of polymerases in aqueous solutions containing cationic surfactants.

BACKGROUND OF THE INVENTION

Stabilization of enzymes is necessary for the long term storage and utilization
in many biochemical and biotechnological processes. Enzymes have been isolated
from thermophilic organisms which are stable to denaturation by heat. However, even
these highly thermostable enzymes may be inactivated by chemical agents, proteases,
or environmental modifications. The utilization of thermostable and other enzymes
often requires the concomitant use of denatuning conditions including highly elevated
temperatures, aqueous environments with sub-optimal concentrations of cofactors and
substrates, and a pH that i1s suboptimal for maximum enzyme stability.

Many stabilization techniques are known. These techniques include
immobilization of the enzyme on solid substrates, chemical modification of the
enzyme, genetic engineering of the enzyme and the addition of stabilizing additives.
Surfactants are one group of additives that have been shown to stabilize enzymes.
Surfactants are surface active compounds that stabilize the interface between the active
form of the enzyme, and the liquid environment in which they are contained.

For example, non-ionic detergents have been variously shown to increase the

solution stability of various proteins with enzymatic activity (e.g., cAMP-dependent

protein kinase, tyrosine hydroxylase, nitnc oxide synthase, tryptophan hydroxylase and

a sweet potato beta-amylase). Additionally, non-1onic detergents such as TRITON X-
100 and Tween 20 have been shown to stabilize the activity of DNA polymerases (See,
e.g., Blochem., 14: 789-95 [1975]). European Patent Application 776,970 Al,

discloses the use of non-ionic detergents including
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polyoxyethylated sorbitan monolaurate '(Twecn*ZO) and ethoxylated alky phenol (NPf
40) to stabtlize the activity of Tag thermostable DNA polymerase.

Low concentrations of the anionic detergent sodium dodecyl sulfate (SDS) have
been shown to stabilize enzyme activity. However, due to the possibility of
cooperative binding if the optimal concentration of SDS is exceeded in solution, the
use of SDS in protein stabilization is limited. It is known, however, that many
cationic detergents bind less strongly to proteins than strong anionic detergents such as
SDS (See e.g., Nozaki et.al., J. Biol. Chem., 249:4452-59 [1974]). Furthermore, most
proteins have fewer cationic binding sites than anionic binding sites.

The utility of enzymes such as DNA polymerases often is limited by the
stability of the polymerase in solution. Thus, there is need for additives which
improve the stability of enzymes in solution, particularly those additives which

improve stability as well as avoid the drawbacks of currently used surfactants.

SUMMARY OF THE INVENTION

The present invention relates to protein stabilization, particularly the
stabilization of polymerases in aqueous solutions with cationic surfactants.

In some embodiments, the present invention provides a composition comprising
a mixture of a protein having enzymatic activity and a cationic surfactant. The present
Invention is not limited to any particular enzyme. Indeed, the stabilization of a variety
of enzymes is contemplated. In some preferred embodiments, the protein is a
polymerase (e.g., E. coli DNA polymerase I, Tag polymerase, Tne polymerase, Tth
polymerase, T4 DNA polymerase, RNA polymerase II, SP6 RNA polymerase, T7
RNA polymerase, AMV reverse transcriptase, MMLYV reverse transcriptase, etc.). In
other embodiments, the enzyme is preferably a kinase, phosphorylase, or phosphatase
(e.g., calf intestinal phosphatase).

Likewise, the present invention is not limited to a particular cationic surfactant.
Indeed, a vanety of cationic surfactants are contemplated. In some embodiments, the
cationic surfactant has a Hydrophile-Lipophile Balance (HLB) index number of about

10 to 17. In some preferred embodiments, the cationic surfactant has a HLB index
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number of about 11 to 16. In other embodiments, the cationic surfactant 1s a
polyethoxylated amine. In some particularly preferred embodiments, the
polyethoxylated amine has the following structure:
(CH2CH20),H
CH3(CH2)ZN(H

\(CH2CH20)yH
In some embodiments, z is an integer from about 15 to 20, most preferably 18. In
other embodiments, x+y has an average value of about 5 to 15 so that the HLB index
number is from about 11 to 16. In some preferred embodiments, x+y has an average
value of 5 or 15. In some embodiments, the nitrogen may be substituted with a
phosphorous, sulphur or arsenic radical. In still other embodiments, the cationic
surfactant is present in the solution or mixture at a concentration of about 0.0005 to
1.0% by volume.

In some embodiments, the mixture or solution includes a buffering reagent.
The present invention is not limited to a particular buffering reagent. Indeed, a variety
of buffering reagents are contemplated. In some embodiments, the buffering reagent 1s
preferably a MOPS, HEPES, or Tris buffer. In other embodiments, the concentration
of the buffer in the solution is from about 10 mM to 70 mM. In some embodiments,
the pH is from about 7.0 to 9.2.

In other embodiments, the solution or mixture includes a monovalent salt
and/or a divalent salt. The present invention is not limited to any particular salt.
Indeed, a variety of salts are contemplated, including, but not limited to, NaCl, KCl,
MgCl,, and CaCl,. In some embodiments, the divalent cation 1s present at a
concentration of about 0.1 to 10 mM. In other embodiments, the monovalent cation 1s
present at a concentration of about 1 to 100 mM.

In still further embodiments, the solution or mixture includes a chelator and/or
a reducing agent. The present invention is not limited to particular chelators and
reducing agents. Indeed, a variety of chelators and reducing agents are contemplated.
Preferred chelating agents include, but are not limited to, EDTA and EGTA. Preferred

reducing agents include, but are not limited to, dithiothreitol and -mercaptoethanol.
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In some embodiments, the chelating agent i1s present at a
concentration of about 0.01 to 10 mM. In other embodiments,

the reducing agent is present at a concentration of about

0.1 to 20 mM.

According to one aspect of the present 1lnvention,
there is provided a composition comprising: a) a purified
polymerase; and b) a polyethoxylated amine surfactant,
wherein the polyethoxylated amine surfactant has an HLB

index number from 11 to 16.

In some embodiments, the present invention
provides methods for stabilizing proteins with enzymatic
activity. In some embodiments, a protein with enzymatic
activity (e.g., a polymerase, kinase, phosphatase, or
phosphorylase) and a cationic surfactant are provided. In
some preferred embodiments, the cationic surfactant has an
HLB index number of from about 10 to 17. In particularly
preferred embodiments, the cationic surfactant 1s a
polyethoxylated amine, as described above. 1In other
embodiments, the protein with enzymatic activity and
cationic surfactant are combined so that the activity of the
enzyme is stabilized as compared to the activity of the

enzyme in the absence of the cationic surfactant.

According to another aspect of the present
invention, there is provided a method for stabilizing
polymerases comprising: a) providing a purified polymerase
having activity and a polyethoxylated amine surfactant,
wherein the polyethoxylated amine surfactant has an HLB

index number from 11 to 16; and b) combining the polymerase

and the surfactant to form a mixture, under conditions such

that the activity of the polymerase is stabilized.
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Definitions

To facilitate an understanding of the invention, a

number of terms are defined below.

As used herein, the term "enzyme" refers to
molecules or molecule aggregates that are responsible for
catalyzing chemical and biological reactions. Such
molecules are typically proteins, but can also comprise
short peptides, RNAs, ribozymes, antibodies, and other
molecules. A molecule that catalyzes chemical and
biological reactions is referred to as "having enzyme

activity”" or "having catalytic activity".

As used herein, the terms "stabilization",
"stabilizing", and "stabilized", when used 1in reference to
enzyme activity refer to the ability of a material to
maintain, enhance, or otherwise inhibit the decline or 1loss
of the activity of an enzyme, often as measured over time
(i.e., in the presence of a stabilizer, an enzyme retailns
its activity for a longer time period than the enzyme 1n the
absence of the stabilizer). "Stabilization of enzyme
activity"” also refers to the ability of a material to
maintain the activity of an enzyme under suboptimal
conditions of temperature or pH. As another example,

"stabilizing enzyme activity" refers to the ability of a

material to enhance
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enzyme activity under suboptimal conditions, as compared to activity in the absence of
a "stabilizing" compound or material.

The term "polymérase" refers to an enzyme that synthesizes nucleic acid stands
(e.g., RNA or DNA) from ribonucleoside triphosphates or deoxynucleoside
triphosphates. |

The term "polymerase activity" refers to the ability of an enzyme to synthesize
nucleic acid stands (e.g., RNA or DNA) from nbonucleoside tnphosphates or
deoxynucleoside triphosphates. DNA polymerases synthesize DNA, while RNA
polymerases synthesize RNA.

The term "surfactant” refers to any molecule having both a polar head group,
which energetically prefers solvation by water, and a hydrophobic tail which is not
well solvated by water. The term "cationic surfactant” refers to a surfactant with a
cationic head group. The term "anmonic surfactant” refers to a surfactant with an
anionic head group. |

The terms "Hydrophile-Lipophile Balance Index Number” and "HLB Index
Number" refer to an index for correlating the chemical structure of surfactant
molecules with their surface activity. The HLB Index Number may be calculated by a
variety of empirical formulas as described by Meyers, (Meyers, Surfactant Science and

Technology, VCH Publishers Inc., New York, pp. 231-245 [1992}).
As used herein, the HLB Index Number of a surfactant is the HLB

Index Number assigned to that surfactant in McCutcheon’s Volume 1: Emulsifiers and
Detergents North American Edition, 1996. The HLB

Index Number ranges from 0 to about 70 or more for commercial surfactants.
Hydrophilic surfactants with high solubility in water and solubilizing properties are at
the high end of the scale, while surfactants with low solubility in water which are
good solubilizers of water 1n oils are at the low end of the scale.

The term "polyethoxylated amine" refers to any surfactant which includes a

hydrophobtc alkyl side chain and one or more long-chain polyoxyethylene groups.

The terms "buffer” or "buffering agents" refer to matenals which when added

to a solution, cause the solution to resist changes 1n pH.

-5 -
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The terms "reducing agent" and "electron donor" refer to a material that donates

electrons to a second material to reduce the oxidation state of one or more of the

second material’s atoms.

The term "monovalent salt" refers to any salt in which the metal (e.g., Na, K,
or Li) has a net 1+ charge in solution (i.e., one more proton than electron).

The term "divalent salt" refers to any salt in which a metal (e.g., Mg, Ca, or
Sr) has a net 2+ charge 1n solution.

The terms "chelator”" or "chelating agent" refer to any materials having more
than one atom with a lone pair of electrons that are available to bond to a metal ion.

The term "solution" refers to an aqueous or non-aqueous mixture.

The term "buffering solution” refers to a solution containing a buffering

reagent.

The term "reaction buffer" refers to a buffering solution in which an enzymatic

reaction 1s performed.

The term "storage buffer” refers to a buffering solution in which an enzyme is

stored.

"Amplification" is a special case of nucleic acid replication involving template
specificity. It is to be contrasted with non-specific template replication (i.e.,
replication that is template-dependent but not dependent on a specific template).
Template specificity is here distinguished from fidelity of replication (i.e., synthesis of
the proper polynucleotide sequence) and nucleotide (ribo- or deoxyribo-) specificity.
Template specificity is frequently described in terms of "target" specificity. Target
sequences are "targets” in the sense that they are sought to be sorted out from other
nucleic acid. Amplification techniques have been designed primarily for this sorting

out.

Template specificity is achieved in most amplification techniques by the choice
of enzyme. Amplification enzymes are enzymes that, under conditions they are used,

will process only specific sequences of nucleic acid in a heterogeneous mixture of

nucleic acid. For example, in the case of QP replicase, MDV-1 RNA is the specific
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template for the replicase (Kacian ef al., Proc. Natl. Acad. Sci. USA 69:3038 [1972]).
Other nucleic acid will not be replicated by this amplification enzyme. Similarly, in
the case of T7 RNA polymerase, this amplification enzyme has a stringent specificity
for its own promoters (Chamberlin ef al., Nature 228:227 [1970}). In the case of T4
DNA ligase, the enzyme will not ligate the two oligonucleotides or polynucleotides,
where there is a mismatch between the oligonucleotide or polynucieotide substrate and
the template at the ligation junction (Wu and Wallace, Genomics 4:560 [1989)).
Finally, Tag and Pfu polymerases, by virtue of their ability to function at high
temperature, are found to display high specificity for the sequences bounded and thus
defined by the primers; the high temperature results in thermodynamic conditions that
favor primer hybridization with the target sequences and not hybrndization with non-
target sequences (Erlich (ed.), PCR Technology, Stockton Press [1989]).

As used herein, the term "amplifiable nucleic acid" is used 1n reference to
nucleic acids that may be amplified by any amplification method. It 1s contemplated
that "amplifiable nucleic acid" will usually comprise "sampie template.”

As used herein, the term "sample template" refers to nucleic acid originating
from a sample that is analyzed for the presence of "target" (defined below). In
contrast, "background template" is used in reference to nucleic acid other than sample
template that may or may not be present in a sample. Background template is most
often inadvertent. It may be the result of carryover, or it may be due to the presence

of nucleic acid contaminants sought to be purified away from the sample. For

example, nucleic acids from organisms other than those to be detected may be present

as background 1n a test sample.

As used herein, the term "primer" refers to an oligonuclieotide, whether
occurring naturally as in a purified restriction digest or produced synthetically, which
is capable of acting as a point of initiation of synthesis when placed under conditions
in which synthesis of a primer extension product which is complementary to a nucleic
acid strand is induced, (i.e., in the presence of nucleotides and an inducing agent such

as DNA polymerase and at a suitable temperature and pH). The primer is preferably
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single stranded for maximum efficiency in amplification, but may alternatively be
double stranded. If double stranded, the primer 1is first treated to separate its strands
before being used to prepare extension products. Preferably, the primer 1s an
oligodeoxyribonucleotide. The primer must be sufficiently long to prime the synthesis
of extension products in the presence of the inducing agent. The exact lengths of the
primers will depend on many factors, including temperature, source of pnimer and the
use of the method.

As used herein, the term "probe" refers to an oligonucleotide (i.e., a sequence
of nucleotides), whether occurring naturally as 1n a punfied restriction digest or
produced synthetically, recombinantly or by PCR amplification, that is capable of

hybridizing to another oligonucleotide of interest. A probe may be single-stranded or

double-stranded. Probes are useful in the detection, identification and isolation of
particular gene sequences. It is contemplated that in preferred embodiments any probe
used in the present invention will be labelled with any "reporter molecule," so that it 1s
detectable in any detection system, including, but not limited to enzyme (e.g., ELISA,
as well as enzyme-based histochemical assays), fluorescent, radioactive, and
luminescent systems. It is not intended that the present invention be hmited to any
particular detection system or label.

As used herein, the term "target," when used in reference to the polymerase
chain reaction, refers to the region of nucleic acid bounded by the primers used for
polymerase chain reaction. Thus, the "target” is sought to be sorted out from other
nucleic acid sequences. A "segment" is defined as a region of nucleic acid within the
target sequence.

As used herein, the term "polymerase chain reaction” ("PCR") refers to the
method of K.B. Mullis U.S. Patent Nos. 4,683,195, 4,683,202, and 4,965,188
that describe a method for increasing the
concentration of a segment of a target sequence in a mixture of genomic DNA without
cloning or purification. This process for amplifying the target sequence consists of
introducing a large excess of two oligonucleotide primers to the DNA muxture

containing the desired target sequence, followed by a precise sequence of thermal

-8 -
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cycling in the presence of a DNA polymerase. The two primers are complementary to
their respective strands of the double stranded target sequence. To effect
amplification, the mixture is denatured and the primers then annealed to their
complementary sequences within the target molecule. Following annealing, the
primers are extended with a polymerase so as to form a new pair of complementary
strands. The steps of denaturation, primer annealing, and polymerase extension can be
repeated many times (i.e., denaturation, annealing and extension constitute one “cycle";
there can be numerous "cycles") to obtain a high concentration of an amplified
segment of the desired target sequence. The length of the amplified segment of the
desired target sequence is determined by the relative positions of the primers with
respect to each other, and therefore, this length is a controllable parameter. By virtue
of the repeating aspect of the process, the method i1s referred to as the "polymerase
chain reaction" (hereinafter "PCR"). Because the desired amplified segments of the
target sequence become the predominant sequences (in terms of concentration) in the
mixture, they are said to be "PCR amplified.”

With PCR, it is possible to amplify a single copy of a specific target sequence
in genomic DNA to a level detectable by several different methodologies (e.g.,
hybridization with a labeled probe; incorporation of biotinylated primers followed by
avidin-enzyme conjugate detection; incorporation of **P-labeled deoxynucleotide
triphosphates, such as dCTP or dATP, into the amplified segment). In addition to
genomic DNA, any oligonucleotide or polynucleotide sequence can be amplified with
the appropriate set of primer molecules. In particular, the amplified segments created
by the PCR process itself are, themselves, efficient templates for subsequent PCR
amplifications.

As used herein, the terms "PCR product,” "PCR fragment," and "amplification
product” refer to the resultant mixture of compounds after two or more cycles of the
PCR steps of denaturation, annealing and extension are complete. These terms

encompass the case where there has been amplification of one or more segments of

one or more target sequences.
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As used herein, the term "amplification reagents” refers to those reagents
(deoxynbonucleotide tniphosphates, buffer, etc.), needed for amplification except for
primers, nucleic acid template, and the amplification enzyme. Typically, amplification

reagents along with other reaction components are placed and contained in a reaction

vessel (test tube, microwell, etc.).

GENERAL DESCRIPTION OF THE INVENTION

The present invention provides methods and compositions for protein
stabilization, particularly the stabilization of polymerases in aqueous solutions with
cationic surfactants. The activity of polymerases in solution, either in storage buffers
or reaction buffers, may be stabilized by the addition of non-ionic surfactants. It 1s not
intended that the present invention be limited to particular mechanism of action.
Indeed, an understanding of the mechanisms involved in protein stabilization is not
necessary to make and use the present invention. However, one theory regarding the
mechanism of protein stabilization by surfactants is that the binding of a surfactant to a
protein serves a cross-linking function that prevents unfolding or denaturation of the
protein. In the case of non-ionic surfactants, the binding occurs at hydrophobic sites
on the protein surface.

The mechanism of surfactant binding to proteins and denaturation by some
ionic surfactants has been reviewed. (See e.g., Jones, 1n Surface Activity of Proteins,
S. Magdassi (ed.), Marcel Dekker, Inc., New York, pp. 237-284 [1996]). The imitial
interaction between ionic surfactants and proteins is mediated by binding of the 1onic
head group to high-energy sites on the surface of the protein. The head group
interactions with charged sites on the protein surface are electrostatic. Anionic
surfactants bind to cationic sites (e.g., lysyl, histidyl, and arginyl residues). Cationic
surfactants bind to anionic sites (e.g., glutamyl and aspartyl residues). The
hydrophobic tail of the surfactant then interacts with hydrophobic regions on the
protein surface.

Furthermore, many ionic detergents are known to cooperatively bind with

proteins. Cooperative binding is characterized by an unfolding of the tertiary structure

- 10 -
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of the protein, allowing the binding of more surfactant molecules. The 1nitial
unfolding is believed to result from insertion of the hydrophobic tail of the surfactant
into the hydrophobic interior of the protein. Cooperative binding generally results 1n
complete denaturation of the protein, resulting in the loss of activity.

The binding affinity of surfactants for proteins 1s mediated by the nature of the
head group, hydrophobic tail chain length, and the critical micelle concentration
(CMC) of the surfactant. For anionic detergents, 1t has been demonstrated that for
surfactants with a constant hydrophobic tail length, binding affinity decreases as the
polar head group is varied in the order from SO,” > SO,” > CO, > OH. Chain length
is also a factor. For example, alkyl sulfates show binding with extensive unfolding
when the alkyl chain-length is C12 (i.e., 12 carbons), and binding without extensive
unfolding occurs when chain-length is less than C12. In contrast, for alkyl sulfinates,
a C12 chain-length has been shown to be insufficient for cooperative binding.

Cooperative binding occurs at increasing surfactant concentrations. Whether or
not cooperative binding occurs depends on the CMC of the surfactant. The CMC of
the surfactant is the concentration at which the free surfactant molecules present in a
solution aggregate to form micelles. For cooperative binding of a surfactant to a
protein, the initial electrostatic binding occurs at concentrations of surfactant well
below the CMC of the surfactant. Many strongly denaturing surfactants have relatively
high CMCs. For surfactants with low CMCs, a surfactant will preferentially form
micelles at relatively low concentrations of surfactant. Therefore, a surfactant
concentration sufficient to cause denaturation of the protein cannot be reached in
solution. Non-ionic detergents are limited by their CMCs and the free concentrations
that they can attain, so that cooperative binding and denaturation cannot occur for any
reasonable added excess of surfactant.

The binding of surfactants to proteins is studied by constructing binding
isotherms. Isotherms are S-shaped curves produced by applying the average number
of surfactant molecules per protein molecule plotted as a function of the logarithm of
the free surfactant concentration. The binding isotherm has multiple regions. The first

region consists of a relatively sharply increasing slope corresponding to specific

- 11 -
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binding of the surfactant to charge sites on the surface of the native protein or to
hydrophobic regions. When these sites are saturated, a plateau-like region occurs. For
surfactants which bind cooperatively with proteins, a third region of steep slope is
apparent. This region generally occurs as free surfactant approaches a critical micelle
concentration for the surfactant.

Mathematical models for binding-induced unfolding predict that the binding of
small amounts of high affinity ions protect a protein from unfolding by other agents
(See e.g., Steinhardt and Reynolds (eds.), Multiple Equilibrium and Proteins,
Academic Press, New York, pp. 234-350 [1969]). Protection from unfolding is based
on the electrostatic interaction between the charged head groups of some surfactants
with charged residues on the surface of the protein (Markus et al., J. Biol. Chem.,
239:3687 [1964]). Subsequent binding of the hydrophobic tail the hydrophobic areas
on the protein then provides a non-covalent cross linking function.

The present invention provides surfactants which stabilize enzyme activity. In
some embodiments, the ethoxylated alkyl amine cationic surfactants Tomah E-18-5 and
Tomah E-18-15 (Tomah Prod Inc, Miiton, WI) provided equal or superior stabilization
of polymerases in solution compared to commonly used non-ionic surfactants such as
Tween¥20, TRITON X-100 and NP-40. In one assay, surfactant stabilization of the
thermostable DNA polymerases i1solated from Thermus aquaticus (Tag polymerase),
Thermus thermophilius (Tth polymerase), and Thermus flavus (Ifl polymerase) was
measured by the ability to catalyze the polymerase chain reaction (PCR). The amount
of reaction product obtained was taken to be a measure of the stability of the enzyme
used 1n the reaction. Superior results were observed when lower levels of Tag or Tth
polymerase were used in conjunction with the cationic detergents. Amplification of
the target DNA sequence was readily and reproducibly apparent in reactions containing
as much as 50% less polymerase activity than was needed to amplify the target in the
non-ionic surfactant control reactions. In another assay, the half-lives of Tth and Tag
polymerase in buffers containing the cationic detergents were determined to be equal

to or greater than their half-lives observed in buffers contaimning non-ionic surfactants.

*Trade-mark
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In other embodiments of the present invention, cationic surfactants are also
used to stabilize other enzymes, including, but not limited to T4 DNA polymerase,
MMLYV (Moloney Murine Leukemia Virus) reverse transcriptase, and AMV (Avian
Myeloblastosis Virus) reverse transcriptase. In experiments to demonstrate the
stabilization of these enzymes, polymerization reaction mixtures containing DNA or
RNA templates were assembled using either the standard stabilizer BSA (bovine serum
albumin) or the cationic surfactants. The activity of T4 polymerase and MMLYV and
AMYV reverse transcriptase, as determined by incorporation of radioactive dNTPs into
nucleic acid, was enhanced in the reaction buffers containing the cationic surfactants as
compared to the reaction buffers contaiming BSA.

The cationic surfactants of the present invention are therefore useful in
stabilizing both thermostable and thermolabile polymerases, including, but not lmited
to, Tag polymerase, Tth polymerase, Ifl polymerase, T4 DNA polymerase, AMV
reverse transcriptase and MMLYV reverse transcriptase. These cationic surfactants find

use as stabilizers in either reaction buffers or storage buffers.

DETAILED DESCRIPTION OF THE INVENTION

A. Identification of Surfactants Which Stabilize Enzyme Activity

Several assays (See Examples 1-12) were used to determine the stabilizing or
destabilizing actions of approximately 30 different anionic, cationic and amphoteric
surfactants (summarized in Table 1). These experiments demonstrated that cationic
surfactants can be utilized to stabilize enzyme activity. Cationic surfactants have
found many applications including use as fungicides, as pesticides and as antiseptic
agents in cosmetics. Cationic surfactants may be divided into two groups: 1) those
containing nitrogen; and 2) non-nitrogen “onium” surfactants including phosphonium,
sulfonium, sulfoxonium and arsonium surfactants. Nitrogen containing surfactants are
easily and inexpensively prepared and far outnumber non-nitrogen surfactants.
Nitrogen containing surfactants may be divided into two categories which differ in the
nature of the nitrogen containing group. The first category comprises the alkyl

nitrogen compounds such as simple ammonium salts containing a long-chain alkyl
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group which confers hydrophobicity and one or more amine hydrogens. The alkyl
nitrogen compounds may also be secondary, tertiary, or quaternary ammonium
compounds in which all amine hydrogens have been replaced by organic radical
substitutions. For secondary, tertiary and quaternary amines, the substituted radical
may be either long- or short-chain alkyls, alkylarlys, aryls or ethoxyls. The second

category of nitrogen containing surfactants includes heterocyclic materials such as

pyridinium, morpholinium and imidazolinium derivatives.

- 14 -
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TABLE 1
Ionic Surfactants Tested in
Enzyme Stabilization Applicatnons
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Ionic Surfactants Tested in
Enzyme Stabilization Applications
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Diocty] sulfosuccinate (Sigma Chem. Co. D-4422) —

Accordingly, in some embodiments, the present invention provides cationic
surfactants that stabilize enzyme activity. In preferred embodiments, the cationic

surfactant preferably has a Hydrophile-Lipophile Balance (HLB) index number from
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about 10 to 17, most preferably from about 11 to 16. The HLB index number is an
index for correlating the chemical structure of surfactant molecules with their surface
activity. The HLB index number may be calculated by a vaniety of empirical formulas
(See e.g., Meyers, Surfactant Science and Technology, VCH Publishers Inc., New
York, pp. 231-245 [1992]). The HLB index number

ranges from 0 to about 70 or more for commercial surfactants. Hydrophilic surfactants
are at the high end of the scale due to their high solubility in water and solubilizing
properties, while surfactants with low solubility in water which are good solubilizers of
water in oils are at the lower end of the scale.

In some embodiments of the present invention, the cationic surfactants are
preferably ethoxylated amines. Ethoxylated amines contain a hydrophobic alkyl side
chain and one or more long-chain polyoxyethylene groupings. The aqueous solubility
of ethoxylated amines is to a large degree dependent on the extent of alkoxylation and
1s not always caused by salt formation. Simple polyoxyethylated amines (POE
amines) are prepared from long chain alkylamines by ethoxylation. Most ethoxylated
amines are water soluble and relatively weak bases. Ethyloxylated amines are maimly
used as emulsifying and hair conditioning agents.

The cationic surfactant is preferably selected from the group of ethoxylated
alkyl amines having the following general structure in aqueous solution:
(CH2CH20),H
CH3(CH2),N/'H

\(CHZCH20),H
wherein z is an integer from about 15 to 20 and wherein x and y are each at least one
and x+y has an average value of about 5 to 15 so that the HLB index number is from
about 10 to 17, preferably from about 11 to 16. The nitrogen atom may be replaced

by a sulphur atom to form an ethoxylated alkyl sulphide, a phosphorous atom to form
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an ethoxylated alkyl phosphine, or an arsenic atom to form an ethoxylated alkyl

arsenine. '

Most preferably, the cationic surfactant is selected from the group having the
structures 1n aqueous solution:
/(CHZCH20),H
CH3(CH2),,N'H

\

(CH2CH20),H

wherein x+y has an average value of 5 and:

/(CH2CH20)xH
CH3(CH2),,N'H
\(CHZCHZO)yH

wherein x+y has an average value of 15.

B. Use of Cationic Surfactants in. Storage and Reaction Buffers
The cationic surfactants described above may be used to stabilize enzymes 1n

both storage buffers and in reaction buffers. These surfactants are useful for
stabilization of various enzymes including, but not limited to, Tag polymerase, Ith
polymerase, Tfl polymerase, MMLV Reverse Transcriptase, AMV reverse transcriptase,
and T4 DNA polymerase. In some embodiments, the enzymes may be produced
recombinantly or purified from the native organisms as is known in the art. In other
embodiments, the enzymes may be purified in the absence of surfactants by column
chromatography, or if purified in the presence of surfactants other than the cationic
surfactants of the present invention, those surfactants may be removed by

chromatography (See e.g., M. P. Deutscher (ed.), Methods in Enzymology-Guide to
Protein Purification, Academic Press Limited, London [1990]).
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In some embodiments of the present invention, storage buffers for thermostable
and other enzymes comprise a buffering reagent in a concentration of about 10 to 70
mM (preferably about 50 mM Tris-HCI at pH 8.0), a salt in a concentration of about
50 to 150 mM (preferably about 100 mM KCl or NaCl), a chelator 1n molar ratio to
the salt of about 1:500 to 1:1,500 (preferably about 0.1 mM EDTA), a reducing agent
in a concentration of about 1 to 10 mM (preferably about 1| mM DTT (dithiothreitol)),
glycerol in a concentration of about 50% by volume, and the cationic surfactant of the
present invention in concentration of about 0.001% to 1.0% (preferably about 0.1%).

In other embodiments of the present invention, reaction bufiers for
thermostable polymerases and other enzymes comprise a buffering reagent in a
concentration of about 5 to 15 mM (preferably about 10 mM Tris-HCl at a pH of
about 8.0 to 9.0 at 25°C), a monovalent salt 1n a concentration of about 20 to 100 mM
(preferably about 50 mM NaCl or KCl), a divalent cation in a concentration of about
1.0 to 10.0 mM (preferably MgCl,), dNTPs in a concentration of about 0.05 to 1.0
mM each (preferably about 0.2 mM each), and the cationic surfactant of the present

invention in a concentration of about 0.001 to 1.0% by volume (preferably about
0.1%).

In still further embodiments of the present invention reaction buffers for
thermolabile DNA polymerases, such as T4 DNA polymerase, comprise a buffering
reagent in a concentration of about 5 to 15 mM (preferably about 10 mM Tris-HCI at
pH 8.0), a monovalent salt at a concentration of about 30 to 70 mM (preferably about
50 mM NaCl), a divalent cation at a concentration of about 5 to 15 mM (preferably
about 10 mM MgCl,), a reducing agent at a concentration of about .5 to 5 mM

(preferably about 1 mM DTT), and a cationic surfactant in a concentration of about

0.001% to 0.1% by volume (preferably about 0.01%).
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In still other embodiments of the present invention, reaction buffers for reverse
transcriptases such as MMLYV reverse transcriptase comprise a buffering reagent in a
concentration of about 30 to 70 mM (preferably about 50 mM Tris-Cl at a pH of about
8.3), a divalent cation at a concentration of about 5 to 15 mM (preferably MgCl, at
about 7 mM), a monovalent salt at a concentration of about 20 to 60 mM (preferably
KCl at about 40 mM), a reducing agent at a concentration of about 1 to 20 mM
(preferably DTT at about 10 mM), and a cationic surfactant at a concentration of about
0.01 to 1.0% by volume (preferably at about 0.01% by volume).

Many equivalents exist for the components of the reaction and storage buffers
described above and substitutions can readily be made. Therefore, these preferred
buffers are intended only to serve as a guide for the preparation of buffers in which
enzymes and polymerases may stored in and for buffers for carrying out

polymerization and other enzyme reactions, and are not intended to limit the present

invention. Indeed, it is not intended that the present invention be limited to

stabilization of polymerases, as the present invention is suitable for the stabilization of

proteins in general.

EXPERIMENTAL

The following examples are provided in order to demonstrate and further
illustrate certain preferred embodiments and aspects of the present invention and are

not to be read as limiting the scope thereof.

In the experimental disclosure which follows, the following abbreviations
apply: °C (degrees Centigrade); bp (base pair); kb (kilobase pair); kD (kilodaitons); gm
(grams); pg (micrograms); mg (milligrams); ng (nanograms); pl (microliters); nCi
(microcurie); M (molar); mM (millimolar); pM (micromolar); nM (nanomolar); U

(units); MW (molecular weight); sec (seconds); min(s) (minute/minutes); hr(s)
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(hour/hours); ab (antibody); HCI (hydrochlonc acid); MgCl, (magnesium chloride);
KCl (potassium chloride); NaCl (sodium chionde); PBS (phosphate buffered saline
[150 mM NaCl, 10 mM sodium phosphate buffer, pH 7.2]); SDS (sodium dodecyl
sulfate); Tnis (tris(hydroxymethyl)aminomethane); EDTA (Ethylenediaminetetraacetic
Acid); EGTA (Ethylene glycol-bis(B-amino-ethyl ether) N,N,N’,N’-tetraacetic Acid);
HEPES (4-(2-Hydroxyyethyl)piperazine-1-ethanesulphonic acid; w/v (weight to
volume); v/v (volume to volume); Sigma (Sigma Chemical Co., St. Louis, MO),
MMLV (Moloney Murine Leukemia Virus); AMV (Avian Myeloblastosis Virus); RT
(Reverse Transcriptase); Taq (Thermus aquaticus); Tfl (Thermus flavus), Tth (Thermus

thermophilus).

EXAMPLE 1
Ability of Taq Polymerase to Amplify a DNA Segment
in the Presence or Absence of Detergent
This Example describes the development of a PCR based assay for polymerase
stabilization by detergents (i.e., surfactants). Conditions were defined in which the
polymerase was iﬁcapable of producing a detectable amplification product 1n the

absence of detergent, but could produce detectable amplification 1n the presence of a

stabtlizing detergent, such as Tween 20.

*Trade-
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The following reaction mixture was assembled:

2mM dNTP Mix100utl

2ng/ul pGEM luc 10ul

Primer A (1pg/ul) 10ul

Primer B (1ug/ul) 10ul

10 X Taq buffer 100ul

25mM Mg(Cl,100ul

Nanopure water 670ul
Total 1000ul

pGEM luc (Part # E1541) and 25mM MgCl, ( Part # M1902) were obtained
from Promega Corp, Madison WI. The 10X Tag buffer formulation was: 500mM
KCl, 100mM Tns-Cl (pH 9.0 at 25°C). The 10X Tagq buffer was made by dissolving
KCl and Tnnizma 1n nanopure water and adjusting the pH with concentrated
hydrochloric acid. Nanopure water was made by autoclaving deionized water treated
by a NANOPURE *water system. The 2mM dNTP mix was made by mixing 100mM
stocks of dATP, dCTP, dGTP, and dTTP (Promega U120, U122, U121 and U123,
respectively) with nanopure water to produce a solution containing a 2mM
concentration of each nucleotide. The DNA sequences of the pnmers used were
TAATACGACTCACTATAGGGCGAAT (SEQ ID NO: 1) and
GAATCGTCGTATGCATGTAAAACTC (SEQ ID NO 2).

One hundred microliters of the reaction mixture were placed into a 0.2ml tube
and 50ul placed in five additional tubes. Another reaction mixture was assembled
using the formulation described above except that 10ul of 10% (v/v) Tween 20

(Sigma, P-1379) was used to replace 10ul of the 670ul of water. This reaction

*Trade-mark
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mixture had a final detergent concentration of 0.1% v/v Tween'20. This second
reaction mixture was then dispensed so that one tube contained 100ul of reaction mix

and five additional tubes contained 50ul of mix.
One microhiter of Tag polymerase ( 10U/ul), purified without the addition of

any detergent in any step, was added to the detergent-containing and detergent-free
reaction mixes and the contents of the tubes were mixed. Seral dilutions of detergent-
containing and detergent-frec reactions were made as follows. Fifty microliters of thé
first mixture was removed and added to the 50ul of the same reaction mix in one of
the five remaining tubes of reaction mix. This tube was mixed and 50ul of the
resulting mixture transferred to the next tube with 50ul of reaction mix. The mixing
and transfers were performed until all of the five tubes containing reaction mix were

mixed with reaction mix containing enzyme. The tubes were placed in a thermocycler

and put through the following program.

Pre cycling conditions: Adjust temperature to 94°C for 1 min then proceed to
cycling conditions.

Cycling conditions: For each cycle: adjust temperature to 94°C for 15 sec,
then lower temperature to 65°C for 2 min. Repeat temperature cycling for 25
cycles. Proceed to post cycling conditions.

Post cycling conditions: Adjust temperature to 68°C for 4 min then lower

temperature to 4°C.

After the tubes were cycled through the program conditions listed above, 5ul of
Stop Solution was added to each tube. Stop solution was: 0.4% SDS, 160mM EDTA,
0.16% Orange G and 24% glycerol.

*Trade-mark
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The reaction products were analyzed by agarose gel electrophoresis. Agarose
(3g) was added to a flask containing 300ml of 1X TBE buffer. The solution was
boiled by microwave heating and the contents of the flask were swirled. Thirty
microliters of a solution of 10mg/ml of ethidium bromide were then added and molten
agarose was poured into a gel cassette with a comb for a BRL Model H4 Horizontal
Gel Electrophoresis System and allowed to harden. After hardening, the comb was
removed and the gel cassette was placed into the bed of the electrophoresis system that
had previously been filled with 1X TBE buffer. Twenty-five microliter samples of
each of the amplification reactions along with a sample of pGEM marker were loaded
into individual wells in the gel. Electrophoresis was performed at 100V for 2hr using
a Hoffer PSS00X DC Power Supply, then the gel was visualized under U.V. light
using an Aunbis*‘system.

A strong band of 1.5kb DNA was seen in the lane containing the sample from
the amplification reaction which had the highest amount of 7ag polymerase and 0.1%
Tween 20. Weaker 1.5kb bands were seen in the lanes containing the amplification
reaction with the second highest level of Tag polymerase and 0.1% Tween*zo,- and the
1.5kb band was not seen in the lane containing the highest level of 7ag polymerase
without added detergent.

Thus, these conditions are useful to test the ability of detergents to stabilize
Taq polymerase during amplification reactions. Matenals that stabilize the enzyme
increase the strength of the 1.5kb DNA band produced in the reaction above what is
produced in reactions without detergent. Exceptionally good stabilizing matenals are
identified as those that allow production of the 1.5kb DNA band at enzyme

concentrations lower than those observed using 0.1% Tween 20.

*Trade-mark
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EXAMPLE 2
Screening of Surfactants
In this example, surfactants were screened for their ability to stabilize enzymes.
The following compounds were dissolved in nanopure water to a final cqricentration of
10% (either w/v or v/v depending if the material was a solid or liquid, respeétively):
Tetradecyl-trimethyl-ammonium bromide (Sigma T4762), Dioctyl sulfosuccinate
(Sigma D-4422), Cholic Acid (Sigma C-1254 lot 56H0339), Taurocholic Acid (Sigma
T-4009, lot 15H5001), Chaps (Sigma C-3023, lot 86H5022), Chapso (Sigma C-3649,
lot 35H5065), Cetylpyridinium chloride (Sigma C-9002, lot 77H1047), Tween"20
(Sigma P-1379) and TRITON X-100.
' A 10X buffer was made with each of these surfactant solutions. The 10X
buffer for each consisted of: 500mM KCl, 100mM Tns - HCI pH 9.0 (at 25°C), 1%
surfactant (made by a 1:10 dilution of the detergent solution described above into the
buffer during formulation). As described in Example 1, the Tag polymerase used n
these experiments was purified without exposure to any detergents. Each of these

buffer solutions was used to formulate a 7ag-surfactant solution as follows:

Nanopure water 2554l
10X surfactant buffer 32ul
25mM MgCl, 32ul
Taq polymerase (10U/ul 1ul
Total volume 320l

A control solution was made as indicated above, except that the 32ul of 10X

buffer without surfactant was used. The solutions were incubated at 95°C and samples

*Trade-mark

. 25§ -



10

15

il [ ’“-“-i'-mimﬂwhmdmlm L= S R L R TSP P LT LT B

CA 02335153 2000-12-14

WO 99/67371 PCT/US99/14217

(10ul) were removed and placed in a fresh tube, and kept on ice at 0, 5, 10, 30, 60,
90, and 120 min. The samples were then assayed for Tag polymerase activity.

Taq polymerase activity was determined by measuring the amount of tritiated
deoxynucleotide base a sample of the enzyme could incorporate. The assay was
performed as follows. Solutions of dATP, dCTP, dGTP and dTTP (Promega U120,
U122, U121 and U123, respectively) were diluted to 2mM final concentration
(originally at 100mM) using nanopure water. Tritiated nucleotide "H-TTP was
obtained from Amersham (TRK424, 250uCi/250ul). The template for incorporation
was calf thymus DNA (Sigma, D-1501) dissolved in 10mM Tns-HCI pH 7.3, SmM
MgCl, to a final concentration of 2.5mg/ml. Prior to use, the DNA was treated with
1pl of a 1:10 dilution of RQ1 DNAse (Promega M610) (dilution made using 10mM
Tris-HCl, 5SmM MgCl,) and incubated for 10 min at 37°C followed by 30 min at 68°C.
This was done to “activate” the DNA for incorporation. A 10X Tag assay buffer was

made containing 500mM Tris-HCI (pH 9.0 at 25°C), 500mM NaC(l, and 100mM
MgCl,.

- 26 -
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The following reaction mix was assembled:

10X Taqg Assay Buffer 500ul
Nanopure water 1700ul
dATP (2mM) 500ul
dCTP (2mM) 500ul
dGTP (2mM) 500ul
dTTP (2mM) S00pul
Activated calf thymus DNA 600ul
*H-TTP(1uCi/ul) 100u1

Time point samples (10ul) were added to 40pl of the reaction mix and then
incubated at 74°C for 10 min. After incubation, the solution was diluted with 500ul of
ice cold 10% TCA. The TCA solution was filtered through a GF/A filter. The tube
was washed three times with 1ml of 5% TCA and the wash was then filtered onto the
same filter. The filter was then rinsed 3 times with 5% TCA and then rinsed with
acetone. The filters were dried 10 min. with a heat lamp and then the radioactivity
was counted. The percent of activity present at any time point was determined by
dividing the net counts for the sample at that time point by the net counts of the 0 min
sample for that enzyme solution and then muitiplying by 100%. The percent activaty
of the solution was plotted versus time. The points were then connected by a smooth
curve and the estimated half-life of the enzyme under the conditions chosen was
estimated based on the point where the line crossed 50% activity.

The percent of activity remaining at the different times was then determined
and plotted to estimate the half life of the enzyme in the presence of these surfactants.

The results indicated that the ionic surfactant solutions containing Chaps and Chapso

-7 .
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had estimated half lives of approximately 5 min. The non-ionic surfactant solutions
containing Tween 20 and TRITON X-100 had half-lives of approximately 40 min.
The control solution without surfactant had a half-life of less than 5 min. All the
other ionic surfactant solutions had half-lives less than 5 min.

Thus, this assay is useful for identifying ionic surfactants that provide some
degree of stabilization to Tag polymerase, as seen with Chaps and Chapso. In
addition, this assay can be used to identify ionic surfactants that greatly stabilize Tagq
polymerase. Such surfactants increase the half life of Tag polymerase under these

. *
conditions to a value about equal to or greater than seen with Tween 20.

EXAMPLE 3
Screening of Additional Surfactants

In this example, additional surfactants were screened for the ability to stabilize
proteins. Solutions (10% w/v or v/v) of the following matenals were made 1n
nanopure water: N-dodecyl-n,n’-dimethyl —3-ammonio-1-propanesulfonate (Sigma D-
4516, lot 95H5045), Mega' 10 (Sigma D-6277, lot 37H5041), N-octadecyl-N,N-
dimethyl-3-ammionio-1-propane-sulfonate (Sigma O-8004, lot 44H5006), SB 3-10, N-
Tetradecyl-N,N-dimethyl-3 Ammonio-1-propanesulfonate (Sigma T-7763, lot
96H5001), Dimethyl dioctadecyl Ammonium bromide, TRITON X-200 (Sigma X200,
lot 75H0989), TRITON W-30 (Sigma Chem Co., W-30, lot 18F0766), TRITON X-301
(Sigma X301, lot 13H7706), TRITON 770 (Sigma 770, lot 18F0768).

Ninety-nine microliter aliquots of the master reaction mix described in Example
1 were placed into separate 0.2ml tubes, then 1pl of the 10% surfactant solutions and
21l of Tag polymerase (10U/ul) purified in the absence of detergent were added to

each tube. Control reactions consisted of tubes containing 1pul of 10% Tween 20

*Trade-mark
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(positive control) and no surfactant (negative control). The tubes were subjected to the
amplification conditions and gel analysis protocol as in Example 1 above.

A strong 1.5kb DNA band was produced in the Tween 20 supplemented
reaction, and a weaker but visible band was produced in the reaction without added
surfactant. All other reactions failed to produce a visible 1.5kb DNA fragment, except
the reaction supplemented with N-decyl-N, N-dimethyl-3-ammonium-1-propane
sulfonate. This reaction produced a band intermediate 1n intensity between that seen
for the no detergent reaction (negative control) and the reaction supplemented with
Tween 20.

A second set of reactions was assembled where 95ul of the master reaction mix
was placed into tubes with 5ul of the surfactant solutions and 2ul of 7ag polymerase
(10U/ul). Tween 20 and no surfactant controls were also assembled. Reactions were
conducted according to the amplification conditions and analyzed by gel

electrophoresis as described above.
A strong 1.5Kb DNA band was seen in the Tween 20 supplemented reaction

and no band was seen in the reaction without added surfactant. All other reactions

failed to produce a visible 1.5kb DNA fragment, even the reaction supplemented with

N-decyl-N, N-dimethyl-3-ammonium-1-propase sulfonate. These results indicate that
none of these surfactants 1s equivalent to Tween 20 as a stabilizing agent for Tagq

polymerase.

*Trade-mark
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EXAMPLE 4
Screening of Additional Surfactants
In this example, additional surfactants were screened for the ability to stabilize
proteins. Solutions (10% w/v or v/v) of the following matenals were made 1n
nanopure water: Miracare’ZMHT, Miracare ZMCA, Mirataine BB, Mirataine*ACS,
Mirataine CBR, and Mirataine CB (Rhonc-Pou]enc, North American Chemicals,

Cranbury, NJ). The surfactant solutions were tested at the 0.1% level as described in
Example 3 by comparison with Tween 20 and no surfactant control reactions, except
that the enzyme concentration was lowered to 10U of Tag per 100ul reaction mix.

A strong 1.5kb DNA band was seen in the Tween 20-supplemented reaction |
and no band was seen in the reaction without added surfactant. All of the other
reactions failed to produce a visible 1.5kb DNA fragment. These results indicate that

none of these surfactants i1s equivalent to Tween 20 as a stabilizing agent for Tag

polymerase.

EXAMPLE §
Initial Evaluation of Surfactants From Tomah
In this example, the ability of ethoxylated amines to stabilize proteins was
examined. Solutions (10% w/v or v/v) of the following matenals were made 1n
nanopure water: Tomah¥E-l4-2, Tomah*E-14-5, Tomah E-18-15, and Tomah E-18-5
(Tomah Prod. Inc., Milton, WI). The surfactant solutions were tested at the 0.1%

level and evaluated as in example 3 above by companson with Tween 20 control

reactions, except that the enzyme concentration was lowered to 10U of Tag per 100ul

reaction mix.
A strong 1.5Kb DNA band was produced 1n the Tween 20, Tomah E-18-15 and

Tomah E-18-5 supplemented reactions. The reactions supplemented with Tomah’ E-

*Trade-mark
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14-2 and Tomah E-14-5 failed to produce a visible 1.5kb DNA fragment. These
results inciicate that Tomah E-18-15 and Tomah E-18-5 stabilize T aqg polymerése, and
that Tomah E-14-2 and Tomah E-14-5 do not. In addition, the Tomah*E-lS-S and
Tomah E-18-15 appeared to stabilize the enzyme about as effectively as Tween 20.

Thus, further tests were conducted with these surfactants.

All the Tomah detergents are given the chemical description of ethoxylated
amines, and are cationic detergents. However, they differ in their HLB mdex number
as reported in McCutcheon’s Volume 1: Emulsifiers and Detergents North American
Editidn, 1996. The HLB values for these matenals and some nonionic detergents that
stabilize Taqg polymerase are given in Table 2. These results suggest that cationic
detergents with HLB indices in the 11-16 range are effective in stabilizing 7ag

polymerase.

e T
T R
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EXAMPLE 6
Further Testing of Ethoxylated Amines

The initial results seen with the Tomah E-18 surfactants suggested that these
materials might stabilize Tag polymerase at least as well as nonionic detergents. In
order to obtain a more precise idea of how these materials work, experiments were
performed with lower levels of enzyme and detergent.

Reaction mixes were assembled containing 0.1%, 0.01% and 0.001% Tween’
20, Tomah E-18-15 and Tomah E-18-5 as described in Example 3 above. Detergent-
free Tag polymerase was added to these mixes to form reactions containing 10, 5, 2.5
and 1.25U of Taq polymerase per reaction. The reactions were incubated 1n a
thermocycler and the reaction products analyzed as described in Example 1 above.

Almost all lanes contained the expected 1.5kb DNA fragment. In most cases, it
was difficult to determine whether any lanes with one detergent had a stronger band
than the other detergents. However, when low levels of enzyme and/or detergent were
present, the reactions containing the ionic detergents appeared to produce more product

than did the reactions containing the nontonic detergent.

EXAMPLE 7
Improved Half - Life of Tag Polymerase Under High Temperature

Incubation Conditions in the Presence of lonic Detergents

In this example, the ability of ethoxylated amines to stabilize thermostable
proteins at high temperatures was examined. Solutions of detergent-free 7aq
polymerase (2.5U/100pl of solution) contaiming 0.005% Tomah;E-IS-lS, Tomah E-18-
5, Tween 20, NP-40, and TRITON X-100 were produced as in Example 2. These
solutions were incubated at 95°C and samples were removed at 0, 10, 30, 60 and 120
min and analyzed as In Exam‘p]e 2. The half lives of the enzyme in the presence of
these surfactants was estimated graphically. The solutions containing Tomah E-18-5,
TRITON X-100 and NP-40 all had Tag polymerase half lives of about 8 min. The

solution containing Tween 20 had a 50 min. half life and the solution containing
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Tomah E-18-15 had an estimated half life of 70 min. These results indicate that these
two cationic surfactants stabilize Tag polymerase under high temperature conditions as

well as or better than the nonionic surfactants normally used to stabilize the enzyme.

EXAMPLE 8
Use of Jonic Detergents for Improvement
Iof the Performance of 7th Polymerase
After determining that Tomah E-18-5 and Tomah*E-18-15 improved the
performance of Taqg polymerase, additional expennments were performed to determine
if this effect could be demonstrated with other enzymes. In this expeniment, the
stabilization of the thermostable Ttk polymerase in the presence of cationic and

nonionic surfactants was examined.

Triplicate 10 ml samples of the following solutions were assembled:

2M Tns-HCI pH 7.5 50l
3M KCl 1ml
IM DTT | 10l
0.5M EDTA, pH 8.0 ' oml
Bovine Serum Albumin (10mg/ml) 500ul
Glycerol Sml
Surfactant stock 2m]
Nanopure water to 10ml

Solution A contained 2ml of a 10% stock of TR.ITON*X-IOO; solution B
contained 1ml of a 10% stock of Tween 20 and Iml of a 10% stock of NP*-40; solution
C contained 2ml of a 10% stock of Tomah E-18-15. A sample of Tth polymerase
(Promega M210, lot 8502201) was mixed in equal volume with each of these solutions

to produce three enzyme detergent solutions containing 2.5U/ul of Ith polymerase. A

*rade-mark
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reaction mix was assembled as described using the materials in Example 1, except that
a new 10X Buffer was used. This buffer was made by mixing 1.67ml of 3M KCL,
0.5ml of 2M Tns-HCI pH 8.3 (25°C) and 7.83ml of nanopure water. Four microliters
of each enzyme detergent solution was then added to 200ul of the reaction mix and
5 mixed. One hundred microliters of this solution was then removed, mixed with

another 100l of reaction mix and a second 100ul of the mix removed. This mix was
then added to a second 100ul of reaction mix and mixed. This process was continued
until 6 tubes were produced that contained reaction mix and 35, 2.5, 1.25, 0.625, and
0.3125, and 0.156 units of Tth polymerase. Thermocycling was performed as

10 described in Example 1. The products of the reaction were then analyzed as described
in Example 1.

A clear 1.5kb band was present in the lanes that were fractionated from

TRITON "X-100 stabilized enzyme having 5, 2.5 and 1.25 unit of enzyme. A clear
1.5kb band was present in the lanes that were used to analyze the Tween 20 and NP*-40

15 stabilized enzyme having S, 2.5, 1.25 and 0.625 units of enzyme. A clear 1.5kb band
was present in the all lanes used to analyze the Tomah E-18-15 stabilized enzyme
reactions except for the 0.156 unit reaction.

These results indicate that the ionic detergent Tomah E-18-15 improves the

performance of Tth polymerase and that the level of improvement is greater than that

20 seen with the nonionic detergents used in this study. This is particularly interesting 1n
that this enzyme is both a reverse transcriptase as well as a DNA polymerase, thus

indicating that the detergents of the present invention are useful in stabilizing both of

these types of enzymes.

25 EXAMPLE 9
Improved Performance of T4 DNA Polymerase
Using Ionic Detergents
Since Tomah E-18-15 improved the performance of two different thermostable
DNA polymerases, one with reverse transcriptase activity, 1ts effect on the activity of a

30 non-thermostable DNA polymerase (i.e., T4 DNA polymerase) was tested.
*Trade-mark | - 34 -
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The following solution was prepared:

Nanopure water 960ul
10 X Buffer* ~ 200ul
2mM dNTP mix 200ul
Activated DNA 200p1
‘H-TTP (1uCi/pul) 40ul

*The 10X buffer mn this example contained 1ml of 5M NaCl, 0.5ml of 2M Tns-HCI
pH 8.0 (25°C), iml of IM MgCl,, 100ul of 1M DTT adjusted to a final volume of
10ml with the addition of nanopure water. The 2mM dNTP mix was made as per

Example 1.
T4 DNA Polymerase (Promega M421) was diluted 1:100 into the 1X buffer.

The reactions were assembled on ice as presented in Table 3.
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The tubes were incubated at 37°C for 15 min, and the amount of TCA
precipitable counts were measured to determine the activity of the enzyme at these
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surfactant levels. The data is presented in Table 4. These results indicate that this

enzyme 1s about 79% and 68% more active in the presence of 0.001% and 0.01%

surfactant, respectively.
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In order to confirm these findings, and to determine 1f the surfactant can
increase the activity of this enzyme in the presence of BSA, the following experiment
was performed. Two reaction mixes were assembled as described above, except that
the 10X reaction buffer for one of the mixes (i.e., the +BSA mix) was made using
1.7ml of 10mg/ml BSA with a corresponding decrease in the amount of nanopure
water used to adjust the volume of the component solution to 10ml. Two sets of

reactions were assembled on ice as presented in Table 5.
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