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ABSTRACT

RNA and DNA enzymes often require divalent metal ion cofactors such as Mg®" for their
function. However, numerous catalytic RNAs have been shown to also be active in high
concentrations of monovalent ions such as Li'. Given the similar chemical structures of RNA
and DNA, the divalent ion requirement for DNAzymes has also come into question. Using gel
electrophoresis, the activity of the 10-23 DNAzyme was tested in several monovalent salts in
order to ascertain the exact function of metal ions in the function of the DNAzyme. Ultimately it
was determined that monovalent ions were ineffective in aiding DNAzyme function, supporting
the conclusion that divalent ions play a chemical, rather than simply structural, role as a cofactor.

INTRODUCTION

Enzymes play an integral role in the
regulation and maintenance of biological
processes. Enzymes catalyze chemical
reactions via an active site, a small cleft in an
otherwise large molecule that provides a
specialized chemical environment to promote
the reaction. Some enzymes additionally
require cofactors, such as metal ions or
vitamins, in order to perform functions that
cannot be accomplished through the normal
set of amino acids or nucleotides. During
catalysis, specific substrate molecules will

bind to the active site, often inducing a Figure 1: Activation Energy Chart

change in the shape of either the enzyme or  gpzymes lower the activation energy required to
substrate. Active sites facilitate chemical achieve the transition state.

reactions by reducing the Gibbs free energy

required for the formation of the transition state, a process known as transition state stabilization
(Figure 1). Enzymes accomplish this stabilization through a multitude of interactions such as
stressing chemical bonds or donating or accepting electrons to or from the substrate (1). This
increases the percentage of molecules that fulfill the reaction's energy prerequisite, thus
increasing the overall rate of the reaction.
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For many years it was commonly accepted that enzymatic activity was solely carried out
by protein molecules. Studies conducted in the last few decades, however, have demonstrated
that RNA and DNA can also function as enzymes. These enzymes, known as ribozymes and
DNAzymes respectively, operate directly at the nucleotide level. As an example, the 10-23
DNAzyme, has an active site composed of 15 deoxynucleotides, with two associated segments
approximately 8 nucleotides in length that flank each side. These linked sections are thought to
play a role in substrate recognition, as well as in providing the binding energy necessary to hold
the substrate within the active site of the enzyme (2). Together these units function in the
cleavage of RNA substrate molecules, a reaction which occurs at a concentration of Mg®" that
can be easily found in vivo. The mechanism by which the metal ions accelerate this reaction was
originally suggested to be chemical in nature, with the divalent metal ion directly involved in the
active site of the reaction. Such a chemical process would occur through either one of two
proposed mechanisms.

a L.ﬂ . . .
o rL As shown in Figure 2, the divalent
o \| R metal ion serves in one proposed
" R "?‘# mechanism as a cofactor that induces
| a o hydroxide ions in solution to perform
) j H "OH "L S, HOH nucleophilic substitution general base
L2+ — = 2+ . .
0=P< M? a o w catalysis on the 2' hydroxyl group of ribose,
| 'O 4 . . . .
(o U activating it as a nucleophile to cleave the
& = U RNA phosphodiester backbone (3).
o)
OH Alternatively, the divalent metal ion
OH L7 I
can act as a Lewis acid, as in Figure 3. The
Figure 2: Mechanism A 2’ hydroxyl will donate an electron pair to

Proposed mechanism with divalent metal inducing the metal ion, facilitating its deprotonation,
nucleophilic substitution on 2’ hydroxyl group of  leading to a pathway similar to Mechanism

ribose (3). A (3).
However, recent research has

b questioned the necessity of the magnesium

er cation in nucleic acid catalysis, suggesting

R that the effects of metal cations are largely

O structural rather than chemical (4). Studies

& o exploring the usage of monovalent ions

H' \pP M have challenged the general consensus that
- o o M divalent metal ions, specifically magnesium,
+ are necessary for nucleic acid catalysis. The

HO. U relative success of ribozyme activity in the

o presence of monovalent cations suggests

] that the effect of cations on catalysis of
7 OH RNA cleavage is to stabilize the catalytic
Figure 3: Mechanism B structure rather than to play a specialized
Proposed mechanism with divalent metal inducing chemical role.

a Lewis base to donate an electron pair and
deprotonate the 2’ hydroxyl group of ribose (3).
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Previous studies demonstrated that the hammerhead, VS, and hairpin ribozymes were all
shown to work in the presence of high concentrations of the monovalent cations lithium (Li"),
sodium (Na"), and ammonium (NH,"). Furthermore, in a study conducted to test the effect of
High Hydrostatic Pressure (HHP) on the activity of DNAzymes, it was found that DNAzymes
could operate in the absence of Mg”" at high pressures (Figure 4) High pressure compacts the
structure of the enzyme-substrate complex, performing the same function that metal cations
would if the mechanism were strictly structural. Separate studies have also shown that the
Hepatitis Delta Virus (HDV) ribozyme can also work with high concentrations of monovalent
cations, though at a significantly reduced rate. This combined data suggests that in high
concentrations, monovalent ions can partially or fully replace the function of Mg®" in ribozyme-
catalyzed reactions (5).

Figure 4: The Effects of High Hydrostatic Pressure
HHP forces the enzyme and substrate into a structure conducive to the catalytic reactions,
without any ion cofactors (5).

This experiment will compare the performance of the 10-23 DNAzyme in the presence of
monovalent ions with its performance in the presence of divalent cations. By conducting
DNAzyme-catalyzed RNA-cleaving reactions in salt solutions and then examining the results
through gel electrophoresis, the effectiveness of monovalent ions in the function of the
DNAzyme will be determined. If the cleaving action of the DNAzyme is successful under high
concentrations of monovalent cations, it can be concluded that the role of metal ion cofactors in
DNAzyme activity is ultimately structural rather than chemical. However, if the monovalent ions
are shown to be ineffective in this regard, it is highly probable that metal ion cofactors play a
fundamentally chemical rather than structural role. Due to the success of monovalent cations in
reactions involving ribozyme catalysis, we hypothesize that the monovalent cations Li", Na*, and
NH," will prove as effective as Mg”" in deoxyribozyme-catalyzed reactions, demonstrating that
the function of metal ion cofactors is fundamentally structural in nature. Ultimately,
understanding how DNAzymes function will aid in design of future catalysts that may be used
against viral RNA.
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MATERIALS AND METHODS

Preparing the gel electrophoresis

Gel electrophoresis was run using pre-cast 15% Tris-Urea gels (BioRad) in a Tris-Borale
EDTA (TBE, 89 mM Tris, 89 mM Boric acid, 2 mM EDTA) buffer system. Gels were run at 90
V per gel for 30 to 75 minutes. A loading buffer consisting of formamide, EDTA, and
bromophenol blue dye was created as well. The formamide acts as a "stop" solution that arrests
the RNA-cleaving activity of the DNAzyme in the various timepoint samples to be loaded into
the gels. To test for the lowest efficient dye concentration in the electrophoresis, bromophenol
blue and xylene cyanol were compared in their ability to stain an 11-nucleotide RNA product in
various concentrations. After running the electrophoresis for forty minutes at 180 V, the gels
were analyzed. Nucleic acids were visualized by staining them with SYBR® Green II (which was
diluted 1:10,000 in TBE solution) and using Hitachi® FMBIO I Multi-View. After analyzing the
resulting images, it was determined that at low concentrations, bromophenol blue was more
efficient than xylene cyanol at staining the 11-nucleotide RNA product. A new loading buffer
containing 4.32 mL of 98% formamide, .25 mL of .2 M EDTA, and .005 g of .1% bromophenol
blue was prepared without xylene cyanol and with half the original bromophenol blue
concentration.

Calculating the RNA product standard

The concentration of the RNA product standard solution was calculated in order to
determine the optimum amount of RNA required for effective visibility in gel electrophoresis.
Data of absorbance (£260) from NJGSS 2008’s Nucleic Acid Team was used; €260 for DNA was
3.0 - 10° and RNA was 2.1 - 10° M'cm™. Desired absorbance was set at .35 A - M cm™ with a
target range of 1>x>.1 A - M"' cm™. Calculating in accordance with Beer’s Law, theoretical
DNA and RNA concentration was found. A light spectroscopy scan using the Beckman Caulter
DU 640 spectrophotometer confirmed concentrations to be within the target range. For
confirmation, €260 was recalculated using the found absorbance and given concentration; €260
for DNA was 3.1 - 10° and RNA was 2.0 - 10° M'em™. The final concentration for RNA product
standard was found to be 2.23 - 10° M.

Preparing the reactions

The reactions testing for RNA cleavage by DNAzyme were prepared in 4 M monovalent
salt concentrations of LiCl, NaCl, and NH4Cl. The first reaction set consisted of 48 uL of 5 M
salt solution, 4 uL of 10-23 DNAzyme, 1 pL of 216 uM RNA substrate, 4 uL of .5 M EPPS
buffer, and 3 pL of .5 M EDTA, intended to chelate any divalent ions present in solution and
thus to prevent false positive results. Reactions containing Na’", NH,", and Li" were incubated at
37°C, and a reaction containing Li" was held at room temperature. The four 60 puL reactions
were each stopped after 2 hours, 24 hours, and 48 hours by adding 9 pL of the reaction solution
to 9 uL of the stop solution. Gels were loaded with six of the reaction solutions and five controls:
a positive control containing 50 mM Mg*" among the same nucleic acid concentrations, a

[1-4]



negative control in the form of the same reaction solution containing distilled water in place of a
salt solution, RNA substrate only (6 uL RNA substrate and 54 pL distilled water), RNA product
standard only (6 uL RNA product standard and 54 pL distilled water), and DNAzyme only (6 uL
DNAzyme and 54 pL distilled water).

For the second trial, three reactions were each prepared with a higher concentration of
RNA but a lower concentration of DNA (48uL salt, 4uL EPPS buffer, 3uL EDTA, 2.5uL
DNAzyme, and 2.5uL. RNA substrate). The same three salts were used, but all reactions were
run at room temperature. Furthermore, 4.5uL of each reaction solution was added to 4.5uL of
distilled water and 9uL stop solution. Each control was prepared with 3.6uL of 5 M LiCl and 5.4
nL of reaction mix in order to balance the well's ion concentrations and facilitate gel
electrophoresis. One gel was run with a stop solution containing both bromophenol blue dye and
formamide. A second gel was run with a stop solution containing only formamide.

The third set of reactions replicated exactly the composition of the second set. The three
reaction solutions were incubated at room temperature for 72 hours because earlier
experimentation indicated that the degree of cleavage is independent of time after 24 hours have
passed. The "RNA product only" and "RNA substrate only" control solutions were each
recreated with a higher concentration of RNA (7uL RNA in 21uL distilled water) to guarantee
visibility. Additionally, the samples containing DNA were incubated at 95°C for three minutes
before being loaded into the gel.

The three sets of gels were scanned using the FMBIO analysis software. By measuring
the degree of photon intensity emitted from the suspected substrate bands, the volume of RNA in
each band was quantified.

RESULTS

The first trial tested the effect of 4 M salt solutions on the cleavage of a 20-nucleotide
RNA strand by the 10-23 DNAzyme. The reaction solution contained 1.08:10° M DNAzyme
combined with 3.60-10° M RNA substrate, 0.033 M EPPS, and 0.0250 M EDTA in the presence
of this salt concentration. The first PAGE gel from this trial (Figure 5) displayed the results
derived from allowing this reaction to run with lithium ions for one hour, one day, and two days
at both room temperature and 37°C. The uppermost set of bands correlated to the DNAzyme, and
direct comparison of these bands demonstrated that the DNA in the lithium solution moved
through the gel slower than the DNA control. Horizontal movement of the bands was also seen.
Due to this asymmetric movement of the nucleic acids through the gel, the resulting image was
rendered uninterpretable. This discrepancy was attributed to the excessively high concentrations
of salt present in the wells in the duration of the electrophoresis. Therefore, the next gel
electrophoresis was preceded by diluting the reaction solutions to lower salt concentrations and
increasing the amount of salt in the controls to create a more unilateral movement.

The second set of gels provided more interpretable results than the first, proving that high
salt concentration in the gel was an issue for electrophoresis. The positive control lane with Mg**
showed cleavage of the RNA substrate into two smaller fragments. However, all lanes with
monovalent salt produced band patterns differed from that containing Mg”", implying that the
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DNAzymes cannot catalyze RNA with the aid of monovalent ions. There was also an additional

band in the DNA-only lane, possibly due to the DNA folding into a secondary structure. Another
set of reactions and gel was run to confirm that the DNAzyme cleaved the RNA substrate in
Mg** but not in Li", Na*, and NH,".
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Figure 5: Trial 1

RNA cleavage by DNAzyme in the presence of 4 M lithium cations at room
temperature (R) and 37°C (I). Reactions were carried out for one hour (1), one
day (2), and two days (3). A positive control utilizing Mg”" ions was used along
with a negative control that lacked salts altogether. Solutions containing only
DNAzyme, RNA substrate, and RNA product molecules were also used as
controls for comparison to the reaction solutions. Lateral movement towards the
right is seen in all bands. Controls did not run as predicted: Mg®" did not exhibit
characteristic reactant and product bands, RNA substrate and product were
indistinguishable. Lithium appeared to move slower than DNA control and
showed no product yield.



Figure 6 is a PAGE gel of sodium and ammonium salt solution reactions. The bands
demonstrated a noticeable right lateral movement out of their respective lanes. Additionally, the
DNA in the salt solutions traveled slower than the DNA control. Extended reaction times did not
produce any noticeable change in product and substrate bands for any salt solution. The “no salt
negative control exhibited similar distance traveled as the positive control, Mg*". The RNA
substrate and product also travelled similar lengths despite having clear molecular weight
differences.
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Figure 6: Trial 1

The gel showed the effect of sodium and ammonium ions on RNA cleavage at
37°C. Reactions were carried out for one hour (1), one day (2), and two days
(3). Lateral movement of the bands is observed, with a shift to the right. As in
the case of Figure 3.0, nucleic acids in the reaction solutions containing high
salt concentrations moved slower than the DNA control. RNA substrate and
product moved the same length, suggesting little separation.



Figure 7 shows the effects of the salts on RNA cleavage. All the wells show a significant
amount of the substrate band with the exception of the positive control and DNAzyme control;
however, the RNA substrate and RNA product moved the same distance making the two bands
indistinguishable. In addition, the DNAzyme appears to run in two separate bands. Figure 7 also
displays lateral movement in the gel distorting some of the bands.
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Figure 7: Trial 2

This image shows LiCl, NaCl, and NH4Cl solutions at two time stops, 1A (24
hours) and 2A (48 hours). It also shows the control solutions which include the
positive control (MgCl, solution), the negative control (a no salt solution), RNA
substrate solution, RNA product solution, and DNAzyme. All solutions contain
the staining dye without xylene cyanol.



Figure 8 shows the effect of the salts on RNA cleavage without the addition of a dye.
Compared to Figure 7, the solutions ran a greater distance without the gels. There is also a
greater gap between the second DNAzyme band and the RNA substrate band. In this gel, the
RNA substrate and RNA product ran the same distance as well causing difficulty in
distinguishing the product band. Lateral movement also occurs in this gel.
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Figure 8: Trial 2

This image shows LiCl, NaCl, and NH4Cl solutions at two time stops, 1 (24
hours) and 2 (48 hours). It also shows the control solutions which include the
positive control (MgCl, solution), the negative control (a no salt solution), RNA
substrate solution, RNA product solution, and DNAzyme. No solutions contain
the staining dye.



Figure 9 shows the activity of DNAzyme at room temperature for 72 hours with the
addition of dye. Each salt solution was loaded into two wells. Like in the last trail, the RNA
substrate band and the RNA product band traveled the same distance. The positive control
solution of Mg”" showed an absence of the lower band, and therefore it was determined that the
absence of this band indicated that the DNAzyme had cleaved the substrate. All monovalent salt
solutions showed the presence of the lower dark band, indicating no RNA substrate cleavage.
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Figure 9: Trial 3

The gel shows the effect of Li", Na", and NH4" on RNA cleavage by
DNAzyme. The reactions occurred for 72 hours at room temperature. Two
samples (1 and 2) of each salt were loaded with formamide-only loading
buffer. The Mg”" lane exhibited cleavage but the No Salt lane did not. The six
salt lanes did not show cleavage. RNA substrate and RNA product traveled
approximately the same distance
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Figure 10 shows the effect of the salts on RNA cleavage after 72 hours at room
temperature without the addition of dye. The RNA product band and the RNA substrate band
traveled the same distance. The “no salt” negative control solution showed the presence of the
lower dark band, which meant that the RNA was not cleaved, while the positive control solution
of Mg”" showed the absence of the lower dark band, indicating that the RNA had been cleaved.
All the salt lanes showed the presence of the lower dark band, and therefore there was no RNA
cleavage.
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Figure 10: Trial 3

The gel shows the effect of Li’, Na", and NH;" on RNA cleavage by DNAzyme.
The reactions occurred for 72 hours at room temperature. Two samples (1 and
2) of each salt were loaded with bromophenol blue and formamide loading
buffer. . The Mg2+ lane exhibited cleavage but the No Salt lane did not. The six
salt lanes did not show cleavage. All lanes experienced minor smearing. RNA
substrate and RNA product traveled approximately the same distance.
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Figure 11: Volume of RNA Substrate per Band
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This graph represents the average amount of RNA substrate in each lane’s band of
the gels in Figures 9 and 10. The positive had the least amount of RNA. The
negative control had nearly the same amount of RNA as the monovalent salt lanes,
suggesting that Li+, Na+, and NH4+ do not aid DNAzyme in RNA cleavage.

Figure 11 quantifies the amount of RNA substrate in each lane’s band in the two gels of

the third trial. This helped confirm our former qualitative analysis. The positive control with

Mg”" had the least amount of RNA substrate, indicating that DNAzyme with Mg as a cofactor

is most effective at cutting RNA. The negative control with no salt exhibited nearly the same

amount of cleavage as the monovalent salt lanes, implying that Li", Na', and NH," does not aid

DNAzyme in catalysis. The RNA substrate band contained the greatest amount of RNA as

expected.

[1-12]




DISCUSSION

The most significant problem in interpreting the image of the PAGE gel was the smearing
of bromophenol blue dye and the variable migration rates of nucleic acid. The difficulty in
distinguishing nucleic acid stained by SYBR®™ Green II called for an increase in the amount of
RNA loaded into the gels. Therefore, the levels of the 10-23 deoxyribozyme and the RNA
substrate were altered to achieve a 1:1 ratio for the second set of gels. For the second trial, one
gel was prepared with both dye and formamide whereas the other gel contained solely
formamide, in order to test whether the dye was responsible for the smearing. Since the 2 hour
timepoint yielded insignificant RNA cleavage in the first trial, the second trial only used the
timepoints of 24 and 48 hours. Additionally, differences between the reactions done at room
temperature and those incubated at 37°C were noted to be negligible; thus the second set of
reactions was carried out at room temperature.

The most significant problem with this trial was the variable rate of nucleic acid
migration due to high salt concentrations. Since the control lanes with low salt concentrations
(and greater resistivity) ran faster than the experimental lanes with high salt concentrations (and
greater conductance), it was determined that the gels would run more effectively by equalizing
the salt concentration of control lanes to that of experimental lanes by adding 1 M LiCl to control
lanes to increase salt concentration. To counter the inhibitory effects of high salt concentration
on electrophoresis, the salt concentration in the experimental lanes was diluted from 2 M to 1 M.

The second set of gels provided more interpretable results than the first, proving that high
salt concentration in the gel was an issue for electrophoresis. The positive control lane with Mg**
showed cleavage of the RNA substrate inferred from the disappearance of the substrate bond.
However, all lanes with monovalent salt produced band patterns differed from that containing
Mg”", implying that the 10-23 DNAzyme cannot catalyze RNA with the aid of monovalent ions.
The control lanes for the RNA substrate and RNA product lacked bands so it was unclear
whether the bands in the experimental lanes were actually RNA product or RNA substrate. There
was also an additional band in the DNA-only lane, possibly due to the DNA folding into a
secondary structure. Another set of reactions and gel was run to confirm that the DNAzyme
cleaved the RNA substrate in Mg2+ but not in Li", Na", and NH,".

For the final set of gels, the RNA controls were recreated because RNA bands did not
stain clearly in the past two runs. To avoid the formation of the secondary structure of DNA, the
DNA control and reaction solutions containing DNA were incubated at 95°C to denature all of
the DNA into its primary structure so only a single band would appear in the DNA control lane.

The third gel produced the clearest results because all lanes ran at a constant rate and
each band was fully distinguishable. Although the DNA was heated to denature all DNA to a
uniform size, two bands still appeared in lanes with DNA. Like previous trials, the RNA
substrate and RNA product control bands traveled the same distance. Due to non-optimized
electrophoresis conditions, this recurring issue may be attributed to improperly labeled samples
because last year's experiments were beset with the same issue. As a result of this discrepancy, it
is unknown whether the lower dark band contains RNA substrate, RNA product, or both.
However, it is more likely that the lower dark band contains substrate because the positive
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control of Mg”" lacked the band, implying that the RNA substrate was cleaved as expected.
Furthermore, the negative control of "no salt" contained the lower dark band, implying that RNA
substrate was not cleaved. All six experimental lanes containing the three salts were identical to
the "no salt" lane because they contained the lower dark band, indicating that cleavage did not
occur despite the high monovalent salt concentrations.

CONCLUSION

In conclusion, monovalent ions are not viable cofactors for the 10-23 DNAzyme.
Although the divalent ions ended up being more effective than the monovalents, the experiment
did give insight into the structure of the deoxyribozyme. The observation that monovalent ions
have little effect suggests that divalent ions, and not merely charge, are crucial to the function of
the 10-23 DNAzyme. This suggests that the magnesium plays more of a catalytic role rather than
a structural role as a cofactor. This observation is in contrast with the RNAzyme where high
concentrations have been found to work effectively in inducing enzymatic properties (6). The
research suggests the mechanism is chemical. This contrasts Fedoruk-Wyszomirska's paper
which shows that 10-23 can function under HHP. Therefore, since magnesium presence and
HHP both produce the same result, finding the common ground between these two methods is
essential for future research in order to define exactly what mechanism is activated.
Understanding how the DNAzyme works will require much research but holds much promise in
hopes to learn how they function and why. Once understood it is possible that the DNAzyme can
be manipulated and designed to perform specific tasks. Not only will a better understanding
allow us to manipulate DNAzymes themselves, but will also lead to the development of new
applications in which we can use these enzymes.

DNAzymes have been found to be just as effective as ribozymes in addition to being
more stable, less costly, and easier to synthesize (4). Deoxyribozymes are also highly selective,
allowing scientists to target specific nucleotides even among large chains (4). These
characteristics make DNAzyme a viable and applicable venue for research. For example, many
viruses, such as HIV, utilize genetic strains consisting of RNA, so a DNAzyme may be designed
to select for and cleave the pathogenic RNA (7). Another practical application of the DNAzyme
is in the treatment of cardiovascular disease, specifically with the 10-23 DNAzyme. Researchers
have taken the 10-23 DNAzyme and have targeted the TNF alpha mRNA in mice. This mRNA
codes for the TNF alpha complex which has found to be involved with heart failure after
infarction. After treatment with the DNAzyme, the rats showed significant improvement (8).
DNAzyme also has the potential to aid in cancer treatment by use disrupting the translation of
the mutated K-Ras(G12V) mRNA sequence. Mutated K-Ras(G12V) is responsible for the
proliferation and metastasis of many types of cancers. DNAzyme can help in cancer treatment by
cleaving the mRNA K-Ras(G12V) and therefore reducing the number of K-Ras(G12V)
synthesized (2). Another practical application for DNAzyme is in the creation of miniature lead
detecting devices that could be used for such purposes as the detection of lead in the drinking
water supply. Lead has been shown to successfully activate RNA enzyme cleavage by
DNAzyme, a property that can be utilized to detect lead. Due to its potentially smaller size as
compared to other lead detectors currently available, DNAzyme lead detectors could provide a
fast, efficient, and low cost method with less waste product produced for lead detection.

[1-14]



REFERENCES

(1
)

3)

4

©)

(6)

(7

®)

Berg JM, John TL, Stryer L. Biochemistry, Sixth Edition. 2007.

Szu-Hsien Yu, Tong-Hong Wang, Lo-Chun Au. Specific repression of mutant K-RAS by
10-23 DNAzyme: Sensitizing cancer cell to anti-cancer therapies. Biochemical and
Biophysical Research Communications. 2009 Jan 9. ScienceDirect. Cited 2009 Jul 26.
http://www.sciencedirect.com.ezproxy.drew.edu/science? ob=ArticleURL& udi=B6WB
K-4TY3WTR-

3& user=799667& coverDate=01%2F09%2F2009& rdoc=1& fmt=& orig=search& s
ort=d& docanchor=&view=c& acct=C000038258& version=1& urlVersion=0& useri
d=799667&md5=36011eeb9a3c3f0f38facf3ee04f76a6

Santoro SW, Joyce GF. Mechanism and utility of an RNA-cleaving DNA enzyme.
Biochemistry. 1998. 37:13330-13342.

Murray JB, Seyhan AA, Walter NG, Burke JM, Scott WG. The hammerhead, hairpin and
VS ribozymes are catalytically proficient in monovalent cations alone. Chemistry &
Biology. 1998 Sep 23. 5:587-595. Cited 2009 Jul 27

Perotta AT, Been MD. HDV ribozyme activity in monovalent cations. Biochemistry.
2006. 45:13357-13365.

Agnieszka Fedoruk-Wyszomirska, Eliza Wyszko, Matgorzata Giel-Pietraszuk,
Mirostawa Z. Barciszewska, Jan Barciszewski. High hydrostatic pressure approach
proves RNA catalytic activity without magnesium. 2007. 30-35.

Shubert S, Kurreck J. Ribozyme- and deoxyribozyme-strategies for medical applications
Current Drug Targets. 2004. 5:667—-681

Iversen PO, Nicolaysen G, Sioud M. DNA enzyme targeting TNF-alpha mRNA improves

hemodynamic performance in rats with postinfarction heart failure. Am J Physiol Heart
Circ Physiol 2001 281:H2211-H2217.

[1-15]




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


