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2’3’ cyclic Guanine Monophosphate Adenosine Monophosphate (cGAMP) falls under a class of signaling molecules
called Cyclic-Dinucleotide’s (CdiNMP). CdiNMP’s carry information that will instruct a cell to initiate or mediate a
specific cell response in both prokaryotic and eukaryotic organisms. The structure of 2’3’cGAMP contains one
canonical 3’-5’phosphodiester bond and one non-canonical 2’-5’ phosphodiester bond. Unlike 2’3’cGAMP, its sister
molecule 3’3’cGAMP contains two canonical 5’-3’ bonds. In both molecules cleavage of the phosphodiester bonds is
kinetically unfavorable but thermodynamically favorable. In cDiNMP’s, the presence of the adjacent nucleophilic 2’
or 3’ oxygen will act as the source of attack on the phosphorus, if activated. While previous work done to look into
metal ion catalysis of 3’3’cGAMP and 2’3’cGAMP in aqueous conditions has shown that 2’3’cGAMP is hydrolyzed 30fold faster in the presence of 0.33 M Ca2+. Through High Performance Liquid Chromatography experiments and
kinetic analysis, we looked into the 30-fold difference by determining the mechanism by which 2’3’cGAMP is
hydrolyzed under aqueous conditions and in the presence of a Ca2+ catalyst. In the context of 2’3’cGAMP, utilizing
HPLC, observed intermediates indicated a two-step kinetic mechanism, whereas no intermediates are observed in the
3’3’cGAMP mechanism. We propose a mechanism with a fast first step occurring at the 5’-2’ bond followed by slow
cleavage of the 5’-3’ bond. Kinetic data indicated a mechanism with the second step as the rate determining step.
Further kinetic analysis highlighted the behavior of the rate as a function of various calcium concentrations, which
was consistent with a single, saturable catalytic ion. This behavior is consistent with a one-metal ion mechanism
observed previously in 3’3’cGAMP and the RNA model UpG. In addition, four products, 2’AMP,3’AMP,2’GMP, and
3’GMP were confirmed utilizing HPLC standards that indicate retention times of the products, further confirming the
proposed mechanism.
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Figure 1: Our proposed hydrolysis mechanism of 2’3’cGAMP. First the labeled 5’-2’ bond is hydrolyzed through an intramolecular attack by the 3’
OH. Followed by the production of the first intermediate and the cleavage of the 5’-3’ bond to form the rest of the intermediates and products. In
which case, k2>>k1>k3.

Results
Table 2: Comparison with other RNA Model Systems

Table 1: Products and their Retention Times
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Figure 6: Identification of the Four Products. (Top) ID of 2’
AMP and 3’AMP products was done by comparing the size
of peaks under normal reaction conditions vs reaction
conditions that have been injected with spikes of one
product or two. (Bottom) ID of 2’ and 3’ GMP products
utilizing similar techniques.

-Peak 5.8 is 2'3'cGAMP's reactant peak. Peaks 8.7 and 9.5 are
2'3'cGAMP's intermediate peaks. Peaks 5.3, 7.1, 7.3, and 17 are
2'3'cGAMP's product peaks, respectively 3’GMP, 3’AMP, 2’GMP,
& 3’AMP.
-Since a rectangular hyperbole was generated after plotting calcium
concentrations vs the k1 rate constants, we concluded that
2'3'cGAMP is cleaved by one cation only. While k2 rate constants vs
calcium concentrations indicated that the second phosphodiester
bond, the 5’-3’ bond, is rate determining.
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- Using Ribonuclease T1 and Microccol Nuclease we plan on
adding them into reactions with large intermediate amounts to
acquire specific product molecules and back track to confirm
intermediate structures.
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Figure 1: HPLC of Absorbance vs Time. This
chromatograph depicts the molecules produced
throughout the mechanism under various calcium
concentrations. A peak is indicative of a structure on
the proposed mechanism and it’s retention time, listed
in table 1.
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Materials and Methods
500 nL Reactions were kept at 37 o C containing 10 nmol of 2’,3’
c GAMP with varying concentrations of CaCl 2 (0-0.33 mols). Each
solution contained NaCl to maintain ionization of 1 as well as 0.20M
CAPS Buffer at pH 11.46. 50 nL of solutions were placed into 60 uL of
EPPS at pH 7 or 8 to slow down the eaction at that specific time point.
For each solution 8 time points were determined, at which they were
stopped. Aliquots were placed into freezer at -20 o C to stop reactions
completely. From the aliquots, 100 nL were put through High
performance Liquid Chromatography. HPLC contained polar 0.1 M
Ammonium Acetate with 2% acetonitrile as mobile phase with stationary
non polar phase in the reverse phase column. Identification of
chromatographs peaks were determined by comparing standards of
products, utilizing ribonuclease T1 to acquire 3’GMP product. Kinetic
Studies were calculated by plotting integrated areas under HPLC peak on
Kaleidagraph to determine rate constants and to help identify
intermediates from products and reactants utilizing best curve fits. Curve
fits were derived using integrated rate law equations, figure 3.
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2’3’ cyclic Guanine Monophosphate Adenosine Monophosphate
(cGAMP) falls under a class of signaling molecules called CyclicDinucleotide’s (CdiNMP). CdiNMP’s carry information that will instruct
a cell to initiate or mediate a specific cell response in both prokaryotic
and eukaryotic organisms. The structure of 2’3’cGAMP contains one
canonical 3’-5’phosphodiester bond and one non-canonical 2’-5’
phosphodiester bond. Unlike 2’3’cGAMP, its sister molecule
3’3’cGAMP contains two canonical 5’-3’ bonds. In both molecules
cleavage of the phosphodiester bonds is kinetically unfavorable but
thermodynamically favorable. In cDiNMP’s, the presence of the adjacent
nucleophilic 2’ or 3’ oxygen will act as the source of attack on the
phosphorus, if activated. While previous work done to look into metal
ion catalysis of 3’3’cGAMP and 2’3’cGAMP in aqueous conditions has
shown that 2’3’cGAMP is hydrolyzed 30-fold faster in the presence of
0.33 M Ca 2+ .
Through High Performance Liquid Chromatography experiments
and kinetic analysis, we looked into the 30-fold difference by
determining the mechanism by which 2’3’cGAMP is hydrolyzed under
aqueous conditions and in the presence of a Ca 2+ catalyst. In the context
of 2’3’cGAMP, utilizing HPLC, observed intermediates indicated a twostep kinetic mechanism, whereas no intermediates are observed in the
3’3’cGAMP mechanism. We propose a mechanism with a fast first step
occurring at the 5’-2’ bond followed by slow cleavage of the 5’-3’ bond.
Kinetic data indicated a mechanism with the second step as the rate
determining step. Further kinetic analysis highlighted the behavior of the
rate as a function of various calcium concentrations, which was
consistent with a single, saturable catalytic ion. This behavior is
consistent with a one-metal ion mechanism observed previously in
3’3’cGAMP and the RNA model UpG. In addition, four products,
2’AMP,3’AMP,2’GMP, and 3’GMP were confirmed utilizing HPLC
standards that indicate retention times of the products, further confirming
the proposed mechanism.
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Figure 4: Absorbance vs Time. Kaleidagraph
displaying the various reactant, intermediate, and
product peaks over time in the presence of 0.20 M
Ca2+.

Figure 5: K1/K2 vs. [CaCl2]. Kaleidagraph displaying
the rate constants of the first step against calcium
concentrations and the second step for comparison.
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