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ABSTRACT

A lyophilized product of cyclic-di-AMP requires special production equipment and is thus not
suitable for large-scale production. Crystals of cyclic-di-AMP free acid are unstable under severe
conditions at 105°C. Then, the present invention addresses the problem of providing a cyclic-di-AMP
(Formula 1) crystal that can be ecasily acquired in a large amount and is very stable under the severe
conditions at 105°C. Crystals of ¢c-di-AMP sodium salt according to the present invention are extremely
stable even under the severe conditions at 105°C. Further, the crystals of ¢c-di-AMP sodium salt according
to the present invention can be prepared in a large amount by a simple process including adjusting a c-di-

AMP aqueous solution at pH 5.2-12.0 and then adding an organic solvent thereto.

Formula I
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DESCRIPTION

CRYSTAL OF CYCLIC-DI-AMP SODIUM SALT
Technical Field
[0001]
The present invention relates to crystals of cyclic-di-AMP sodium salt that can be a useful

substance as adjuvant.

Background Art
[0002]

Cyclic-di-AMP (hereinafter, referred to as “c-di-AMP?) is a substance discovered as a second
messenger in bacteria. A report (Non-Patent Literature 1) has recently shown that this substance can
induce type-I interferon and should thus be applicable as a pharmaceutical agent. To date, examples of
the ¢-di-AMP production process known include chemical synthesis processes (Non-Patent Literatures 2
and 3) or enzymatic synthesis processes using Bacillus- or Streptococcus-derived di-adenylate cyclase
(Non-Patent Literatures 4 and 5).

Currently commercially available ¢c-di-AMP is a lyophilized product. Meanwhile, the free
acid crystal disclosed in Patent Literature 1 is reportedly only the crystal that has been obtained (Patent
Literature 1). Some products are marketed as “crystalline solids”. However, the products are
amorphous and can be spread without cracking when crushed. Thus, the commercially available

crystalline solids cannot be said to be crystals (Fig. 1).

Citation List
Patent Literature
[0003]
Patent Literature 1: International Publication WO 2015/137469
Non Patent Literature
[0004]
Non Patent Literature 1: Science, 328, 1703-1705 (2010)
Non Patent Literature 2: SYNTHESIS, 24, 4230-4236 (2006)
Non Patent Literature 3: Nucleosides Nucleotides Nucleic Acids, 32, 1-16 (2013)
Non Patent Literature 4: Molecular Cell, 30, 167-178 (2008)
Non Patent Literature 5: Nagoya J. Med. Sci., 73, 49-57 (2011)

Summary of Invention
Technical Problem
[0005]
Among commonly known ¢-di-AMP is a lyophilized product. The lyophilized product needs

a lyophilizer during the manufacture.  This, itself, causes a limitation in scale-up for mass production.

1
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Thus, it has been desirable to develop a process for producing a large amount of the crystal in a simple
manner without using a special apparatus such as a lyophilizer.
[0006]

Here, the present inventors have investigated and found that existing crystals of c-di-AMP free
acid are disadvantageous because of decreased stability under severe conditions, for instance, under
conditions at 105°C.

Solution to Problem
[0007]

The present inventors have conducted intensive research on crystallization of c-di-AMP and,
as a result, has obtained crystals of ¢c-di-AMP sodium salt for the first time. In this way, the mvention

has been completed.

Advantageous Effects of Invention
[0008]

The present inventors have examined and found that crystals of c-di-AMP sodium salt can be
obtained by a process including the steps of: (1) adding a base or acid to a c-di-AMP aqueous solution to
adjust a pH to 5.2 to 12.0; (2) making the c-di-AMP aqueous solution have an optical density ODzs7 of
from 500 to 20000 as measured at a wavelength of 257 nm; (3) heating the c-di-AMP aqueous solution
to 30 to 70°C; (4) adding an organic solvent to the c-di-AMP aqueous solution; and (5) cooling the c-di-
AMP aqueous solution to 1 to 30°C. It has been revealed that the resulting crystals of c-di-AMP
sodium salt are extremely stable even under severe conditions at 105°C.  Further, the crystals of ¢-di-
AMP sodium salt according to the invention have exhibited a higher solubility than existing crystals of
c-di-AMP free acid.

[0009]

For crystallization, the pH in step (1) is particularly critical. The crystallization itself is
difficult under acidic conditions at a pH of less than 5.2.  Even if the crystals are obtained, the yield is
low and not preferable. By contrast, if the pH is 5.2 or higher, it is possible to easily obtain only
crystals of sodium salt. Hence, this process for producing a crystal of ¢c-di-AMP sodium salt according

to the invention is a process suitable for mass production of the crystal of c-di-AMP salt.

Brief Description of Drawings
[0010]
Fig. 1 is a photograph showing how a commercially available c-di-AMP crystalline solid
looked when spread.
Fig. 2 shows a crystal image of crystals o of c-di-AMP sodium salt as obtained in Example 1.
Fig. 3 shows an X-ray diffraction spectrum of the crystal a of ¢c-di-AMP sodium salt as

obtained in Example 1.
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Fig. 4 shows an infrared absorption spectrum of the crystal a of c-di-AMP sodium salt as
obtained in Example 1.

Fig. 5 shows the results of thermogravimetry/differential thermal analysis of the crystal a of c-
di-AMP sodium salt as obtained in Example 1.

Fig. 6 shows a crystal image of crystals o of c-di-AMP sodium salt as obtained in Example 2.

Fig. 7 shows an X-ray diffraction spectrum of the crystal o of c-di-AMP sodium salt as
obtained in Example 2.

Fig. 8 shows an infrared absorption spectrum of the crystal a of c-di-AMP sodium salt as
obtained in Example 2.

Fig. 9 shows the results of thermogravimetry/differential thermal analysis of the crystal a of c-
di-AMP sodium salt as obtained in Example 2.

Fig. 10 shows a crystal image of crystals B of c-di-AMP sodium salt as obtained in Example 4.

Fig. 11 shows an X-ray diffraction spectrum of the crystal B of c-di-AMP sodium salt as
obtained in Example 4.

Fig. 12 shows an infrared absorption spectrum of the crystal f§ of c-di-AMP sodium salt as
obtained in Example 4.

Fig. 13 shows the results of thermogravimetry/differential thermal analysis of the crystal 3 of
¢-di-AMP sodium salt as obtained in Example 4.

Fig. 14 is a crystal image of crystals of c-di-AMP free acid.

Fig. 15 is an X-ray diffraction spectrum of the crystal of c-di-AMP free acid.

Fig. 16 is an infrared absorption spectrum of the crystal of c-di-AMP free acid.

Fig. 17 shows the results of thermogravimetry/differential thermal analysis of the crystal of c-
di-AMP free acid.

Fig. 18 shows the results of testing stability, under severe conditions (at 105°C), of the crystals
of c-di-AMP free acid as obtained in Reference Example, the crystals a of sodium salt as obtained in

Example 1 or 2, and the crystals 3 of sodium salt as obtained in Example 4.

Description of Embodiments
[0011]
The invention provides crystals of cyclic-di-AMP sodium salt represented by the following
structural formula. X in the following structural formula represents a hydrogen atom (H) or a sodium

atom (Na); and at least on¢ of two X in the formula is a sodium atom.
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[0012]

|Chemical Formula 1]

[0013]

The crystal of c-di-AMP sodium salt can take two forms depending on the pH of ¢-di-AMP
aqueous solution during preparation. Hereinafter, the crystal of c-di-AMP obtained when the pH
ranges from 6.0 to 12.0 during preparation is defined as a crystal a and the crystal obtained when the pH
ranges from 5.2 to 6.0 is defined as a crystal .

[0014]

When the crystal o of c-di-AMP sodium salt according to the invention is analyzed by atomic
absorption spectrophotometry, the sodium content ranges from 6.2 to 6.8.  This reveals that the
abundance ratio of sodium atom per c-di-AMP molecule in the crystal a is 2.

[0015]

The crystal o of c-di-AMP sodium salt according to the invention can be obtained as a
prismatic crystal (see Figs. 2 and 6).

[0016]

In addition, the crystal o of sodium salt according to the invention is analyzed with a powder
X-ray diffractometer using Cu-Ka radiation. Then, there are characteristic peaks of diffraction angle
(20) at or near 10.9 and 23.9 (°) as demonstrated in Examples below (see Figs. 3 and 7).

[0017]

Note that generally speaking, the diffraction angles (20) in powder X-ray diffraction may
include less than 5% error.  Examples of the crystal o of sodium salt according to the invention include
crystals with perfectly matched diffraction angle peaks in the powder X-ray diffraction as well as
crystals with the diffraction angle peaks matched within less than 5% error.  For instance, in the powder
X-ray diffraction, there are characteristic peaks of diffraction angle (26) at 10.9 + 0.5 and 23.9 + 1.2 (°).
[0018]

When an infrared absorption spectrum of the crystal o of sodium salt according to the
mvention is measured, there are characteristic peaks at or near 3118, 1604, 1221, and 1074 (cm™) (see
Figs. 4 and 8).
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[0019]

Note that when an infrared absorption spectrum is measured, in general, less than 2 (cm™)
error may be included. Examples of the crystal o of sodium salt according to the invention include
crystals with peak positions perfectly matched to the above numbers in the infrared absorption spectrum
as well as crystals with the peaks matched within less than 2 cm™ error.  When an infrared absorption
spectrum thereof is measured, for instance, there are characteristic peaks at 3118 £ 1.9, 1604 £ 1.9, 1221
+1.9, and 1074 £ 1.9 (cm™).

[0020]

When the crystal o of sodium salt according to the invention is analyzed with a
thermogravimetry/differential thermal analysis (TG/DTA) device (at a programming rate of 5°C/min),
there is an endothermic peak at or near 255°C (see Figs. 5 and 9).

[0021]

When the crystal  of ¢-di-AMP sodium salt according to the invention is analyzed by atomic
absorption spectrophotometry, the sodium content ranges from 4.7 to 5.2.  This reveals that the
abundance ratio of sodium atom per c-di-AMP molecule in the crystal B is 1.5.

[0022]

The crystal B of ¢-di-AMP sodium salt according to the invention can be obtained as a cubic
crystal (see Fig. 10).

[0023]

In addition, the crystal B of sodium salt according to the invention is analyzed with a powder
X-ray diffractometer using Cu-Ka radiation. Then, there are characteristic peaks of diffraction angle
(20) at or near 9.3, 23.6, and 24.3 (°) as demonstrated in Examples below (see Fig. 11).

[0024]

Note that generally speaking, the diffraction angles (26) in powder X-ray diffraction may
include less than 5% crror.  Examples of the crystal B of sodium salt according to the invention include
crystals with perfectly matched diffraction angle peaks in the powder X-ray diffraction as well as
crystals with the diffraction angle peaks matched within less than 5% error. For instance, in the powder
X-ray diffraction, there are characteristic peaks of diffraction angle (26) at 9.3 +0.5,23.6 £ 1.2, and 24.3
+1.2(°).

[0025]

When an infrared absorption spectrum of the crystal B of sodium salt according to the
invention is measured, there are characteristic peaks at or near 3119, 1606, 1222, and 1074 (cm™) (see
Fig. 12).

[0026]

Note that when an infrared absorption spectrum is measured, in general, less than 2 (cm™)
error may be included. Examples of the crystal f of sodium salt according to the invention include
crystals with peak positions perfectly matched to the above numbers in the infrared absorption spectrum

as well as crystals with the peaks matched within less than 2 cm™ error.  When an infrared absorption
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spectrum thereof is measured, for instance, there are characteristic peaks at 3119+ 1.9, 1606 + 1.9, 1222
+1.9,and 1074 £ 1.9 (cm™).
[0027]

When the crystal B of sodium salt according to the invention is analyzed with a
thermogravimetry/differential thermal analysis (TG/DTA) device (at a programming rate of 5°C/min),
there is an endothermic peak at or near 239°C (see Fig. 13).

[0028]

When the purity of crystals of cyclic-di-AMP sodium salt is determined by high performance
liquid chromatography, the purity is 97% or higher and preferably 99% or higher. Further, the crystals
of c-di-AMP sodium salt according to the invention exhibit a higher solubility than existing crystals of c-
di-AMP free acid.

[0029]

Next, a process for producing a crystal of ¢c-di-AMP sodium salt in the invention will be
described. Here, c-di-AMP to be crystallized may be synthesized by a known procedure such as an
enzymatic synthesis process or a chemical synthesis process. The synthesis should follow an existing
protocol. For instance, the protocols described in Non-Patent Literatures 2 to 5 may be used. After
the reaction, c-di-AMP produced in the reaction solution may be purified using active carbon or reverse-
phase chromatography etc.

[0030]

The crystals of sodium salt according to the invention may be obtained by adjusting a c-di-
AMP aqueous solution at pH 5.2 to 12.0 and adding an organic solvent.

When the pH of the c-di-AMP aqueous solution is from 5.2 to 6.0, the resulting crystal of
sodium salt is a crystal . When the pH is from 6.0 to 12.0, the resulting crystal of sodium salt is a
crystal a.

The case of the pH at less than 5.2 results in precipitation in aqueous solution when a highly
concentrated c-di-AMP aqueous solution is tried to be prepared. This makes it difficult to obtain a pure
crystal of c-di-AMP sodium salt. To avoid the precipitation, the concentration of ¢-di-AMP aqueous
solution may be lowered. In this case, none or just a tiny amount of crystal of ¢c-di-AMP sodium salt
can be obtained. This makes it impossible to efficiently produce any crystal. As a result, the pH has
to be 5.2 or higher in order to efficiently prepare a crystal of c-di-AMP salt at an industrially available
level.

[0031]

To obtain the crystal at a higher yield, the above crystallization process preferably includes the
steps of: (1) adding a base or acid to a c-di-AMP aqueous solution to adjust a pH to 5.2 to 12.0; (2)
making the c-di-AMP aqueous solution have an optical density OD,s; of from 500 to 20000 as measured
at a wavelength of 257 nm; (3) heating the c-di-AMP aqueous solution to 30 to 70°C; (4) adding an
organic solvent to the c-di-AMP aqueous solution; and (5) cooling the ¢c-di-AMP aqueous solution to 1
to 30°C.
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[0032]

The pH of the c-di-AMP aqueous solution in the above step (1) may range from 5.2 to 12.0.
This enables a crystal of ¢-di-AMP sodium salt to be obtained. However, from the viewpoint of easy-
to-prepare highly concentrated aqueous solution, the pH is preferably 5.4 or higher and more preferably
5.6 or higher. Further, when the crystal is dissolved, the pH of the aqueous solution may be at or near
the neutral point. In this case, the utility is high. Thus, the pH of the c-di-AMP aqueous solution is
preferably from 7.0 to 11.0, more preferably from 7.0 to 10.0, and still more preferably from 7.0 to 8.5.
In this case, an organic solvent may be added to produce a crystal a.

[0033]

Examples of the acid used in step (1) include, but are not limited to, hydrochloric acid, sulfuric
acid, or nitric acid. Examples of the base used include, but are not limited to, sodium hydroxide or
sodium acetate. It is preferable to gently add the acid or base so as to prevent amorphous from being
precipitated or to prevent crystals from being rapidly precipitated after the rapid addition.

[0034]

In the above step (2), the optical density OD:s; of the c-di-AMP aqueous solution as measured
at a wavelength of 257 nm may be 500 or higher. In this case, an organic solvent may be added to
produce a crystal. Since the additive amount of the organic solvent as required to precipitate the crystal
may be decreased, the optical density is preferably 1000 or higher, more preferably 2000 or higher, and
still more preferably 3000 or higher. Meanwhile, in the case of highly concentrated c-di-AMP aqueous
solution, the viscosity of the solution may be increased, and as a result of which the handling
performance deteriorates. Thus, the optical density OD;s7 of the c-di-AMP aqueous solution as
measured at a wavelength of 257 nm is preferably 20000 or less, more preferably 15000 or less, and still
more preferably 10000 or less.

[0035]

In the above step (3), the ¢c-di-AMP aqueous solution is heated to a temperature of from 30 to
70°C. As the difference in the temperature from the time of cooling in step (5) increases, the crystal is
more likely to precipitate. Thus, the temperature of the aqueous solution in step (3) is preferably 40°C
or higher and more preferably 50°C or higher.

[0036]

The ¢-di-AMP aqueous solution prior to the organic solvent addition used in the crystal
acquisition step in the invention may contain an organic solvent to the extent to which no crystal
precipitates. From the viewpoint of preventing unexpected crystallization, the content of the organic
solvent is preferably 30% (v/v) or less, more preferably 20% (v/v) or less, still more preferably 10%
(v/v) or less, and still more preferably 5% (v/v) or less. It is still more preferable that substantially no
organic solvent is included.

[0037]
Examples of the organic solvent used in step (4) include, but are not limited to, alcohols

containing 6 or less carbon atoms such as methanol and ethanol, ketones such as acetone, ethers such as
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dioxane, nitriles such as acetonitrile, or amides such as dimethylformamide. From the viewpoint of
availability and safety, in particular, it is preferable to use alcohols containing 6 or less carbon atoms.
Among them, it is preferable to use ethanol.

[0038]

In the above step (5), the c-di-AMP aqueous solution is cooled to 1 to 30°C.  As the
difference in the temperature from the time of heating in step (3) increases, the crystal is more likely to
precipitate. Thus, the temperature of the aqueous solution in step (5) is preferably 20°C or lower and
more preferably 10°C or lower.

[0039]

Further, the above steps (1) to (5) are preferably carried out in sequence. However, any
continuous steps may be carried out at the same time, if appropriate.
[0040]

The crystals of c-di-AMP sodium salt as produced by the above production process may be
filtered and then dried to yield a product. For the drying, it is possible to use, if appropriate, a

procedure such as vacuum drying.

Examples
[0041]

Hereinafter, the invention will be specifically described by referring to Examples. It is clear
that the invention, however, is not limited to them.
[0042]

(Example 1) To Produce Crystal a of c-di-AMP Sodium Salt at pH 8.2.

First, c-di-AMP was enzymatically synthesized and then purified in accordance with a known
procedure.

The purified c-di-AMP solution (102 mL) with an OD»s; of 4710 and at pH 8.2 was heated to
40°C. Next, 142 mL of 99.5% (w/w) ethanol was gently added while stirring. The mixture was
cooled until the liquid temperature reached 4°C to precipitate crystals. The resulting crystals so
precipitated were filtered through a basket separator to yield wet crystals. The wet crystals were dried
at 30°C for 2 h to give 9.8 g of dry crystals.

[0043]

(A) To Analyze Form of Sodium Salt.

When analyzed by atomic absorption spectrophotometry, the crystal of ¢-di-AMP sodium salt
in this Example had a sodium content of 6.4%. This indicated that the abundance of sodium atom per
c-di-AMP molecule was 2.0. This thus revealed that the crystal a of ¢-di-AMP sodium salt in this

Example had a form of disodium salt.
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[0044]

(B) Purity Test

The purity of the ¢c-di-AMP sodium salt in the crystal o obtained in Example 1 was analyzed
by high performance liquid chromatography. As aresult, the purity of c-di-AMP was 100%. Note
that the high performance liquid chromatography was performed under the following conditions.

(Conditions)

Column: Hydrosphere C18 (manufactured by YMC, Inc.)

Eluent: 0.1 M TEA-P (pH 6.0) +4.5% ACN

Detection method: detection at UV260 nm
[0045]

(C) Crystal Form

Fig. 2 shows an image of crystals o of ¢c-di-AMP sodium salt in this Example. Fig. 2 shows
and has revealed that the crystals o of ¢-di-AMP sodium salt each have a prismatic crystal form.
[0046]

(D) Powder X-Ray Diffraction

A crystal o of ¢c-di-AMP sodium salt in this Example was subjected to X-ray diffraction
spectrometry using an X-ray diffractometer X’ Pert PRO MPD (Spectris) under the following
measurement conditions.

(Mecasurement Conditions)

Target: Cu

X-ray tube current: 40 mA

X-ray tube voltage: 45 kV

Scanning range: 26 = 4.0 to 40.0°

Pretreatment: pulverization using an agate mortar
[0047]

Fig. 3 and Table 1 show that the crystal a of c-di-AMP sodium salt in this Example had
characteristic peaks of diffraction angle (20) at or near 6.2, 10.9, 12.6, and 23.9 (°), in particular 10.9 and
23.9(°).

[0048]
[Table 1]
Relative
Intensity
20 (%) (%)
6.2 294
10.9 100
12.6 31.1
239 81.7
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[0049]

(E) Infrared Absorption Spectrum

A crystal o of ¢c-di-AMP sodium salt in this Example was subjected to infrared absorption
spectroscopy using a Fourier transform infrared spectrophotometer Spectrum One (Perkin Elmer) and
the Attenuated Total Reflectance (ATR) method.

[0050]

The crystal o of ¢-di-AMP sodium salt in this Example had characteristic peaks at or near
3119, 1604, 1220, and 1073 (cm™). Fig. 4 shows the results.

[0051]

(F) Differential Scanning Calorimetry

When a crystal a of ¢-di-AMP sodium salt in this Example was analyzed with a
thermogravimetry/differential thermal analysis (TG/DTA) device (at a programming rate of 5°C/min),
there was an endothermic peak at or near 255°C (Fig. 5).

[0052]

(Example 2) To Produce Crystal a of ¢c-di-AMP Sodium Salt at pH 10.0.

First, c-di-AMP was enzymatically synthesized and then purified in accordance with a known
procedure.

The purified c-di-AMP solution (50 mL) with an OD;s7 of 6600 and at pH 10.0 was heated to
40°C. Next, 45 mL of ethanol was gently added while stirring. The mixture was cooled until the
liquid temperature reached 4°C to precipitate crystals. The resulting crystals so precipitated were
filtered through a membrane filter (3 um) to yield wet crystals. The wet crystals were dried at 20°C for
1.5 h to give 7 g of dry crystals.

[0053]

(A) To Analyze Form of Sodium Salt.

When analyzed by atomic absorption spectrophotometry, the crystal o of c-di-AMP sodium
salt in this Example had a sodium content of 6.6%. This indicated that the abundance of sodium atom
per ¢c-di-AMP molecule was 2.0.  This thus revealed that the crystal a of c-di-AMP sodium salt in this
Example had a form of disodium salt.

[0054]

(B) Purity Test

The purity of the ¢c-di-AMP sodium salt in the crystal a obtained in Example 2 was analyzed
by high performance liquid chromatography. As aresult, the purity of c-di-AMP was 100%. Note
that the high performance liquid chromatography was performed under the following conditions.

(Conditions)

Column: Hydrosphere C18 (manufactured by YMC, Inc.)

Eluent: 0.1 M TEA-P (pH 6.0) +4.5% ACN

Detection method: detection at UV260 nm

10
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[0055]

(C) Crystal Form

Fig. 6 shows an image of crystals o of ¢c-di-AMP sodium salt in this Example. Fig. 6 shows
and has revealed that the crystals o of ¢-di-AMP sodium salt each have a prismatic crystal form.
[0056]

(D) Powder X-Ray Diffraction

A crystal o of ¢c-di-AMP sodium salt in this Example was subjected to X-ray diffraction
spectrometry using an X-ray diffractometer X Pert PRO MPD (Spectris) under the following
measurement conditions.

(Measurement Conditions)

Target: Cu

X-ray tube current: 40 mA

X-ray tube voltage: 45 kV

Scanning range: 26 = 4.0 to 40.0°

Pretreatment: pulverization using an agate mortar
[0057]

Fig. 7 and Table 2 show that the crystal o of c-di-AMP sodium salt in this Example had
characteristic peaks of diffraction angle (260) at or near 10.9 and 24.0 (°).

[0058]
[Table 2]
Relative
Intensity
20 (%) (%)
10.9 75
24.0 100
[0059]

(E) Infrared Absorption Spectrum

A crystal o of ¢c-di-AMP sodium salt in this Example was subjected to infrared absorption
spectroscopy using a Fourier transform infrared spectrophotometer Spectrum One (Perkin Elmer) and
the Attenuated Total Reflectance (ATR) method.
[0060]

The crystal o of ¢-di-AMP sodium salt in this Example had characteristic peaks at or near
3118, 1604, 1221, and 1074 (cm™). Fig. 8 shows the results.
[0061]

(F) Differential Scanning Calorimetry

When a crystal a of ¢c-di-AMP sodium salt in this Example was analyzed with a
thermogravimetry/differential thermal analysis (TG/DTA) device (at a programming rate of 5°C/min),

there was an endothermic peak at or near 255°C (Fig. 9).

11
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[0062]

(Example 3) Test for Producing Crystal of ¢-di-AMP Sodium Salt at Low pH Range (pH 5.0-
6.5).

To determine the pH range allowing for production of a crystal of ¢c-di-AMP sodium salt, a
test for producing a crystal at a low pH range (pH 5.0-6.5) was conducted.
[0063]

First, c-di-AMP was enzymatically synthesized and then purified in accordance with a known
procedure.

The purified c-di-AMP was used to prepare a c-di-AMP aqueous solution with an ODys7 of
2500 and ata pH 0f5.0,52,5.4,5.6,5.8,6.0,0r 6.5. Each resulting c-di-AMP solution (0.2 mL) with
an ODys7 of 2500 was heated to 30°C.  Next, 1 mL of 99.5% (w/w) ethanol was gently added. The
mixture was then tightly sealed and allowed to stand overnight or for several days at 30°C to precipitate
crystals. The resulting crystals so precipitated were filtered through a membrane filter to yield wet
crystals.
[0064]

Table 3 below shows the results obtained. In Table 3 below, the “Crystal” indicates whether
or not any crystal was obtained.

o: Crystals were obtained without any problem.

A: Although crystals were obtained, the amount was smaller than that at other pH.

x: The aqueous solution was unable to be prepared, and no crystal was thus obtained.
[0065]
[Table 3]

pH 5052 |54 (56|58 (6065

Crystal | x A 0 0 0 o | o
[0066]

As shown in the above Table 3, the solubility of c-di-AMP at pH 5.0 was low. Thus, it was
impossible at all to prepare a c-di-AMP aqueous solution with an OD»s; of 2500. Dilution allowed for
preparation of a c-di-AMP aqueous solution at a low concentration. However, even when the
subsequent operations were likewise carried out, no crystal was obtained. While some crystals were
able to be obtained at pH 5.2, the amount was smaller than that at a pH of 5.4 or higher. Crystals were
successfully obtained at a pH of 5.4 or higher without any problem.

[0067]

Any of c-di-AMP crystals obtained at a pH of from 5.4 to less than 6.0 exhibited a cubic
appearance and substantially the same characteristics.  This indicated the same form. At pH 6.0, the
crystals were a mixture of cubic and prismatic crystals. The ¢-di-AMP crystals obtained at a pH range,
1.e., a pH of 6.0 or higher exhibited a prismatic appearance and substantially the same characteristics as
the crystals obtained in Example 1 and 2. The above results have demonstrated that when the c-di-
AMP aqueous solution has a pH of from 5.2 to 6.0, a c-di-AMP crystal [ can be obtained as a form in
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the Examples; and when the pH ranges from 6.0 to 12.0, a crystal a of c-di-AMP sodium salt can be
obtained.
[0068]

(Example 4) To Produce Crystal B of c-di-AMP Sodium Salt at pH 5.6.

First, c-di-AMP was enzymatically synthesized and then purified in accordance with a known
procedure.

The purified c-di-AMP solution (15 mL) with an OD;s7 of 3000 and at pH 5.6 was heated to
30°C. Next, 15 mL of ethanol was gently added while stirring.  The mixture was cooled until the
liquid temperature reached 4°C to precipitate crystals. The resulting crystals so precipitated were
filtered through a membrane filter to yield wet crystals. The wet crystals were dried at 25°C for 2 h to
give 1.0 g of dry crystals.

[0069]

(A) To Analyze Form of Sodium Salt.

When analyzed by atomic absorption spectrophotometry, the crystal B of ¢c-di-AMP sodium
salt in this Example had a sodium content of 5.2%. This revealed that the abundance of sodium atom
per ¢-di-AMP molecule was 1.5.

[0070]

(B) Purity Test

The purity of the ¢c-di-AMP sodium salt in the crystal [} obtained in this Example was analyzed
by high performance liquid chromatography. As aresult, the purity of c-di-AMP was 100%. Note
that the high performance liquid chromatography was performed under the following conditions.

(Conditions)

Column: YMC-Triart C18 (manufactured by YMC, Inc.)

Eluent: 0.1 M TEA-P (pH 6.0) +4.5% ACN

Detection method: detection at UV260 nm
[0071]

(C) Crystal Form

Fig. 10 shows an image of crystals 5 of c-di-AMP sodium salt in this Example. Fig. 10
shows and has revealed that the crystals B of c-di-AMP sodium salt each have a cubic crystal form.
[0072]

(D) Powder X-Ray Diffraction

A crystal of ¢c-di-AMP sodium salt in this Example was subjected to X-ray diffraction
spectrometry using an X-ray diffractometer X Pert PRO MPD (Spectris) under the following
measurement conditions.

(Measurement Conditions)

Target: Cu

X-ray tube current: 40 mA

X-ray tube voltage: 45 kV

13
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Scanning range: 26 = 4.0 to 40.0°

Pretreatment: pulverization using an agate mortar
[0073]

Fig. 11 and Table 4 show that the crystal B of c-di-AMP sodium salt in this Example had
characteristic peaks of diffraction angle (26) at or near 9.3, 23.6, and 24.3 (°).

[0074]
[Table 4]
Relative
Intensity
20 () (%)
93 34.7
23.6 100
243 36.6
[0075]

(E) Infrared Absorption Spectrum

A crystal  of ¢-di-AMP sodium salt in this Example was subjected to infrared absorption
spectroscopy using a Fourier transform infrared spectrophotometer Spectrum One (Perkin Elmer) and
the Attenuated Total Reflectance (ATR) method.

[0076]

The crystal  of ¢c-di-AMP sodium salt in this Example had characteristic peaks at or near
3119, 1606, 1222, and 1074 (cm™). Fig. 12 shows the results.

[0077]

(F) Differential Scanning Calorimetry

When a crystal § of c-di-AMP sodium salt in this Example was analyzed with a
thermogravimetry/differential thermal analysis (TG/DTA) device (at a programming rate of 5°C/min),
there was an endothermic peak at or near 239°C (Fig. 13).

[0078]

(Reference Example) To Produce Crystal of ¢-di-AMP Free Acid.

First, c-di-AMP was enzymatically synthesized and then purified in accordance with a known
procedure.

Crystals of ¢c-di-AMP free acid were obtained from the purified c-di-AMP solution in
accordance with the procedure disclosed in Patent Literature 1. Specifically, the c-di-AMP solution
(980 mL) with an OD,s7 of 114 was heated to 50°C. Next, 2 N HCl was added portionwise to adjust
the pH to 1.8.  Then, the mixture was cooled until the liquid temperature reached 4°C to precipitate
crystals. The resulting crystals so precipitated were filtered through a glass filter (G3) to yield wet
crystals. The wet crystals were dried at 20°C for 1 h to give 2.8 g of dry crystals.

14
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[0079]

(A) Purity Test

The purity of the c-di-AMP free acid in the crystal obtained in the above Reference Example
was analyzed by high performance liquid chromatography. As a result, the purity of c-di-AMP was
100%. Note that the high performance liquid chromatography was performed under the following
conditions.

(Conditions)

Column: Hydrosphere C18 (manufactured by YMC, Inc.)

Eluent: 0.1 M TEA-P (pH 6.0) + 4.5% ACN

Detection method: detection at UV260 nm
[0080]

(B) Crystal Form

Fig. 14 is a representative image of crystals of c-di-AMP free acid.  The crystals of c-di-
AMP free acid each have a needle-shaped crystal form.
[0081]

(C) Powder X-Ray Diffraction

A crystal of c-di-AMP free acid was subjected to X-ray diffraction spectrometry using an X-
ray diffractometer X Pert PRO MPD (Spectris) under the following measurement conditions.

(Measurement Conditions)

Target: Cu

X-ray tube current: 40 mA

X-ray tube voltage: 45 kV

Scanning range: 26 = 4.0 to 40.0°

Pretreatment: pulverization using an agate mortar
[0082]

Fig. 15 and Table 5 show that the crystal of c-di-AMP free acid disclosed in Patent Literature
1 had characteristic peaks of diffraction angle (20) at ornear 9.2, 10.2, 109, 11.1, 13.7,15.2, 19.0, 20.6,
22.4,23.1,24.3,26.6, and 26.8 (°).
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[0083]
[Table 5]
Relative
Intensity
20 () (%)
92 41.9
10.2 285
10.9 32.1
11.1 279
13.7 235
15.2 100
19 59.2
20.6 46.4
22.4 26.8
23.1 21.7
243 235
26.6 25.6
26.8 38.9
[0084]

(D) Infrared Absorption Spectrum

Patent Literature 1 discloses the results obtained when a crystal of c-di-AMP free acid was
subjected to infrared absorption spectroscopy using a Fourier transform infrared spectrophotometer
Spectrum One (Perkin Elmer) and the Attenuated Total Reflectance (ATR) method.
[0085]

The crystal of ¢-di-AMP free acid disclosed in Patent Literature 1 had characteristic peaks at
or near 3087, 1686, 1604, 1504, 1473, 1415, 1328, and 1213 (cm™). Fig. 16 shows the results.
[0086]

(E) Differential Scanning Calorimetry

When a crystal of c-di-AMP free acid disclosed in Patent Literature 1 was analyzed with a
thermogravimetry/differential thermal analysis (TG/DTA) device (at a programming rate of 5°C/min),
there was an endothermic peak at or near 193°C (Fig. 17).
[0087]

(Example 5) To Test Stability of Resulting Crystals under Conditions at 105°C.

The crystals obtained in the above Example 1, Example 2, Example 4, and Reference Example
were allowed to stand under conditions at 105°C. Some crystals were sampled over time, and an
aqueous solution was prepared therefrom. Then, the purity of each crystal was analyzed by high

performance liquid chromatography. Fig. 18 and Table 6 show the results obtained.
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[0088]
[Table 6]
0 1 2 3 4 5 | (Day)
Example 1 100.00 98.75 97.98 97.98 97.87 97.15
Example 2 100.00 99.02 98.73 98.63 99.02 98.09
Example 4 100.00 99.65 99 35 99.14 99.09 98.93
Reference 85.42
100.00 91.81 88.82 86.46 86.31 (%)

Example

Table 6 has demonstrated that the crystals of c-di-AMP sodium salt according to the invention
have a better stability under severe conditions at 105°C than existing crystals of c-di-AMP free acid.
Further, solubilization of the existing crystals of ¢-di-AMP free acid required stirring. By contrast, the
crystals of c-di-AMP sodium salt according to the invention were dissolved rapidly. This has revealed
that the crystals of c-di-AMP sodium salt according to the invention exhibit a higher solubility than the
existing crystals of c-di-AMP free acid.
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Claims:

1. A crystal a of cyclic-di-AMP sodium salt, comprising characteristic peaks of diffraction
angle (26) at 10.9 £ 0.5 and 23.9 £ 1.2 (°) as measured by powder X-ray diffraction using Cu-
Ka radiation.

2. A crystal B of cyclic-di-AMP sodium salt, comprising characteristic peaks of diffraction
angle (26) at 9.3 £ 0.5, 23.6 + 1.2, and 24.3 + 1.2 (°) as measured by powder X-ray diffraction
using Cu-Ka radiation.

3. A process for producing the crystal a of cyclic-di-AMP sodium salt according to claim 1,
comprising the steps of.
adjusting a cyclic-di-AMP  aqueous solution at pH 60 to 120, and
adding an organic solvent to precipitate and obtain a crystal.

4. A process for producing the crystal a of cyclic-di-AMP sodium salt according to claim 3,
comprising the steps of.

(1) adding a base and/or an acid to a cyclic-di-AMP aqueous solution to adjust a pH at
6.0 to 12.0;

(2) making the cyclic-di-AMP aqueous solution have an optical density OD2s7 of from 500
to 20000 as measured at a wavelength of 257 nm;

(3) heating the cyclic-di-AMP aqueous solution to 30 to 70°C;

(4) adding an organic solvent to the cyclic-di-AMP aqueous solution; and

(5) cooling the cyclic-di-AMP aqueous solution to 1 to 30°C.

5. A process for producing the crystal B of cyclic-di-AMP sodium salt according to claim 2,
comprising the steps of.

adjusting a cyclic-di-AMP aqueous solution at pH 5.2 t0 6.0; and

adding an organic solvent to precipitate and obtain a crystal.

6. A process for producing the crystal B of cyclic-di-AMP sodium salt according to claim 5,
comprising the steps of.

(1) adding a base and/or an acid to a cyclic-di-AMP aqueous solution to adjust a pH at
5.2 10 6.0;

(2) making the cyclic-di-AMP aqueous solution have an optical density ODs7 of from 500
to 20000 as measured at a wavelength of 257 nm;

(3) heating the cyclic-di-AMP aqueous solution to 30 to 70°C;
18
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(4) adding an organic solvent to the cyclic-di-AMP aqueous solution; and
(5) cooling the c-di-AMP aqueous solution to 1 to 30°C.
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