International Conference on Mechatronics, Electronic, Industrial and Control Engineering (MEIC 2014)

Enzyme Catalyzed Synthesis of a,[}-
fluoromethylene- ATP and
Optimization of Reaction Conditions

Li Yan

Department of Nuclear Technology & Chemistry and
Biology
Hubei University of Science and Technology
Xianning,China
Liyan750607@163.com

Zeng Zhigang
Department of Nuclear Technology & Chemistry and
Biology
Hubei University of Science and Technology
Xianning,China
275496523 @qq.com

Abstract—a,p-fluoromethylene-ATP  is  advantageously
obtained via pho-sphorylation of corresponding ADP
analogue using catalytic NTP(N=A or U),PEP,nucleoside
diphosphate kinase(NDPK), and pyruvate kinase(PK). In
order to find the optimized reaction conditions of synthesis
of o,p-CHF -ATP via the catalysis of ATP or UTP , the
effect of the ratio of PK/NDPK and the dosage of catalyst
(ATP, UTP) on the reaction yield and reaction rate were
investigated .the yield and reaction rate are discussed in
relation to the proportion of PK/NDPK and the amount and
types of NTP. via the catalysis of ATP, When the ratio of
PK/NDPK is 3, the ratio of ATP / a,-CHF -ADP is 5%, the
reaction conditions are optimized. But ,via the catalysis of
UTP, When the ratio of PK/NDPK is 3, the reaction rate is
small,so.,further optimization of reaction conditions is
necessary; Via the catalysis of UTP, when the ratio of
PK/NDPK is 3, the ratio of UTP / a,p-CHF -ADP is
30% ,the reaction conditions are optimized.
Keywords-a,f-fluoromethylene-ATP; Catalysis; NTP; PK;

Optimized;

L INTRODUCTION

Methylenebisphosphonates are pyrophosphate
analogues in which a carbon atom replaces the bridging
oxygen atom between the two phosphate groups. Various
substitutions on the bridging carbon with different side
chains produce novel compounds. They are currently the
major class of drugs used for the treatment of osteoporosis
and other diseases characterized by excessive bone
resorption. DNA polymerase (pol) B is a member of the
X-family of DNA polymerases and plays an important role
in the base excision repair that cleanses the genome of
simple base lesions[1-6] . It has been the subject of
extensive Studies examining its key roles in repair and
cancer[7-15] .Nucleoside-5’-triphosphate analogues in
which the o,B-bridging oxygen has been replaced with a
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CXY group are useful chemical probes to investigate DNA
polymerase catalytic and base-selection mechanisms[16-
20].

Some a,f-CXY-NTP analogue have been
synthesizedand studied as probes. However, the synthesis
method mainly is chemical synthesis which is more
complex and more slowly . we reported here a,p-
fluoromethylene-ATP is advantageously obtained via
phosphorylation of corresponding ADP analogue using
catalytic NTP(N=A or U), PEP,nucleoside diphosphate
kinase(NDPK), and pyruvate kinase(PK)(Scheme 1). The
yield and reaction rate are discussed in relation to the
proportion of PK/NDPK and the amount and types of NTP
and the respective optimized reaction conditions are found
via the catalysis of ATP and UTP[21-25].
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Figure 1. Synthesis of a,-CHF-ATP analogues



II. EXPERIMENTAL

A.  .Materials and methods

All reagents were purchased from commercial sources .
Ion exchange HP-LC experiments were carried out using a
Varian ProStar 210 (pump/Inject-tor) and Shimadzu SPD-
10A VP (UV-visible detector, set to approx. full abs. Scale
(1 volt output for the major UV peak, emax wavelength
~274 nm for pyrimidine or ~266 for purine nucleotides) on
Varian 10 mm x 100 mm PureGEL SAX or 21.4 mm x
250 mm SP15/25 NUCLEOGEL SAX (Macherey-Nagel)
ion exchange columns. Analytical ion exchange HPLC on
the SAX column was done using a 0-->50% linear gradient,
A = water, B = 0.5 M LiCl, 30 min, 4 mL/min. Semi-
preparative ion exchange HPLC on the SAX column was
done using a 0 --> 100% linear gradient, A = water, B =
0.5 M TEAB/10% CH3CN, pH = 8, 20 min, 9 mL/min.
NMR spectra were obtained using a Varian Mercury 400
NMR spectrometer. Chemical shifts (§) are reported in
parts per million (ppm) relative to internal residual CHCI3
in CDCI3 (8 7.24, 1H), internal residual HDO in D20 (pH
~8, & 4.8, 1H), external 85 % H3PO4 (6 0.00, 31P) or
external CFCI3 (6 0.00, 19F).

B.  Synthesis

1)  Synthesis of adenosine-5 -tosylate[3] ,1
A quantity (534 mg, 2.0mmol) of adenosine is weighed
out in a dried round bottom flask and dried by co-
evaporation with pyridine. The dried nucleoside is then
dissolved in 20 mL of anhydrous pyridine and cooled to
0°C. Then, 494 mg (2.0 mmol) of p-toluenesulfonyl
chloride is added to the stirring nucleoside solution. The
reaction is monitored by IHNMR. When the reaction has
completed (17 h), the mixture is warmed to room
temperature after which it is two-thirds concentrated in
vacuo and added to 15 ml of ice-cold H20 . 60 ml of dried,
chilled ethyl acetate is added and the organic layer is
extracted and washed with bicarbonate solution (chilled).
The organic layer is dried over MgSO4. The solvent is
removed under reduced pressure and the product is dried

and obtained as a colorless foam (337 mg -40%).

2)  Synthesis of tris(tetrabutylammonium) salt of
(fluoromethylene) bis(phosphonic acid)

The (fluoromethylene)bis(phosphonic acid) [1-3] is
dissolved inH2O. The aqueous solution is titrated to pH
7.6 with 40% tetrabutylammonium hydroxide. The solvent
is removed under reduced pressure and dried leaving a
colorless foam[1-3] .

3)  Synthesis of adenosine- 5'-(fluoromethylene) bis
(phosphonate),2

A quantity (168.4mg, 0.4 mmol) of dried adenosine-
5’-tosylate is added to a dried round bottom flask and
cooled to 0°C. The dried tosylate is then dissolved in 1.5
mL of dried and distilled acetonitrile. In a separate flask,
514.2 mg (0.6 mmol) of the dried tris(tetrabutylammo-
nium) salt of CHFBP is dissolved in 1.5 mL dried and
distilled acetone-trile. The CHFBP solution is added to the
tosylate solution dropwise. The reaction is monitored by
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ion-exchange HPLC. After completion (48 h), the reaction
mixture is diluted with 0.5M TEAB buffer (pH ~ 8) and
purified via two-stage preparative ion-exchange HPLC on
SAX followed by repurification on the C-18 column.a,f-
CHF-ADP( 2) is obtained as a triethylammonium salt.
(71.4 mg - 40% yield). 1H: 8.46(s), 8.37 (s), 8.13(s),6.01
(d), 4,43(s)4.65(d)4.64 (d), 4.11 (m), 3.65(1),2.89 (s),
2.73(s),1.84 (s); 31P: 7.0 (m), 14.0 (m); 19F: -116.3 (d of
d).
4) Synthesis  of  a,f-fluoromethylene-adenosine
triphosphate (o,p-CHF- ATP), 3

a) Method A: using catalytic ATP synthesis

36 mg (0.08 mmol) of a,B-CHF -ADP 2 are added to a

round bottom flask and 24.5 mg of KCI and 21 mg of
MgCl2 as well as 25 mg of phosphoenol pyruvic acid (PEP)
are added and prepared in 1mL of 50 mM HEPES buffer.
In a separate eppendorf tube, 1 unit of pyruvate kinase (PK)
are prepared and dissolved in 200 uL. HEPES buffer. In a
separate eppendorf, 1 unit of nucleoside diphosphate
kinase (NDPK) is prepared in 200 pL. HEPES buffer, as
well. All of the solutions are kept at 0 °C prior to
incubation. The PK solution is added to the dNDP solution.
A catalytic amount of ATP is added to the NDPK solution
prior addition to the reaction mixture.The reaction is
incubated at 37 °C. The reaction is monitored by ion-
exchange HPLC. However, before analysis the enzymes
are removed from the product mixtures by passing them
through an Amicon YM-10 micronfilter. After
approximately 48 h, the enzymes are removed via filtration
and the reaction mixture is purified via two-stage
preparative ion exchange HPLC on SAX and then on C-18.
o,B-CHF-ATP 3 is obtained as the triethylammonium salt
(15 mg). 1H: 8.46(s), 8.13(s),6.04 (d), 4,69(s),4.48(d),4.24
(d), 4.19 (m), 3.19(1),2.89 (s), 1.64 (s); 31P:1 4.29 (t), 1.23
(m), -6.20 (d); 19F: -119.6 (d of d).

b) Method B: using catalytic UTP synthesis

36 mg (0.08 mmol) of a,f-CHF -ADP 2 are added to
aound bottom flask and 24.5 mg of KCl and 21 mg of
MgCl2 as well as 25 mg of phosphoenol pyruvic acid (PEP)
are added and prepared in ImL of 50 mM HEPES buffer.
In a separate eppendorf tube, 1 unit of pyruvate kinase (PK)
are prepared and dissolved in 200 uL. HEPES buffer. In a
separate eppendorf, 1 unit of nucleoside diphosphate
kinase (NDPK) is prepared in 200 pL. HEPES buffer, as
well. All of the solutions are kept at 0 °C prior to
incubation. The PK solution is added to the dNDP solution.
A catalytic amount of UTP is added to the NDPK solution
prior addition to the reaction mixture.The reaction is
incubated at 37 °C. The reaction is monitored by ion-
exchange HPLC. However, before analysis the enzymes
are removed from the product mixtures by passing them
through an Amicon YM-10 micronfilter. After
approximately 48 h, the enzymes are removed via filtration
and the reaction mixture is purified via two-stage
preparative ion exchange HPLC on SAX and then on C-18.
a,B-CHF-ATP 3 is obtained as the triethylammonium salt
(15 mg). 1H: 8.46(s), 8.13(s),6.04 (d), 4,69(s),4.48(d),4.24
(d), 4.19 (m), 3.19(1),2.89 (s), 1.64 (s); 31P:1 4.29 (1), 1.23
(m), -6.20 (d); 19F: -119.6 (d of d).



III. RESULTS AND DISCUSSION

In order to find the optimized reaction conditions of
synthesis of o,B-CHF -ATP via the catalysis of ATP or
UTP , the effect of the ratio of PK/NDPK and the dosage
of catalyst (ATP, UTP) on the reaction yield and reaction
rate were investigated .

A. (—) . The effect of the ratio of PK/NDPK on the
reaction yield and reaction rate via the catalysis of

ATP
The effect of the ratio of PK/NDPK on the reaction _ _ _ _
yield and reaction rate is studied, experimental data (see Figure 2. the relation of the ratl.o of PK/NDPK and the yield of
table 1) reaction
TABLE I. THE EFFECT OF THE RATIO OF PK/NDPK ON THE REACTION 'ACCOI ding to Flg 2, via the‘catalysm of ATP, When the
YIELD AND REACTION RATE(THE REACTION TIME /30 MINUTES) ratio of PK/NDPK is 3, the ratio of ATP / a,f-CHF -ADP
Exp | «f-CHF- | PEP | ATP | NDPK | PK | Yield | Viumol is 5 A),‘ the reaction conditions are optimized. But‘ ,via the
No | ADP/umol | /umol | /umol | /unit | /unit | /% /min catalysis of UTP, When the ratio of PK/NDPK is 3, the
/unitNDPK. | reaction rate is small,so.,further optimization of reaction
! 0.5 12510025 | 004 1 004 | 366 0.15 conditions is necessary. We study the relationship between
3 03 125 10025 T 004 008 | 435 018 the amount of UTP and reaction yield and reaction rate
when the ratio of PK/NDPK is 3.The experimental data are
3 0.5 1.25 0.025 0.04 0.12 44.5 0.19 shown in Table 3.
4 0.5 125 1 0.025 | 0.04 | 0.24 | 469 0.20 TABLE III. THE EFFECT OF THE AMOUNT OF UTP ON THE REACTION
YIELD AND REACTION RATE(THE REACTION TIME /30 MINUTES)
B.  (Z).The effect of the ratio of PK/NDPK on the Exp op- PEP | UTP | NDP | PK | Yiel | V/umol
reaction yield and reaction rate via the catalysis of No- | CHE- | /um | /um K funit | d /min
Y ! VSIS O ADPu | ol | ol | sunit /% | funitNDP
UTP mol K
The effect of the ratio of PK/NDPK on the reaction ! 0.5 12510031004 | 0.12 ) 219 0.09
yield and reaction rate is studied, experimental data (see 3 03 125 1006 | 004 012 [ 311 013
table 2).
3 0.5 1.25 0.10 0.04 0.12 | 35.1 0.15
TABLE II. THE EFFECT OF THE RATIO OF PK/NDPK ON THE REACTION
YIELD AND REACTION RATE(THE REACTION TIME /30 MINUTES) 4 0.5 1.25 | 0.15 0.04 0.12 | 399 0.17
Exp | af-CHF- | PEP | ATP | NDPK | PK | Yield [ V/umol
No | ADP/umol | /umol | /umol | /unit | /unit 1% /min .
/unitNDPK By the data of table 3 data, When the ratio of
1 05 125 | 0.025 | 0.04 | 0.04 | 366 0.15 PK/NDPK is 3,the effect of the amount of UTP on the
reaction yield and reaction rate can be found ( see Fig .3)
2 0.5 1.25 0.025 0.04 0.08 43.5 0.18
3 0.5 1.25 0.025 0.04 0.12 44.5 0.19
4 0.5 1.25 0.025 0.04 0.24 | 469 0.20

By the data of table 1 and table 2 data, the relation of
the ratio of PK/NDPK and the yield of reaction can be
found ( see Fig .2)

Figure 3. The effect of the amount of UTP on the reaction yield

According to Fig .3, via the catalysis of UTP, When the
ratio of PK/NDPK is 3, the ratio of UTP / a,3-CHF -ADP
is 30% ,the reaction conditions are optimized.
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