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Fig. S1. Examples of naturally occurring phosphate- and ribose-modified nucleotides or
synthetic analogues with biological and therapeutic applications. a) NTPaSe — polymerase
substrates for nucleic acids modification'; b) ATPaS,B-yCH. — chelating agent with potential in
Alzheimer’s treatment?; ¢) 5-O-MeUDPaBH; — agonist of P2Y receptor®; d) NMPF, NDPF, and
NTPF — unnatural substrates of HIT family enzymes*; e) sofosbuvir — anti-viral drug®; f) PAPS —
natural compound, universal sulfotransferase cofactor®; g) 4E-i — prodrug form of translation
inhibitor targeting elF4E protein”®; h) phosphorothioate DNA — synthetic modification used for
therapeutic oligonucleotide (ON) stabilization, later discovered in bacteria®; i) ProPPNucleotides —
cell-permeable NTP prodrugs?’; j) ATPB-yCCl, — metabolite of bisphosphonate anti-osteoporotic
drug, clodronate!*®., Nuc = 5'-nucleosidyl moiety, Base = Adenine, Guanine, Cytosine, or

Thymine.
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Fig. S2. Syntheses of isotopically labelled nucleotides carried out in this work: A -
Nucleoside 5’-phosphorylation, nucleoside 5’-thiophosphorylation, nucleoside 5'-
amidophosphorylation, B and C - P-Imidazolide hydrolysis.
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Fig. S3. Fragment ion relative intensity distribution depending on Coll

ADP.



5 uM
20 uyM
50 uyM
100 uM
200 uM
500 uM

-
o
o

50

Relative intensity %

DA ODAOD NAD N D O DO
A 03(5.@,(\\%%'\.{,\@0}.5%‘@;}

150' N =N
L ¢ 7 H,O/MeOH  1:1

H,0

MeOH

50 mM CH;COONH,, pH 5.9/MeOH 1:1
50 mM CH,COONH,, pH 5.9/ 20% MeOH
50 mM CH3COONH,, pH 5.9/ 10% MeOH
50 mM CH;COONH, pH 5.9

ACN

50 mM CHCOONH,, pH 5.9/ 20% ACN

Relative intensity %

O A P (O A5 P N © ® O
RNl N U i

1501 .
S 20 pl/min
O\o Ho‘g*oj.l‘o Oq" Nj 10 IJI/m|n
% 1004 OH OH Il 40 ul/mln
5 Bl 80 pl/min
<
¢
3 50+
Q
o
0-

O AN DAOD NAD N D O D O
NN\ AN I N S

Fig. S4. Relative ion intensities in ESI(-) MS/MS spectra of: A) ADP dissolved in 50 mM
CH3COONH,4 pH 5.9/ 20% MeOH at various concentrations. The data shown are mean relative
intensities from duplicate experiments +/- S.D. B) 50 yM ADP depending on solvent composition.
C. 50 uM ADP in 50 mM CH3COONH, pH 5.9/ 20% MeOH depending on infusion flow rate.
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Fig. S5. Comparison of MS and MS/MS spectra in positive and negative ion mode for
m’GMP (A) and AMP (B).
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Fig. S6. Negative-ion mode fragmentation of nucleoside 5’-diphosphates. a) ESI(-)/MS/MS
spectra of GDP and its B-[*®0]-labelled analogue. b) Proposed fragmentation pathways for
NDPs, exemplified by the fragmentation of GDP. c) Possible mechanism for the transfer of [*0]
from the B-phosphate to a-phosphate, explaining the presence of [¥O]-labelled guanosine
monophosphate derivatives in the MS/MS spectrum of B-[**0]-GDP.
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Fig. S7. Negative-ion mode fragmentation of nucleoside 5’-triphosphates. a) ESI(-)/MS/MS
spectra of GTP and its y-[*30]-labelled analogue. b) Proposed fragmentation pathways for NTPs,
exemplified by the fragmentation of GTP.
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Table S1. Names and structures of investigated compounds.

2'-dCMPF

CMP

UMP

CMPF

UMPF

monophosphate

2’-deoxycytidine 5'-
fluoromonophosphate

Cytidine 5'-
monophosphate

Uridine 5'-
monophosphate

Cytidine 5-

fluoromonophosphate

Uridine 5'-

fluoromonophosphate

2',3'-dideoxycytidine 5'-

NH, 309 10
SN
e (1L
P N~ >0
F~1~0 o)
OH
OH
NH, 323 10
NN
I | /K
HO/|I:\0 N ©
OH ©
OH OH
0 324 10
NH
9 |
I
Ho/Ff\o o N o)
OH
OH OH
NH, 325 20
N

OH OH
0 326 20
NH
g (X
o

100

100

100

150

100

(YOSHIKAW.
M et al., 1967)

(Baranowski et
al., 2015)

(YOSHIKAW.
M et al., 1967)

(YOSHIKAW.
M et al., 1967)

(Baranowski et
al., 2015)

(Baranowski et
al., 2015)



7. | 3-dAMP
8.  2-dAMP
9.  [**0,1®0]2-
dAMP
10. UMPS
11. AMPaBHs
12. AMPNH,

3’-deoxyadenosine 5’-
monophosphate

2’-deoxyadenosine 5’-
monophosphate

2'deoxyadenosine 5'-
([180] 180]_
monophosphate)

Uridine 5'-
thiomonophosphate

Adenosine 5'-
boranomonophosphate

Adenosine 5-
amidophosphate

NH, 331

OH
NH, 331
NN
i AL
HO 1 ~0O e} N N
OH
OH
NH, 335
N
18 IN
P, G
H180/|\O 0 N N
o]
OH
o 340
o | NH
P NS0
Ho’é O_l o l
OH OH
— — - 345
NH,
IN
\CP\) </| ) H
HO” 10 o NN
BH; ij
OH OH
346
NH,
AN
2 ¢1 )
HN/|ID\0 N N7
2 O_ [e)

20

50

100

100

10

10

30

100

100

100

100

150

Commercial
(Sigma
Aldrich)

Commercial
(Sigma
Aldrich)

Experimental

(Kowalska et
al., 2008)

(Kowalska et
al., 2014)

Experimental



13. 5-AMP, AMP

14. 3-AMP

15. AMPF oBHs

16. GMPH

17. AZTMP

18. 2'-F, 2-dAMP

Adenosine 5’-
monophosphate

Adenosine 3’-
monophosphate

Adenosine 5'-
fluoroboranomonophos
phate

Guanosine 5’-H-
phosphonate

3'-azido-3"-
deoxythymidine 5'-
monophosphate

2’-fluoro-2’-
deoxyadenosine 5'-
monophosphate

N
Q ¢ |
P\ N
HO"1~0
OH O
OH OH
NH»
N IN
e
HO 0 N
O OH
O<p”
lID\OH
HO
B NH»

F7170 N
BH3 o
OH OH
(0]
NH
o G
P. -
H~1 >0 0 N™ "NH;
H
OH OH
O
HN

N
0 a
N

HO™1~0—

OH F

347

347

347

347

347

349

20

100

20

20

10

50

50

100

50

50

50

100

Commercial
(Sigma-
Aldrich)

Commercial
(Sigma
Aldrich)

(Baranowski et
al., 2015)

(Strenkowska
et al., 2012)

(YOSHIKAW.
M et al., 1967)

Experimental



19. AMPF

20. ['80] AMP

21. [%0,80]AMP

22. [180,180]2'-F,
2-dAMP

23. GMP(NHy),

24, GMPBHs

25.| GMPNH;

Adenosine 5"
fluoromonophosphate

Adenosine 5'-([*80]-
monophosphate)

Adenosine 5'- ([*80,
180]-monophosphate)

2’-fluoro-2’-
deoxyadenosine ([*20,
180]-monophosphate)

Guanosine 5"
phosphorodiamidate

Guanosine 5™
boranophosphate

Guanosine 5™
amidophosphate

NH, 349
N
N
o ¢ )
F/||3\ N N/
O
OH i ?1
OH OH
NH, 349
0 ¢ | J
H%o-T~0 o VON
OH i j
OH OH
NH, 351
18 N XN
0 ¢ |

OH OH
NH, 353
N
18 N
S
H180/|\O o N N
OH i j
OH F
e} 361
N
NH
i (Nfi
HZN/[lj\O 10 N NH>
H>
OH OH
. ] 361
o
N
o (ﬁNH
I .
HO/T\P o N NA\NHZ i
BHj ij
OH OH
e} 362

100

100

100

50

10

10

100

50

100

100

100

50

100

50

(Baranowski et
al., 2015)

Experimental

Experimental

Experimental

Experimental

(Kowalska et
al., 2014)

Experimental



26.

27.

28.

29.

30.

31

2’-NHy, 2’-

dGMP

3’NH2GMP

AMPS

GMP

[180]AMPS

GMPF

2'-amino-2'-
deoxyguanosine 5'-
monophosphate

3'-amino-3'-
deoxyguanosine 5'-
monophosphate

Adenosine 5'-
thiomonophosphate

Guanosine 5™
monophosphate

adenosine 5'-
([*80]thiomonophospha
te)

Guanosine 5
fluoromonophosphate

0
N
NH
Q ¢ | )
Ho-T~ o NTONTONH,
OH i ?1
OH NH,
o)
N
N
o G
HO-' =0 o NTSNTNH
OH i?l
NH,OH
NH,
N
N
Q ¢ ] J
P. z
HO™ o I N
OH OH
0
N
N
0 a )
Ho- T~ o \TONTNH
OH k ?f
OH OH
NH,
N BN
N
i ¢
H'®%o-T~0 o NN
SH
OH OH
(0]
N
9 ¢ | By
F71>0 0 NN NH,
H

362

362

363

363

365

365

70

50

20

100

100

10

30

50

50

100

50

100

(Jemielity et
al., 2012)

Experimental

(Kowalska et
al., 2008)

Commercial
(Sigma-
Aldrich)

Experimental

(Baranowski et
al., 2015)



32.

33.

34.

35.

36.

37.

[*80,*0]3'NH2 | 3'-amino-3'-

GMP

[[180]180]
AMPS

CO-GMPH

m’GMPNH;

2'-NH, 2’-d
m’GMP

m’GMP

deoxyguanosine 5'-

([180]180]_

monophosphate)

Adenosine 5'-

tiomonophosphate €0

isotope

2',3-0,0-carbonyl-
guanosine 5’-H-

phosphonate

N7-methylguanosine 5'-
amidophosphate

2'-amino-2'-deoxy-7-
methylguanosine 5'-
monophosphate

N7-methylguanosine 5'-
monophosphate

N
‘.F?, ¢ |
18 - N
H <10
QSOH O
NH,OH
N
18
g ¢
18 - N
H 0710
SH o
OH OH
(0]
N
Q ¢ |
P- N
H 1 ~0 N
OH °
O O
Y
(0]
\+
N
Q a
P< N
HoN"1~0 N
OH 0
OH OH
\N+
.CP? ¢ |
- N
HO"1 =0 N
OH 0
OH NH,
O
\N+
?P? ¢ |
-~ ~ N
HO" 1 ~0 o N

366

367

373

376

376

377

70

100

20

30

50

10

30 Experimental

100 Experimental

50 Experimental

50 Experimental

50 (Jemielity et
al., 2012)

30 (Jemielity et
al., 2003)



38.

39.

40.

41.

42.

43.

44,

m2-°GMP

3’-OMeGMP

GMPS

GMSP

2'-dCDP

m2 72 °GMP

m’GMPOCH;

2’-O-methylguanosine
5’-monophosphate

3’-O-methylguanosine
5’-monophosphate

Guanosine 5-
thiomonophosphate

Guanosine 5’-
phosphorothiolate

2'deoxycytidine 5'-
diphosphate

N7,2-O-
dimethylguanosine

N7-methylguanosine 5'-
(O-

methyl)monophosphate

0
N
NH
o ¢ |
P
Ho T 0— o NTONTONH,
OH k; ;}
OH O_
0
N
N
it <AL
HO- " ~0 o N N NH,
OH i j
O OH
0
N
NH
9 ¢ |
Ho-"~0 o NTSNTONH,
SH
OH OH
0
N
NH
9 ¢ |
Ho~s— o NTONTONH,
OH
OH OH
NH,
AN
Q ¢ N
P_._P. N0
HO"1~071~0 o)
OH OH k; :ﬁ
OH
.
o) NS N
c o S
HO” 1 ~O 0 NTSN NH;
OH
OH O_
.0
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a
"
\O/'ID\O o NJ\NHz
OH

377
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379

379

387

391

391

100

100

20
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10
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100

50

50

100

100

100

50

100

(Jemielity et
al., 2003)

(Stepinski et
al., 2001)

(Kowalska et
al., 2008)

Wojtczak et.
al.in
preparation

Commercial
(Sigma
Aldrich)

(Jemielity et
al., 2003)

(Jemielity et
al., 2003)



45,

46.

47.

48.

49.

50.

51.

m’GMPSNH,
D1

GMPSCH3

m’GMPS

GMPNH2CH.C
CH

iPr-GMP

CDP

UbP

N7-methylguanosine 5'-
phosphorothioamidate

Guanosine 5-0O-(S-
methyl)thiomonophosp
hate

N7-methylguanosine 5'-
thiomonophosphate

N-propargyl guanosine
5’-phosphoroamidate

2',3-0,0-
isopropylideneguanosin
e 5’-monophosphate

Cytidine 5-diphosphate

Uridine 5'-diphosphate

\ 392 10 30
NT -
N
o Gl
- N— N7
Ho,N" 10 N~ "NH
*" sH o ?
OH OH
0 393 10 100
N
NH
o T
A LN N
SIHO o N~ “NH
OH OH
393 10 50
\
NI A\
Py G
HO1°0— o NTONTONH,
SH
OH OH
? 400 10 100
N
NH
: </Ii
HN-T~0 o NN
///J OH k; ;}
=
= OH OH
0 403 30 100
SRS
HO-T~0— NH,
OH
%
NH, 403 20 50
\N
HO™
OH OH
0 404 10 100
NH

H \O/ \O
OH OH l<; :;J

OH OH

Kopcial et al.
in preparation

(Kowalska et
al., 2009)

(Kowalska et
al., 2008)

(Walczak et
al., 2017)

(Warminski et
al., 2013)

Commercial
(Sigma
Aldrich)

Commercial
(Sigma
Aldrich)



52. m2 7,2-
OGMPOCH;

53. | AMP-NG-etSH

54. m7GMPSCH3

55.| cPAP

56. 2'-O-pentynyl
AMP

57.| GMP-Im

N7,2'-O-
dimethylguanosine 5-
(O-
methyl)monophosphate

N6-(2-
mercaptoethyl)adenosi
ne 5'-monophosphate

N7-methylguanosine 5'-
(S-
methyl)monothiophosp
hate

23
cyclophosphoadenosin
e 5’-phosphate

2'-0- (5-
pentynyl)adenosine 5'-
monophosphate

Guanosine 5™-
phosphorimidazolide

.9
o) NS SN
o S
HO/|\O 0 N N
OH k;: :;)
OH O
HN - SH
N
: </N| J
Ho/.;'o o N
OH OH
.0
CTY
&
1"
\S/P\O o N N)\NH2
OH
OH OH
NH,
NN
Q ¢ J
Ho " ~0— o NN
OH K; ;}
0 0
/Ps
HO" ‘O
NH,
N X
N
i, G
HO" 1 ~0 0] N N
OH i ?‘
OH O
(@]
N

0 </N
I%\ /';\ Nl
N“1~0 o
N~ OH ‘i j
OH OH

N

NH,

405

407

407

409

413

20

20

20

10

100

20

50

100

50

50

100

50

Experimental

(Szczepaniak
et al., 2012)

Experimental

(Kowalska et
al., 2012)

(Jawalekar et
al., 2008)

(Jemielity et
al., 2003)



58. m’GMPNH.C N-propargyl N7- 0 414 | 50 50 (Walczak et
H,CCH methylguanosine 5'- \N+ | al., 2017)
phosphoroamidate o) (/ | jl\
HN-To— o NTONTONH,
// OH k ?‘
é OH OH
59. AMP-N6-BDA | N6-(4- PR 418 20 100 (Szczepaniak
aminobutyl)adenosine L et al., 2012)
5'-monophosphate Q 1 \)N
Ho-~o o NS\
OH
OH OH
60. ADPaBH; D1 | Adenosine 5-O-(1- r 7 425 10 100 (Strenkowska
boranodiphosphate) NH2 et al., 2012)
N X
o 9 CI T | w
Ho—~o-T0 o NN
OH BH3 i ?1
OH OH
61. ADPaBH; D2 | Adenosine 5-O-(1- r 7 425 10 100 (Strenkowska
boranodiphosphate) NH2 et al., 2012)
N IN
3 2 {]
I Il +
Ho/F\'\o/'\:\_ o N N) "
OH BH3 i ?1
OH OH
62. ApCHzp Adenosine 5’-O- NH» 425 10 50 (Kalek et al.,
methylenediphosphate N 2005)
SN
Q I </ | )
Ho-F~F~ o NN
OH OH
OH OH
63.| ApNHp Adenosine 5’-O- NH, 426 | 20 100 (Rydzik et al.,
imidodiphosphate N 2012)
SN
e ¢
P ~ N
“I>NT N
"OToH o o
OH OH
64. m’GMP-Im N7-methylguanosine 5'- o} 427 10 50 (Jemielity et
phosphorimidazolide \N+ _ al., 2003)
y N
¢ 7 | L
N~ 0 NTSNTONH
N~/ OH ‘ioj
OH OH
65. ADP Adenosine 5'- NH, 427 | 100 50 Commercial
diphosphate N N gégms
0 9 ¢ fieh)
no-~o-"~o N7 N
OH OH



66.

67.

68.

69.

70.

71.

72.

73.

APS

ApCH2pF

2-F 2-
dApCHzp

[*80] ApCH2p

ADPF

2’-F-2’-d ADP

GMPNHC:HsN

3

GMPNH,(CH)
4N3

Adenosine 5'-
phosphosulfate

Adenosine 5'-(2-Fluoro-
1,2-
methylenediphosphate)

2’-fluoro-2’-
deoxyadenosine 5'-
bisphosphonate

Adenosine 5’-O-
(B[*80]methylenediphos
phate)

Adenosine 5'-(2-
fluorodiphosphate)

2’-fluoro-2’-
deoxyadenosine 5'-(3-
fluorodiphosphate)

N-(2-azdioethyl)
guanosine 5'-
phosphoroamidate

N-(4-aminobutyl)
guanosine 5'-
phosphoroamidate

NH,
NN
0 Q ¢ | J
o’/‘?\o/ﬁ’\o o N N
OH OH
OH OH
NH,
NN
o 9 ¢ | J
P__P. 2
E-1>~"1"0 o) N
OH OH
OH OH
NH,
SN
n 1 </ | )
Ho T ~"~0 o N7 N
OH OH k j
OH F
NH,
SN
o 9 ¢ | )
H180/I|3\/E’\O o N N
OH O k j
OH OH
NH,
N X
N
o 9 ¢ | J
o T-o— o NN
OH OH
OH OH
NH,
NN
o Q ¢ | )
Ho-T~o-F~o N?
OH OH o
OH F
0
0 "
NERe) NTSNTSNH,
+N">H OH o
N OH OH
o
9 40
N o) NTSNTSNH,
HoN">">~4 OH o

427

427

427

427

429

429

431

433

100

100

30

10

20

20

20

50

50

100

50

100

50

100

100

70

(Kowalska et
al., 2012)

(Baranowski et
al., 2015)

Experimental

Experimental

(Baranowski et
al., 2015)

Experimental

(Walczak et
al., 2017)

(Walczak et
al., 2017)



74.

75.

76.

77.

78.

79.

80.

81.

GpCHzp

m’GppH

GpNHp

ADPaS

ADPBS

GDP

GpBH3pF_D1

GpBHzpF_D2

Guanosine 5-O-
methylenediphosphate

7-methylguanosine 5'-
diphosphate

Guanosine 5-O-
imidodiphosphate

Adenosine 5'-(1-
thiodiphosphate)

Adenosine 5'-(2-
thiodiphosphate)

Guanosine 5’-
diphosphate

Guanosine 5"-(2-Fluoro-
1-boranodiphosphate)

Guanosine 5"-(2-Fluoro-
1-boranodiphosphate)

0
N
N QP
Ho-F~F~ o NTSNTNH
OH OH i ?l
OH OH
\+
N -
0 9 ¢T 1
H-F~o-f~ o VONTONH,
OH OH
OH OH
0
N
N
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Ho-T~N-F~ N NfLNH
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OH OH
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N X
N
2 9 ¢
P N N
HO”1~071°0 N
OH SH o
OH OH
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N X
N
2 9 ¢
P N N
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H OH o
OH OH

N
o © % N
'\:\, m < f\/

P N
HO-1~0"1°0 N NH,
OH OH ioj
OH OH
0
o </N N
o
I I | "
F~o0-T~0 o N N%NHZ
OH BH; i j
OH OH
0
o </N N
o
m I |
F/Ff\o/'\)\p o N NANHg :
OH BHs k #
OH OH
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441
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443

443

443

10
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100

100

10

100

10

50

100

100

50

50

100

180

100

100

(Kalek et al.,
2006)

Experimental

(TOMASZ et
al., 1988)

(Strenkowska
et al., 2012)

(Kowalska et
al., 2007)

Commercial
(Sigma
Aldrich)

(Baranowski et
al., 2015)

(Baranowski et
al., 2015)



82.

83.

84.

85.

86.

87.

88.

89.

GpCH2pF

dGDPS

GpNHpF

GDPF

[180]GDP

AMP-NG-
HMDA

GppCzH

bn’GMP

Guanosine 5'-(2-Fluoro-
1,2-
methylenediphosphate)

2-deoxyguanosine 5’-
(2-thiodiphosphate)

Guanosine 5'-(2-Fluoro-
1,2-imidodiphosphate)

Guanosine 5™
Fluorodiphosphate

Guanosine 5-(B[*®0]-
diphosphate)

N6-(6-
aminohexyl)adenosine
5'-monophosphate

B-C-(2-ethynyl)
guanosine diphosphate

N7-benzylguanosine 5'-
monophosphate

0 443
N
N
0 9 a By
r-P~F~0 o NTINTNH,
OH OH k; ;}
OH OH
0 443
N
o 9 a i“
no-T~o-F~ o N7 >NH,
H OH ‘i j
OH
0 444
N

OH OH
0 445
N
0 Q ¢ | By
FhoTo— o NTONTNH,
OH OH
OH OH
0 445
N
° 9 (/Iﬁ“
H'®o-F~o-7~0 o N NZ > NH,
OH OH
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HN/\/\/\/NHZ 446
N X
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OH OH
0o 451
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" " ‘ )\
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OH OH
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(0]
N+
N
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H
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10
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50

50
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100

100

50

50

30

(Baranowski et
al., 2015)

Experimental
+ (Kowalska et
al., 2007)

(Baranowski et
al., 2015)

(Baranowski et
al., 2015)

Experimental

(Szczepaniak
et al., 2012)

(Wanat et al.,
2015)

(Grudzien et
al., 2004)



90.

91.

92.

93.

94.

95.

96.

97.

m’GDPaBHs

m’GpCHap

m’GDP

m’GPS

m’GpNHpF

cPAP-Im

GDPBS

m’GDPF

7-methylguanosine 5 -
(1-boranodiphosphate)

7-methylguanosine 5'-
methylenebis(phospho
nate)

7-methylguanosine 5'-
diphosphate

7-methylguanosine 5'-
phosphosulfate

7-methylguanosine 5'-
(2-fluoro-1,2-
imidodiphosphate)

2'3-
cyclophosphoadenosin
eb5-
phosphorimidazolide

Guanosine 5-(2-
thiodiphosphate)

7-methylguanosine 5'-
fluorodiphosphate

OH OH
\
N N~
D a <L
g L NN
OH OH
(o]
\+
Q 9 (/\
o f )\
OH
OH OH
(@]

\+
09 (\)\

O/‘ O/\\O—l

OH OH
(0}
\
(.? 9 (/I
\N/ \O J\
“OH' OH
OH OH
NH,
4
r\ P <| J
N~/ oK’ k #
o} O
HO 0
(0]
N
N
Pobo Gl
HO™ s\o/o\Ho 0 N N
OH OH
\+
N -
o 9 ¢T 1
Frho o o NTONTNK,
OH OH
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459

459

459
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20
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100

10

10

20

10

100

50

30

100

30

100

50

50

(Kowalska et
al., 2014)

(Kalek et al.,
2005)

(Jemielity et
al., 2003)

(Kowalska et
al., 2012)

(Baranowski et
al., 2015)

(Kowalska et
al., 2012)

(Kowalska et
al., 2007)

(Baranowski et
al., 2015)



98. GpSpF_D1

99. GpSpF_D2

100 GppCsHs

101 2'-dCTP

102 DMGpNHp

103 2’-O-MCE-Ns
AMP-

104 m’GDPasS D1

Guanosine 5'-(2-Fluoro-
1-thiodiphosphate)

Guanosine 5'-(2-Fluoro-
1-thiodiphosphate)

B-C-(2-propargyl)
guanosine diphosphate

2'deoxycytidine 5'-
triphosphate

N,N-dimethylguanosine
5’-imidodiphosphate

2’-0-(N-(2-
Azidoethyl)carbamoyl)
methyladenosine 5'-
monophosphate

N 7 -methylguanosine
5-0-(1-
thiodiphosphate)

0 461 100
0 9 T 1
PP~ NTSNPINH
F~1~07170 o 2
OH SH
OH OH
0 461 100
0 9 T 1
Ao-f~0— J NTNTNH
o} SH
OH OH
0 465 10
N
NH
Q ¢ (/f:\
=_-F~0-"-0 o NTSNTSNH
OH OH
OH OH
NH, 467 @ 20
SN
Q 9 Q L
ho-P~0-T~0-"~0 N“~0
I
OH OH OH ko_\/l
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0 470 10

(Ii/
)

OH OH
NH, 473 20

9 </|)

OJ;N\/\N\
H N\\
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o 9 a /NL
P___P. N z
P<o-F~0 N7 >NH
"O7on sH o

OH OH

100
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30

50

50

(Baranowski et
al., 2015)

(Baranowski et
al., 2015)

(Wanat et al.,
2015)

Commercial
(Sigma
Aldrich)

(Zytek et al.,
2014)

(Wojtczak et
al., 2016)

(Strenkowska
et al., 2012)



105

106

107

108

109

110

111

112

113

m’GDPaS D2

ApBH3zpim

GppCsHs

m7GppC3H3

AppEtCN

GppNHC3H3

GppOC3H3

AMP-NH-etS-
S-etNH2

AMPImM-6-
GABA

N 7 -methylguanosine
5-0-(1-
thiodiphosphate)

Adenosine 5 -(1-
borano-2-imidazoyl-
diphosphate),

guanosine 5’- [2-C-(3-
butynyl)diphosphate]

B-C-(2-propargyl) 7-
methylguanosine
diphosphate

Adenosine 5'-[(2-O-
cyanoethyl)diphosphate
]

Guanosine 5-(N2-
propargyl-2-
amino)diphosphate

Guanosine 5-(2-
propargyl)diphosphate

N6-cystamine-
adenosine 5'-
monophosphate

N6-(4-carboxybutyl)-
adenosine 5'-
monophosphate

\

+

N N
e 9 a By
P_._P. N z
HO-1~0"1~0 N NH,
OH SH 0
OH OH

NH,

2 3 S|
= P P N )
N“107170 ° N

N OH BH;
OH OH
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g 9 ¢
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Z 75 o o
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o
o o0 (ﬁ“
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OH OH

N
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N e
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480
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20
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50

50

100

100

100

50

50

50
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100

(Strenkowska
et al., 2012)

(Kowalska et
al., 2014)

(Wanat et al.,
2015)

(Walczak et
al., 2017)

(Strenkowska
et al., 2012)

(Walczak et
al., 2017)

(Walczak et
al., 2017)

(Szczepaniak
et al., 2012)

(Szczepaniak
et al., 2012)



114

115

116

117

118

119

120

121

CTP

UTpP

m72GDPfS

cPAPS

ADPBSe

GpNHpIm

m7GppC4H5

m7GppNHC3
H3

Cytidine 5'-triphosphate

Uridine 5'-triphosphate

N7,2'-0-
dimethylguanosine 5'-(2-
thiodiphosphate)

23
cyclophosphoadenosin
e 5’-phosphosulfate

Adenosine 5'-(2-
selenodiphosphate)

Guanosine 5-(2-
Imidazoyl-1,2-
imidodiphosphate)

B-C-(3-butynyl) 7-
methylguanosine
diphosphate

7-methylguanosine 5'-
(N2-propargyl-2-
amino)diphosphate

OH OH OH o
OH OH
(0]
NH
n 9 n | *
Po A PuqP< N“~0
HO-1~071~071~0 o
OH OH OH
OH OH
W
N —
" " (ﬁi
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NH,
A
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N
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OH OH
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OH OH
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20
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100

100

30

100

50

30

100

30

Commercial
(Sigma
Aldrich)

Commercial
(Sigma
Aldrich)

(Kowalska et
al., 2007)

(Kowalska et
al., 2012)

(Kowalska et
al., 2009)

(Baranowski et
al., 2015)
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QTOF Waters, ADP, CE 13 ESI (+)
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QTRAP 3200 AB Sciex. ADP. CE 30 ESI (+). Q1
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API 3200 AB Sciex, ADP, CE 30 ESI (+)
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QExactive Thermo, AMP, CE 20 ESI (-)

160714_AMP #104-211 RT: 0.99-2.00 AV: 108 NL: 9.47E5
T: FTMS - p ESI Full ms2 346.00@hcd20.00 [50.00-500.00]
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QTOF Waters, AMP, CE 20 ESI (-)
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QTRAP 3200AB Sciex, AMP, CE 39 ESI (-), Q1
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QTRAP 3200 AB Sciex., AMP. CE 45 ESI (-). EPI
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API 3200 AB Sciex, AMP, CE 40 ESI (-)
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160714_AMP #320-426 RT: 3.04-4.05 AV: 107 NL: 5.82E7
T: FTMS + p ESI Full ms2 348.00@hcd15.00 [50.00-500.00]
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