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Establishment of LC Methods for 16 Nucleosides and Nucleotides and the Study of Cleavage Law by Mass
Spectrometry

ZHAO Mingjuan', GU Xiao*", ZHENG Jinqi*"(I.Hangzhou Zhongmeihuadong Pharmaceutical Co., Ltd., Hangzhou
310015, China; 2.Zhejiang Institute for Food and Drug Control, Key Laboratory of Drug Contacting Materials Quality Control
of Zhejiang Provincial, Key Laboratory for Core Technology of Generic Drug Evaluation National Medical Product
Administration, Hangzhou 310052, China)

ABSTRACT: OBJECTIVE To establish a general LC-MS method for the separation and identification of nucleoside and
nucleotide compounds. METHODS The ODS-AQ column was picked, the mobile phase A was buffer 1(120 mmol-L~!
Na;HPO4, 120 mmol-L~! KH>PO4 and 3 mmol-L~' TBAOH), the mobile phase B was water, and the mobile phase C was
methanol, gradient elution. The 16 nucleoside and nucleotide compounds were separated and analyzed. Electrospray ionization
(ESI) detection was adopted, spray voltage was 4 000 V (positive ion mode)/3 500 V(negative ion mode), atomizing gas pressure

was 45 psi, drying gas flow rate was 10 L-min~!, and solvent removal temperature was 350 °C. The fragmentation voltage was

180V, and the collision energy was set to 5-30 eV. Mass spectrometry fragments of 4 different types of nucleoside and
nucleotide compounds were analyzed. RESULTS The established LC method achieved baseline separation(R>2.0) for 16
representative nucleoside and nucleotide compounds. Based on the mass spectrum fragmentation rule, a mass spectrometry
platform for nucleoside and nucleotide compounds was constructed. CONCLUSION The established LC-MS method can
provide reference for the separation and identification of unknown nucleoside and nucleotide compounds.

KEYWORDS: LC-MS; nucleosides and nucleotides compounds; baseline separation; mass spectrometry platform
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Fig. 3 LC chromatograms of the former 10 nucleosides and
nucleotides

Chromatographic conditions: a—buffer 1-methanol-water=20 : 0 : 80;
b-buffer 1-methanol-water=25 : 0 : 75; c-buffer 1-methanol-water=30 :
0 :70.
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Fig. 4 LC chromatograms of the latter 6 nucleosides and
nucleotides
Chromatographic conditions: A—a: buffer 1-methanol-water=80 : 10 : 10;
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®1 EBTHEXTEELEYEH MS/MS &
Tab.1 MS/MS data of nucleosides in positive ion mode
Bpgsy R ET WSpUEE SRR g st w2 | BET WA ST WEREE SRR ek iR 22
268(A) - 268.104 3 268.104 0 C;oH4NsO1 1.1 484(CTP) - 483.9919 483.991 8  CoH;7N304P5 0.2
136 136.061 3 136.061 8 CsHgN# -3.7 324 324.058 8 324.059 1 CoH,;sN;O04P* -0.9
348(AMP) - 348.068 7 348.070 4 C;oH;3NsO.P* —4.9 112 112.051 0 112.050 5 C4H¢N;O0* 4.5
136 136.060 7 136.061 8 CsHgN# -8.1 284(G) - 284.098 1 284.0989  CjoH4NsO5 -2.8
244(C) - 244.092 8 244.092 8 CoH;4N;03 0.0 152 152.056 5 152.056 7 CsH4NsO* -1.3
112 112.050 8 112.050 5 C4H¢N;0" 2.7 245(U) - 245.076 5 245.076 8  CoH3N,0O¢ -1.2
324(CMP) - 324.057 6 324.059 1 CoH;3N;0sP"  —4.6 113 113.034 0 113.034 6 C4HsN,O3 -5.3
112 112.050 0 112.050 5 C4H¢N;O0" —4.5
®2 ABTEATEFRML S MS/MS &
Tab.2 MS/MS data of nucleotides in negative ion mode
. %2y - .. " iy o o
By . AR BT R SRR T L fbapak wE | BET .- G 5ie==v QS 7 e = ¢ st WRE
266(A) - 266.0896  266.0895 C;oH;2NsOz 0.4 [282(G) . 282.0850 282.084 4 C;oH;2NsOs5 2.1
134 134.0475 134.0472 CsH4Ns 2.2 150 150.042 2 150.0422 CsH4NsO~ 0.0
346(AMP) - 346.0572  346.0558  CjoH;3NsO;P 4.0 [362(GMP) - 362.051 3 362.050 7 CyoH;3NsOgP 1.7
211 211.0018  211.001 3  CsHzO,P~ 2.4 211 211.001 7 211.0013 CsH3O,P- 1.9
193 192990 6 192.990 7 CsHO¢P -0.5 79 78.959 5 78.959 1 03P 5.1
134 134.0476 134.0472 CsH4Ns 3.0 |[442(GDP) - 442.017 9 442.0171  CyoH14N50,,Pz 1.8
426(ADP) - 426.0229  426.0221  C;oH14N50,0P2 1.9 424 424.005 3 424.006 5 C;oH;2Ns50,0P2 -2.8
408  408.0100 408.011 6  C;oH2NsO9P> -39 362 362.0511 362.050 7 C;oH;3Ns05P~ 1.1
328 328.0479  328.0452  C;oH;iNsO¢P~ 8.2 344 344.040 9 344.0402 C;oH;NsO;P~ 2.0
273 2729557 2729571 CsHgOgP5 =5.1 273 272.9558 2729571 CsHgOoP3 —4.8
159 1589245 158.9254 HO(P: -5.7 159 158.925 1 158.9254  HO4Pz -1.9
134 134.047 7 134.0472 CsHuNs 3.7 79 78.959 1 789591 OsP 0.0
506(ATP) - 505.9898  505.9885 CjoH;sNsO3P3 2.6 [522(GTP) - 521.980 4 5219834 C;oH;sNsO4P5 -5.7
426 426.0229  426.0221 C;oHi4NsOP3 1.9 424 424.005 7 424.006 5 C;oH;2Ns50,0P2 -1.9
408 408.0123  408.011 6  C;oH;2NsO9P> 1.7 362 362.053 9 362.050 7 C;oHi3NsOgP~ 8.8
346 346.0583  346.0558 C;oH;3NsO7P 7.2 150 150.041 7 150.042 1 CsH4NsO 2.7
273 2729575 2729571 CsHgOgPy 1.5 |243(U) - 243.062 2 243.0623 CoH;;N,O¢ -0.4
239  238.8934 238.8917 H,O¢P3 7.1 200 200.056 6 200.056 6 CsH;(NOs 0.0
159 1589256 158.9254 HO¢P; 1.3 153 153.030 5 153.030 6 C¢HgN,O35 —0.7
79 78.959 3 789591 O3P 2.5 111 111.019 8 111.020 0  C4H3;N,O7 -1.8
242(C) - 242.0789  242.078 2  CoH2N;05 2.9 [323(UMP) - 323.028 5 323.028 6 CoHnN>O9P~ -0.3
152 152.0463 152.046 6 CcHeN;03 -2.0 280 280.023 3 280.022 8 CsgH;NOgP~ 1.8
110 110.036 0 110.036 0  C4H4N;O~ 0.0 211 211.000 9 211.001 3 CsH3O,P- -1.9
67 67.029 7 67.0302 C;3H3N; -7.5 193 192.991 6 192.990 7 CsHgOgP 4.7
322(CMP) - 322.046 8  322.044 6  CoH;3N3;O05P 6.8 139 138.980 1 138.9802 C,H40sP -0.7
279 279.0404  279.038 8 CgH2N,O,P~ 5.7 111 111.020 4 111.020 0 C4H3N,O3 3.6
211 211.001 6  211.001 3 CsHgO;P~ 1.4 97 96.969 5 96.969 6  H,04P~ -1.0
97 96.970 3 96.969 6 H,O4P~ 7.2 79 78.959 0 78.9591 OsP -1.3
79 78.959 4 789591 O3P 3.8 |403(UDP) - 402.995 8 402.9949 CoH3N,O,P> 22
402(CDP) - 402.0130 402.0109  CoH4N3;0;,P3 5.2 385 384.983 3 384.984 4 CoH;IN,O,P; 2.9
384  384.0012 384.0003 CoH2N3;0;0P7 2.3 305 305.019 3 305.018 0  CoH;(N,OsP~ 43
304 304.0348 304.0340 CoH;iN;O/P~ 2.6 159 158.925 0 158.9254 HO4P; 2.5
159 158.9255 158.9254 HO4P; 0.6 111 111.020 1 111.0200 C4H3N,0;7 0.9
110 110.0359  110.036 0  C4H4N30 -0.9 79 78.958 9 789591 OsP -2.5
79 78.959 4 78.9591 OsP 3.8 [483(UTP) - 482.962 9 482.961 3 CoH4N,0;5P;3 33
482(CTP) - 481.9789 4819772  CoH sN3014P3 3.5 465 464.952 0 464.950 7 CoH2N,014P3 2.8
464 4639648 463.966 7 CoHi3N;0,5P5 —4.1 403 402.997 3 402.9949 CoH3N,0,,P; 6.0
402 402.0105 402.0109 CoH4N30,,P; -1.0 385 384.9813 384.984 4 CoH;1N,O,P7 8.1
384  384.0019 384.0003 CoH|2N;0;P> 4.2 273 272.959 0 2729571 CsHgOoPy 7.0
239  238.8904 238.8917 H,O¢P3 -5.4 177 176.935 6 176.9359 H;0,P7 -1.7
177 176.9363  176.9359 H;0,P; 2.3 159 158.924 2 158.9254 HO4P; -7.6
159 158.9255 158.9254 HO4P; 0.6
79 78.959 2 78.9591 O;P- 1.3
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Fig. 6 Plausible fragmentation pathways of 16 representative nucleosides and nucleotides in negative ion mode

a—C and CNP; b—U and UNP; c—A and ANP; d-G and GNP

—: fragments in NTP; —: fragments in NDP; —: fragments in NMP; — = : fragments in N; = : fragments in NTP and NDP; =—> :

fragments in NDP and NMP;

»= : fragments in NMP and N; - - -,
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Tab.3 Separation behavior of 16 nucleosides and nucleotides in 5 columns

AR TR iRk i} JZ A7 ] /min W PR K &
100 mmol-mL~'NH,Ac 50 2
80 mmol -mL~' NHsAc 92 10
Atlantis T3 60/40/20/10 mmol-mL~' NH4Ac 50 13/13/14/13 REBAEYATRE
ACN: 20 mmol-mL~" NH;Ac(5 : 95) 40 12
ACN: 20 mmol-mL~" NH4Ac(10 : 90) 14 10
ACN: 100/50/20 mmol-mL~" NH4Ac(90 : 10) 13/13/12 4/4/4 » )
REEAE I ATT
ACN: 100/50 mmol-mL~" NH;Ac(80 : 20) 8/8 4/4
HILIC Silica ACN: 100/50/20 mmol-mL~" NH4Ac(60 : 40) 8/7/5 8/7/8 N s
_ WAL E W AT, H &
ACN: 100 mmol-mL~! NH4Ac(40 : 60) 5 4 YRR
ACN: 20 mmol-mL~" NH4Ac(80 : 20) 5 8
ACN: 100 mmol-mL~" NH4Ac(60 : 40) 3 5
HILIC-Z &I ATT
ACN: 20 mmol-mL~" NH4Ac(40 : 60) 10 2
MeOH: 100/50/20 mmol-mL~! NH;A¢(90 : 10) 5/6/6 3/3/3
MeOH: 100/50/20 mmol-mL~' NH;Ac(80 : 20) 5/5/5 2/3/2
MeOH: 100/50 mmol-mL~' NH4Ac(60 : 40) 4/5 2/2
B WY ATE, HAlfb &
XB-NH; MeOH: 100 mmol-mL~" NH4Ac(40 : 60) 4 2 R
MeOH: 50 mmol-mL~' NH4Ac(40 : 60) 5 2
ACN: 50 mmol-mL~" NH4Ac(90 : 10) 23 4
ACN: 50 mmol-mL~! NH4Ac(80 : 20) 9 3
MeOH: 100 mmol-mL~' NH;Ac(90 : 10) 5 2
MeOH: 100 mmol-mL~" NH;Ac(60 : 40) 4 1
BEH HILIC REHME YA
MeOH: 20 mmol-mL~! NH;Ac(80 : 20) 4 3
MeOH: 20 mmol-mL~" NH4Ac(40 : 60) 4 4

EBHRSY EEH 3 DMEpocdml: %
BREEFATT | W T R WER AT o AR Rl R A
T, iz ey E T 2. OBy
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