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ABSTRACT Objective: To quantify 10 pivotal compounds in one-carbon metabolism by using high-performance liquid
chromatography tandem mass spectrometry (HPLC-MS/MS). Methods: The separation was carried out on a Aglient ZORBAX SB-AQ
Cl8 column (2.1 mm x 100 mm, 3.5 m) at 25 ‘C. ESI was performed in the positive-ion mode using the MRM mode. Using target ions
at m/z 442.1-295.3 for folate acid, m/z 474.1-299.3 for 5-FT, m/z 460.0-313.0 for 5-MT, m/z 399.0-298.3 for SAM, m/z 385.0 -136.0 for
SAH, m/z 106.0-60.0 for CYSTA , m/z 156.0-110.0 for HIS, m/z 106.0-60.0 for SER, m/z 150.0-55.9 for MET, m/z 136.0-90.0 for
HCY. Results: The LLOD of the compounds was 0.1 ng-L" for FA, 0.25 ng-L" for 5-FT, 0.1 ng-L"' for 5-MT, 0.1 ng-L"' for SAM, 0.25
ng-L* for SAH, 0.25 ng-L" for CYSTA, 0.1 -ng L" for HIS, 0.025 ng-L" for SER, 0.1 ng-L"' for MET, 0.1 ng-L"' for HCY. The
calibration curve was obtained with good correlation(r 2 0.993), using the concentration range of 2~50 ng-L" for FA, 5-FT, 5-MT, SAH,
and CYSTA; 20~500 ng- L for SER, and SAM; 200~5 000 ng-L"' for MET, and HCY; 400~10 000ng-L"' for HIS, coverd ranges of most
compounds in serum that have published previously. Conclusion: A sensitive method for 10 pivotal compounds in one-carbon
metabolism was developed. It should be a reliable method for quantifying many compounds simultaneously with less sample and short
time. And this result can provide a quantitive detection method for the diagnosis and prevention of the diseases associated with one
carbon metabolism.
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1.4
FA 5-FT 5-MT.SAH . CYSTA
5% 10° ng-mL" HCY MET 5% 10°
ng-mL" SER . SAM 5% 10*ng -
mL", 5% 10°ng-mL'  FA 5-FT.5-MT.SAH,
CYSTA 200 L 5% 10° ng -mL"
HCY MET 200 L 5% 10* ng-mL"!
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1.5 HPLC
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m A 20 mM 0.15 %
B 0.15 % o
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o 1,
0.2 mL-min™ 10L
10:2:88
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Table 1 Mobile phase
Time min Organic gradient %
0 0
10 100
13 100
13.1 0
18 0
1.6 MS/MS
HPLC ESI MS/MS
. 350 C 12 L-min’
50 PSI 4000 V 50 ms
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MRM 2,
2 MRM
Table 2 MRM parameters for each analyte
Compound MRM transition Fragmenter V CE V
HCY 136.0--90.0 70 5
5-MT 460.0--313.0 115 20
5-FT 474.1--299.3 120 35
MET 150.0--55.9 80 10
FA 442.1--295.3 100 8
SER 106.0--60.0 65 10
SAH 385.0--136.0 110 14
SAM 399.0--298.3 110 4
HIS 156.0--110.0 85 12
CYSTA 223.1--134.1 90 8
) 7 min FA.5-FT 7.5 min-8 min .
8 min N
2.1 2.2
1
- CYSTA.
HIS.MET HCY .SER 1.5 min-2.5 min . FA 5-FT .5-MT.SAH.
SAM 3.5 min SAH 6 min 5-MT  CYSTA 2~ 50 ng-mL' SER .SAM
20~ 500 ng-mL"' MET HCY
HIS 200~5000 ng-mL" HIS
] \ 400~10000 ng-mL" r 0.993 -
140000
- 3.
120000 | | SKE )3
100000 ! \ )
|
2 .
80000 ' Hey 3:1
5MT 2 10:1 3,
60000 SER+ || } \ ‘
CYSTA| |} | 2.4
ey ) MET — 5-FT+FA
i 1/ 5 FA.5-FT,5-MT,SAH
200001 L l 2.5.10.20.50 ng-mL" 5 CYS-
oI L A . W 4 ° TA 1.2.5.10.20 ng-mL" 5 SER .
0 3 5 A 8 SAM 20, 50.100,200,500 ng-mL"' 5
Wf[a Cordh MET . HCY 200.,500,1000,2000,5000 ng-mL"*
1 MRM o Aglient ZORBAX SB-AQC18 2.1mm 5 HIS 400.,1000,2000,5000,10000 ng-
x 100 mm 3.5 m 25°C, A 20 mM mL"! 5 6 . 5
0.15% B 0.15% 5 RSD
5 10 100 % A 100 % cvV 4
B, 0.2 mL/min 5
Fig. 1 Multiple reaction monitoring chromatogram of each analyte in :
7 . 1 %-13 %
mixture solution. The column was Aglient ZORBAX SB-AQ C18 2.1 mm
. . . 5-FT SAM 10 %
x100 mm,3.5 m held at 25 ‘C.Mobile phase A was pure water containing
0.15 %(v/v) formic acid and 20 mM ammonium formate. Mobile phase B >-FT SAM
was methanol containing 0.15 % (v/v) formic acid. The flow rate of the
o 8 % o

mobile phase was 0.2 ml/min. The mobile phase gradient started at 100 %

mobile phase A to mobile phase B over 10 min.
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Table 3 The regression equations, limits of detection and limits of quantitation
Compound Regression equation Linear range(ng-mL") R? LOD (ng-mL™") LOQ (ng-mL™")

HCY Y=-1.353 0x 10"'X*+1.344 5% 10°X+3.217 6x 10° 200-5 000 0.997 6 0.01 0.025
5-MT Y=4.535 6% 10'X-1.866 9% 10! 2-50 0.997 3 0.1 0.8
5-FT Y=3.661 7x 10'X+5.787 4 2-50 0.995 5 0.25 2
MET Y=-3.874 2x 10"X2+3.420 2x 10°X+5.905 5% 10° 200-5 000 0.993 2 0.1 0.5
FA Y=1.633 2% 10°X-3.205 3x 10' 2-50 0.995 7 0.1 1
SER Y=1.243 4x 10°X+1.406 9% 10° 20-500 0.999 1 0.025 0.1
SAH Y=5.801 6% 10°X+6.078 1x 10? 2-50 0.999 5 0.25 0.8
SAM Y=5.924 4% 10°X-7.506 7% 10° 20-500 0.998 7 0.1 0.5
HIS Y=-1.114 3x 10"'X2+2.825 0% 10°X+1.027 7x 10° 400-10 000 0.999 2 0.1 0.3
CYSTA Y=1.260 4% 10°X-1.086 0% 10' 1-50 0.998 4 0.25 1

4
Table 4 Spiked concentration, detection concentration, and Inter-day precision for each analyte
Compound Concentration Inter-day n=5, xt s
ng-mL’

The first day The second day The third day The forth day The fifth day CV %

HCY 200 180.3+ 10.8 169.4x 7.1 165.4+ 74 189.1% 7.1 172.5¢ 6.2 5.4

500 537.1 11.5 543.3+ 3.7 5328+ 1.5 529.0+ 6.4 546.6x 7.9 1.4

1 000 1023.1+ 19.9 1088.1% 3.5 1060.1+ 27.1 1059.3% 6.2 1090.3% 6.6 2.6

2000 1948.4+ 67.0 1902.7+ 39.5 1 896.0+ 27.0 1857.3% 16.4 1858.0+ 15.5 2.0

5000 4427.4% 109.6 4091.6+ 72.4 4029.0+ 72.4 40713+ 57.9 4202.2+ 59.7 3.9

5-MT 2 22+ 0.1 2.0 0.2 2.0+ 0.2 2.2+ 0.1 2.0+ 0.3 49

5 5.0+ 0.1 5.0+ 0.5 54+ 0.3 5.1+ 03 5.0+ 04 33

10 9.6 0.8 9.8+ 0.5 9.2+ 0.8 9.6+ 0.4 102+ 0.4 3.7

20 20.0+ 0.8 21.1% 1.7 214+ 1.3 20.1% 1.6 19.5¢ 0.9 3.9

50 49.7+ 1.7 50.6% 2.2 50.7+ 1.8 50.5+ 1.3 50.0+ 0.8 0.9

5-FT 2 1.9+ 0.1 22+ 0.1 2.0+ 0.1 1.9+ 0.2 22+ 0.1 6.5

5 4.8+ 0.5 4.6% 0.5 5.1+ 0.4 49+ 0.1 52+ 0.7 4.8

10 9.9+ 0.6 9.7+ 0.6 9.5+ 1.0 9.9+ 0.2 10.1+ 0.9 23

20 20.5% 1.6 203+ 1.1 20.7+ 1.6 19.8+ 14 204+ 1.5 1.7

50 49.8+ 2.2 50.2+ 1.7 50.2+ 0.5 50.1% 0.4 49.3+ 1.7 0.7

MET 200 182.1% 0.6 171.5 2.5 169.3+ 1.7 180.9+ 1.8 182.5+ 1.8 3.6

500 549.3% 13.1 548.3+ 3.9 564.2+ 5.8 548.8% 3.6 549.3+ 7.3 1.2

1 000 1045.8+ 7.1 1079.4+ 32.7 1056.1%+ 10.7 1066.3% 5.7 1081.1+ 8.9 1.4

2000 1831.1% 23.2 1 864.7+ 23.8 1877.1% 16.8 1822+ 224 1 808.9+ 17.6 1.6

5000 4137.6% 46.2 4271.4% 515 4350.8% 644  4167.5% 41.6 4201.2+ 86.8 2.0

FA 2 2.1+ 0.1 1.9+ 0.1 2.3+ 0.1 23+ 0.1 21+£03 7.7

5 43+ 0.3 48+ 04 47+ 0.1 4.7+ 02 4.6+ 0.2 4.1

10 9.9+ 0.8 11.0£ 0.6 9.8+ 0.1 9.3+ 0.1 10.8+ 0.3 7.0

20 209+ 0.7 19.6x 1.3 202+ 0.7 20.6x 0.3 193+ 1.0 33

50 49.7+ 2.7 50.2+ 1.4 50.0+ 1.7 50.0= 1.7 49.6% 1.9 0.4
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SER 20 19.1% 0.8 19.6+ 0.8 189+ 0.6 19.7+ 1.7 21.8+ 1.5 5.7
50 489+ 2.0 47.7% 2.1 492+ 1.9 44.0+ 2.3 48.4+ 1.8 4.5
100 98.5+ 1.0 103.6+ 1.4 103.6+ 2.3 99.5+ 4.1 1032+ 1.6 2.4
200 205.2% 3.9 201.9+ 59 196.6+ 1.9 2119+ 5.0 196.2 + 4.7 3.2
500 499.9% 6.4 504.1x 9.9 502.8+ 7.3 497.5+ 4.6 5052+ 84 0.6
SAH 2 1.8+ 0.2 1.9+ 0.1 2.1+ 0.1 1.9+ 0.2 2.1% 0.1 7.1
5 5.0+ 0.2 49+ 04 5104 5.0 0.2 5.1+ 0.3 2.0
10 10.1£ 0.3 9.8+ 04 9.7+ 0.3 10.0+ 0.3 9.8+ 0.3 1.8
20 20.0+ 0.4 20.2+ 0.3 202+ 0.6 19.8% 0.5 20.1% 0.6 0.8
50 49.9+ 0.3 50.3+ 0.7 49.8+ 0.9 503+ 1.1 49.7+ 1.0 0.5
SAM 20 21.6% 1.1 21.1+ 1.7 22.6+ 1.0 22.8+ 0.7 22,6+ 1.2 33
50 50.5+ 6.2 47.1+ 34 498+ 3.2 52,5+ 22 482+ 22 4.2
100 96.2+ 5.6 992+ 33 94.6x 2.7 96.2+ 5.0 94.7+ 3.3 2.0
200 1983+ 7.6 1984+ 6.2 200.5+ 4.2 198.3% 6.0 1984+ 54 0.5
500 502.5+ 3.1 500.5+ 3.7 501.3+ 3.3 4999+ 6.7 499.1x 6.7 0.3
HIS 400 384.1% 14.5 342.5+ 4.0 338.6+ 3.9 380.4+ 4.5 334.4x 7.0 6.8
1 000 993.3% 9.7 1026.5+ 8.7 10403+ 5.7 1066.3+ 11.5 1041.1%£ 19.2 2.6
2000 2064.9+ 17.6 2077.2+ 31.1 2075.1£ 19.5 2020.6+ 10.2 2 066.3% 30.9 1.1
5000 3097.6+ 54.1 3964.0+ 65.2 3940.1+ 252 3 886.6% 46.7 3916.0+ 26.3 0.9
10 000 10218.3+ 201.7 10178.3+ 201.7 10057.6+ 96.1 10208.3 + 357.1 10 108.9%+ 279.4 0.7
CYSTA 1 1.1z 0.1 1.0+ 0.2 0.9+ 0.1 09+ 0.1 1.0+ 0.1 9.7
2 22+ 0.1 1.8+ 0.1 2.1 0.2 2.0% 0.1 20+ 0.2 6.1
5 4.9+ 0.1 4.7+ 0.5 5.0+ 0.1 5.4+ 0.2 54+ 0.2 6.1
10 10.4+ 0.4 10.3+ 0.4 10.0 £ 0.6 99+ 0.5 99+ 0.5 1.9
20 19.6+ 1.0 20.0+ 0.7 20.0+ 1.3 19.7+ 0.4 19.7+ 0.4 1.7
Note: 1 CV The ratio of the mean and standard deviation in five days.
5
Table 5 Intra-day RSD for each analyte
Intra-day RSD %

Compound Cl C2 C3 Cc4 C5
HCY 6.0 2.1 1.9 3.4 2.5
5-MT 5.1 2.8 8.0 3.9 34
5-FT 6.0 10.6 6.3 7.7 4.4
MET 0.3 2.4 0.7 1.2 1.1

FA 5.7 6.3 8.2 3.5 54
SER 4.1 4.1 1.0 1.9 1.3
SAH 9.4 4.8 2.8 1.8 0.7
SAM 5.1 12.3 5.8 3.8 0.6
HIS 3.8 1.0 0.9 1.4 2.0
CYSTA 8.1 6.2 2.3 4.0 5.2

Note:1 Spiked concentration C1-C5 were described in table 6.
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Table 6 Spiked concentration for each analyte

Spiked concentration ng-mL"

Compound Cl C2 C3 C4 Cs
HCY 200 500 1000 2000 5000
5-MT 2 5 10 20 50
5-FT 2 5 10 20 50
MET 200 500 1 000 2000 5000

FA 2 5 10 20 50
SER 20 50 100 200 500
SAH 2 5 10 20 50
SAM 20 50 100 200 500
HIS 400 1000 2000 5000 10 000

CYSTA 1 2 5 10 20
Table 7 Accuracy for each analyte
Accuracy %

Compound Cl C2 C3 Cc4 C5
HCY 90.2 107.4 102.3 97.4 88.5
5-MT 108.6 99.4 96.0 99.9 99.4
5-FT 96.9 96.5 98.8 102.6 99.7
MET 91.1 109.9 104.6 91.6 82.8

FA 104.1 86.9 99.5 104.6 99.4
SER 95.6 97.8 98.5 102.6 99.9
SAH 89.7 100.7 101.3 99.8 99.8
SAM 108.3 101.1 96.3 99.2 100.5
HIS 96.0 99.3 103.2 99.4 102.2

CYSTA 111.2 108.5 98.2 103.9 98.2
Note:1 Spiked concentration C1-C5 were described in table 6.
3 C9-N10 - DTT
[18]0
1 o
o 2
. 3
2

pH
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