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Metabolome Analysis on Four Important Secondary Metabolites in Roots,
Stems, and Leaves of Portulaca oleracea L.

ZHANG Shaoping, LI Zhou, LIAN Dongmei, YAO Yunfa, LAI Zhengfeng, WU Songhai, JU Yudong*, HONG Jianji '
(Subtropical Agriculture Research Institute, Fujian Academy of Agricultural Sciences, Zhangzhou, Fujian 363005, China)
Abstract: [Objective] Contents and interrelations of 4 important secondary metabolites in parts of a Portulaca oleracea L.
plant were studied. [Method] Metabolomics of P. oleracea root, stem, and leaf were analyzed using high performance liquid
chromatography combined with tandem mass spectrometry (HPLC-MS/MS). [ Result] There were 3 categories of 43
alkaloids, 7 categories of 34 flavonoids, 2 categories of 16 lignans and coumarins, and 3 categories of 5 terpenoids identified in
the metabolites. A heatmap analysis showed the relative contents of the 4 important secondary metabolites to be similar in the
stems and leaves but different from what in the roots. The alkaloids content was higher in the roots and leaves, while the
flavonoids in the stems. Whereas the contents of terpenoids, lignans, and coumarins were increasingly more abundant from the
roots to the stems and the leaves. [ Conclusion] Same in kind, but significantly different in quantity, on the alkaloids,

flavonoids, terpenoids, lignans, and coumarins were found in the roots, stems, and leaves of a P. oleracea plant.
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Table I Components and relative contents of 43 alkaloids
MR
AR waED [ia=52 £ B I (1] The relative contents
Metabolites Compound Formula Rt/min
I Leaf ZX Stem #R Root
N-J 2B B LA CI8HI9NO4 5.26 1.91X10°+£2.89X10°d  2.33X10°£1.87X10°0  1.36X10'£1.10X10%
N- I BT T e CISHI9NO4 541 190X 10°+2.07X10°d  229X10°£1.80X10  1.40X10'+1.23X10%
N B C14H20N203 2.94 115X10'£500X10°a  6.44X10°+3.97X 10" 9.00+0.00 b
EAutiA CSHIINO2 134 1.82X10°+£520X 100 7.09X10°+334X10%  4.73X10°+5.70X 10%a
Wit it C10H26N4 1.10 445%10°4739X10°  146X10°+121X10%c  2.06X10°+2.88% 10’
Phenolamine NN
;D;E; ﬂ:ﬁ;& T C34H37N306 2.99 6.15X10'+£7.69X10%a 572X 10°£1.81X10°%c  1.82X10'+4.13X10°
H
_____ i 757
%)(450[46}29;?@;2?5 b C24H29N09 428 1.08X10°£1.99X10%a  139X10°+2.90X10°a  2.68X10'+8.49X10°
Nez-%) 7 5 I e C17H17NO3 5.13 283X10°+£1.63X10'0  4.54X10°£9.70X10%a  3.14X10°+£1.03X 10°ab
N-JFiR - 75 5 e G e CI7HITNO3 537 6.77X10°+422X10%b  8.66X10°+£1.61X10%a  632X10°+1.79X 10
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EE ks
FHXT
AR B e 1h2E3 B I [7] The relative contents
Metabolites Compound Formula Rt/min
H Leaf Z£ Stem R Root
N-ER-FF T W CI17H17NO3 532 6.92X10°+4.79X10%a 895X 10°+1.51X10°%a  6.52X10°+1.96X 102
F AR BN T R CISHI9NO4 541 8.66X10°+1.25X10°d  1.05X10°£9.63X10"  6.62X10°£5.79%X 10°a
N 75 T s e C17H17NO3 229 172X10°+£1.05X10°%ab 225X 10°+4.69X10°a  1.55X10*£5.70X 10°b
NS i) C25H27NO12 429 174X10'+4.93X 10 4.64X10°£2.25X10°  3.01X10°+£5.22X 10'b
JIELTS; C31H37NO17 1.24 140X 10'+£3.79X10°%a 535X 10°42.80X10°c  9.74X10°+2.64X 10°b
¥ B FpeC C24H25NO11 3.79 7.97X10°£6.21X10°a  3.82X10°+£1.45X 10’ 9.0040.00 b
PR = SR L ESFESE . . ! ,
53 CSHI3NO 277 252X10°+£1.61X10%a  8.53X10°+8.15X10° 9.00£0.00 b
==H
% kD CISHIONOI10 391 3.03X10°+£1.81X10°a  4.58X10°+8.66X 10 127X10°+1.19X10%
SR A C30H35NO16 4.17 811X10°£7.26X10°a  1.70X10°£1.95X10° 9.00£0.00 b
N-ZFif-5- s fh C12H14N202 373 745X10°+3.53X10%a  1.88X10°£1.95X10"%  1.53X10°+1.32X10%b
DL-2-% =% C6H11NO4 1.30 501X10'+557X10°%a  2.92X10'+136X10%b  1.82X10°+£1.22X10%b
7,8- 2 R BL g 2 C12H10N402 496 227X10'+1.54X10°%a  242X10°£3.58X10°a  1.29X10°+2.15X 10°b
EHEnE C5H5N5 239 550X10°+7.85X10%  7.71X10°+£2.46X10'0  1.04X10°+2.60X 10’
10- 1k DU S 9 C20H23N707 2.92 1.93X10°4£6.66X10°  9.89X10°£1.73X10°%c  2.75X10°+£2.89X 10°a
o B e 5 S C19H38N203 703 530X10'+4.09%10°  240X10°£1.36X10'a  2.83X10°£6.01X10%a
R CTHTNO2 129 3.01X10°+7.83X10%a  1.87X10°+2.95X10°0  9.90X10°+1.24X 10’
(R HEA)-N 2N 3-3(4-F
HE 2 HE)-(5-8)-— A HE-1,2-— C36H36N208 575 286X10°+4.64X 10 2.93X10°+1.76X10'0  1.92X10°+1.01X 10’2
A2E-2,3- kA
W (5-8)-J2 3 1-(FRHE T WAL R IL)-
Phenolamine ~ N2N3-X(4-BHEKZH)-(5-8)-—  C38H40N2010 575 498X10'+£1.01x10  1.87X10'+3.84X10°0  4.05X10°+7.24X 10%
A E-1,2- 5282, 3- G
(5-8)-F2 2k~ 1-(FR 3 H A SR B -
N2 N3-W(@-BHH 2 H)-(5-8-=  C37H38N209 5.82 940X 10°+1.75X 10" 6.42X10°+£550X 100 7.66X10°+9.07X 10*a
FUEE-1,2-— A 28-2.3- Ik I
6-T A FF b, C6HI3NO2 1.70 173X 10°+4.45X 10 6.85X10°£1.05X10°0  2.02X10°+7.26X10'b
PR AL, 5736 % C20H30NOY+ 2.62 201X10°+751X10%  321X10°£336X10°0  3.14X10°+£6.87X 10°
IN 7 C36H36N208 576 7.68X10°+8.64X10'  845X10°£6.07X10"  7.34X10°+£4.58X 10a
(Q-EE 2 A (R R A
L (22 ’i%f} ?ﬁ;ﬁ%@?fﬁ%ﬂ CIHAINOT P 740 317X10°£281X10°%  320X10°+6.10X10°%  8.50X10°+1.24X10°
$0-12- -
AL G = Y1 .
Q%?W‘i;z&(lil’;:%;ﬁm% é’fﬁ? C28H48NO7 P 743 284X10°+£442X10°%a 635X 10°£1.67X10°c  8.55X10°+£1.38X10°b
AL\
358 N FE R R A C31H61014N 7.70 199X 10°+£3.54X10°ab  5.08X10°£7.22X10"%  3.52X10°+£1.35X 10"
(Q-EE 2 A (R R A
L(zz iii%%)gﬁjm I C21H44NO7 P 7.76 3.12X10°4£507X10°0  327X10°4£492X10°0  7.57X10°£8.31X10%a
=L J TN ZETRA H
XU(N,N- 23 Lkt )-2- 2
Ko 1,5-TK-2-B - L[ RRE ( C21H48N309 P 781 8.17X10°£1.93X10°%a  3.81X10°+5.77X10°  6.07X10°+9.83%X 10%ab
%) B 1D % B
N- 7 F 5 5 B g CSHO N 242 7.08X10°+4.10X10°%a  2.68X10°£2.71X10%  3.11X10°+1.27X10°b
SR IEMI-3-2 R C10H9 NO 3.45 9.00+0.00 b 149X 10'+£2.75X 100 9.07X10'+137X10%
el C10HI2N2 322 5.63X10°£491X10%  2.59X10°+£122X10'0 591X 10°+£1.49X 10%a
L L COHTNO2 482 6.46X10'+£1.80X10°%a  2.06X10°£2.52X10°  2.33X10°+2.10X 10°b
| W21 A= 4k
Plumerane I -3 R C9HTNO3 499 243X10°£1.67X 10" 5.63X10°£ 111X 10% 882X 10°+1.17X10’
35|k T R COHTNO2 489 1.02X10°+£637X10°%a  343X10'£6.10X10°  3.87X10°+£5.56X 10’b
T C8HTN 297 8.16X10'+5.05X10%a  1.87X10°£321X10°  1.53X10'£5.29X 10°

T BRJE FAT A E NG FRFRORA RS ALE — B 2 1 2R R (p<<0.05) . FK2F4[H .

Note: The different lowercase letters in the same row from different parts with the same treated indicate significant differences(p<<0.05).The same as Table 2-4.
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Table2 Components and relative contents of 34 flavonoids
AHXS
WA fett st REE The relative contents
Metabolites Compound Formula Rt (min) H = i
Leaf Stem Root
B Tl C7H605 2.25 325%x10°£1.01X10% 3.33x10°£8.10X 10% 9.00£0.00 b
Fe kg 5 L2 C7H604 351 548X10°+5.55X10%a  1.93X10°+320X10% 4.68X10°+6.73X 10"
Flavanols 4-FR 3 LS C7H802 452 9.55X10°+3.09X10°b  5.48X10°+2.55X10°b  2.94X10°+£1.32X10%a
JE LR C7H603 3.05 729%10°+9.21X10°b  5.84X10°+£536X10°0 1.15X10°+1.32X 10%a
B pNGAE C21H2009 4.02 5.57X10'+8.95X 10 9.0040.00 b 9.0040.00 b
Isoflavones T C22H22010 427 2.66X10°+4.44X10%a  435X10'+2.06X10% 9.0040.00 b
SRR C28H34016 3.96 9.00%0.00 b 6.03X10°+4.13X10%a 159X 10'+£6.47X10%a
8-C-CUEL- IS 20-O Y C21H20011 326 6.26X10°+£2.87X10°a 1.42X10°+2.76X10%a 9.00+0.00 b
BT ZEBY C21H20011 3.96 6.21X10°+2.38X10°b  7.28X10°+5.64X10°b  2.12X10'+£6.62X 10%a
f:;ggg:de ;(;E#ﬁ%#%%%o—lsmﬂ%a C37H38018 337 127X10°+1.48X10°a 1.16X10°+£1.92X10°%a 5.76X10°+£7.49X10°b
SRR C21H22010 422 1.83X10°+1.65X10°d  6.00X10°+£2.99%X10°a 5.30X10'+7.43X10%a
S RHE S-CAE C21H20010 423 2.19X10°+135X10%a 1.08X10°+£9.67X10°%a 1.54X10'+£7.75X10%a
LI 2B 7-O- BB AT C21H20011 4.65 2.53X10°+£9.91X10%a 1.09X10'+5.79X10°d  4.99X10°+£2.12X10°b
Wil e 25 -3-0- R R BT C21H20012 4.48 458X10°+3.71X10%a  527X10°£2.89X10°a 1.40X10'£7.87X10%a
S ACA C21H20011 449 2.19%10'£8.76X10°a  9.41X10°+1.82X 10°d 9.00£0.00 b
YRy C21H20011 4.66 9.00+0.00 b 1.75X10*+5.44X 10%a 9.00+0.00 b
PR TF3-0-CH T C23H24013 3.86 371X10°+1.92X10%a  1.23X10°+2.48X 10" 1.20X10'+4.47X10°c
Flavonols 3,7- - R 5 C17H1407 6.36 222X10°+336X10%  1.31X10°+6.61X10°b  5.16X10°+£6.21X10%a
;J_i:%g;-é%g%zwo-mk%-ﬁ- C23H20013 5.07 5.04X10°+8.11X10°>  4.76X10’+£824X10% 5.12X10°+3.37X10°b
?EL ;gﬂ;é%;%z"-oﬂ%%. C24H22014 478 9.0040.00 b 9.34X10°£3.00X 10%a 9.00%0.00 b
Hit Bz %3,7-—-0-B-D-FI M C27H30017 3.37 245%X10°'£1.38X10'a  5.67X10°+2.37X10'b 9.0040.00 ¢
Y5 T B C19H2006 6.53 235X10°£1.76X10% 8.09X10'+7.38X10%a 133X10°£1.98X10°a
LA C19H2005 7.41 1.88X10°+2.17X10%a 9.11X10°+338X10%a 3.71X10°+2.63X10%a
i i 3 AAD C17H1605 7.49 121X10°+8.02X10%a 2.13X10°+£1.07X10%a 2.69X10°+2.68X 10%
SO TR FESENM C16H1405 725 3.42X10°+2.06X 10% 9.0040.00 b 2.02X10°+1.68% 10%
7 2’;6:%%’4’6":m§\%§ C17H1605 7.60 297X10°+1.51X10°%a  8.09X10'+£4.96X10'b 6.05X10°+6.57X 10°ab
Flavonoid
RSy e CI8H1806 7.05 6.53X10°+2.84X10% 3.29X10°+2.83X10°b 2.59X 10°+3.18 X 10°ab
HHEHO-TH ik S C26H26015 5.00 745%X10°£3.94X 10" 5.74X10'+1.41X10°d  4.15X10°£2.01X10’a
HZHE7-0-CHETF C23H24012 4.74 8.97X10°£523X10°d  2.23X10°£6.89X 10"  1.96X10°£6.26X 10°a
F WO ET I C23H22014 424 3.95X10°+2.40X10%a  1.58X10°+2.22X10'  1.01X10°+£2.50X 10"
P2 -3-0-0-L- B 2S B AF C22H2408 3.68 122X10°+7.02X10'a  9.80%X10°+2.43X 10’ 9.00+0.00 ¢
;iffﬁfoml B e 2 0-75 Ik OB C21H21012 4.49 2.89X10°+1.63X10% 1.27X10°+£9.36X10°ab 9.000.00 b
T s (FA R C25H26014 4.79 211X10°+321X10%a  1.78X10'+3.55X10°%a 1.14X10'+1.20%X10°b
Anthocyanins g 223 0 HIETHEE CI5H1107 2.88 134X10'+225X10%a  126X10'+251X10%a 3.15X10°+1.69X10°b
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Yo, 28 B R RI-E v AR 2 A R R B

N TSt ) 25 W 7 2 R AR i A T
T A - £ T AR 25 AR, T AR

- OO ARG

®3 16MESRZSKEZEREEXSE

Table 3 Components and relative contents of 16 lignans and coumarins

AL,

AHX
AR WwE [iR=25:N B4 B[] The relative contents
Metabolites Compound Formula Rt/min
- Leaf 2 Stem 1R Root

FA M- O C26H32011 4.67 8.35X10°+£5.48X10%a  1.90X10°+£4.30X10°d  2.14X10°+8.16 X 10°c
FAHETE- 2. 15480 %0 C28H34012 4.94 539X10'£6.00X 10’2  2.31X10'+£8.81X10°d  7.61X10°+4.17X 10°c

TEREE- O C28H36013 4.69 4.64X10°+2.54X10'a  8.40%X10'+3.71X10’b 9.0040.00 ¢
THEMIEH- AP C30H38014 4.89 7.34X10°+£3.00X 10°a 9.00£0.00 a 6.52X10°+8.79X 10*a
A e mE C20H2206 3.86 2.89X10°+2.10X10c  8.96X10'+2.80X10°d  1.66X10°+9.13X 10"

KM% Lignans . .

FA TR 40 e C32H42016 3.84 2.81X10°£7.41X10°a 9.004+0.00 b 9.00£0.00 b
BRI IR R M AT C26H32012 426 3.80X10'+£1.80X10°d  4.70X10'£5.09X 10’0 3.05X10°+1.56X 10°a
T G R B 2 C26H32011 4.64 8.92X10°+£1.22X10°%a  2.11X10°£6.25X10'b 257X 10°+3.88X 10°c
R RIS EE C21H2407 58 299X10°+3.74X10°%c  6.05X10°+8.37X10°b  1.94X10°+7.90X 10’a
TR C22H2608 571 8.11X10°+1.11X10°b  5.50X10°+8.76X10°b  3.21X10*+5.78X 10
E Y XA CY9H604 3.69 2.06X10°+1.67X10% 5.17X10°+£3.74X10°d 254X 10°+1.22X 10%
K C10H805 4.07 4.66X10°'+728X10°d  4.85X10°+6.66X10%a 230X 10°+1.97X10'b
P A C15H1609 321 442x10°+2.11X10%a  2.95X10°+4.21X10°d  5.06X10°+2.60X 10%c

75 5. 2% Coumarins

A CY9H604 3.85 331X10'£6.55X10°%a  8.55X10°+£2.67X10°b  4.30X 10°+£1.28 X 10'b
B CI5H1609 333 4.09%10°+3.27X10%a  2.73X10°£4.33X10°d  2.57X10°+1.49X 10%

e CI5H1608 333 538X10°+3.89X10'  6.61X10°+4.90X 10" 9.0040.00 ¢

TR B, SR E S 2R S R 3
O-D- ] % W o Je I o 7EAR AR & AR AR, BRAE R
e ZE R HR 5 SRR

25 SHREREYHIT
5 FE AL S WAL HE 3 A AETE A N =05 =0
BEL IR (F4), XEAEEYT, BT FHAEN

T4 SHEEXULAMOTRAEXEE

Table 4 Components and relative contents of 5 terpenoids

X &
AR [fA=5-¥ wE 4 B3 B[] The relative contents
Metabolites Formula Compound Rt/min
M- Leaf Z£ Stem #& Root
CI6H2209 T 34F 383 133X10°42.08X10% 1.39X10°+2.29X10b 1.98X10°+4.12X 10'b
1%*%% IO, 6 5 6 5 5 4
Sesauit g C16H22010 Jif 3ty 358  130X10°+£132X10°% 1.87X10°+235X10°b 2.84X10°+2.15X10°b
esquiterpenoids
C22H30014  3'-O-D-%i & Wil e pO e 1 348 3.53X10'+£6.84X10°b 8.95X10'+1.29%10% 9.0040.000 ¢
Tri;iine C30H4805 HR&HK 7.02 9.00£0.00 b 9.00+0.000 b 6.98X 10°+£3.25X 10°a
Esﬁ%'g CAIHGIO13 ?iﬁifﬁjfg@z&:&jﬂm(l_’3)_ 659  9.80X10°+£7.00X10%a 6.88X10°+1.49%X10% 3.35X10'+1.03x10%
aponin -D- ML R 5] 2 M 1 1
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