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T LC-MS Ay oty 8 475 20 2R o AR AR 0 o0 #r

o' FEAK X' 2 = BnE kBE & FV2
(L P R AR A2 74 g b XM A B 9 1 e 8O P B bl R e 5 Jm B S 30 %8, mrd R 6502335 2. P skl K&
ViR L AR AL T SR HBE R E A LR E, oM B 650233)

HE: At RAGAZ AR S, KA LC-MS AR AR, sPigeh s 4 42060 P 53
REBIAT oM, BREW . EBFEX TN E 14 K38 281 Mesdy, Ak, 2HBE. A
MBI, M EAeBR K A £, WAME T A A 58, 41, 28, 24, 22 A= 13 A, ABxt
A5 H 16.866%. 13.711%. 6.108%. 10.138%. 12.488% #F= 17.513%; % & FHEX T+l
13 K3k 71 AMesdy, AAMRE ., AR, Wk, SBEPEENE, KOHHEHHA 14, 9,
9, TANF TAS, ABMTEAEHH A 5.839%. 72.653%. 3.423%. 2.062% F= 2.735%, P R ERAER 4948
AEB ik 47.474%, PR T A —F T RAT T BARAEG AR F L2 F R0 & F R AT

RS
KEEE . BebAAS; L LFE RS RARM; LC-MS
FESZES: TQ04I MEkFRERD: A MERS: 2095-1914(2024)06-0194—06

LC—MS Analysis of Secondary Metabolites in the Callus of
Vaccinium dunalianum

Wang Wei', Li Churan ', Wu Boxiao ', Liu Yun?, Yang Xiaogin ', Zhu Guolei ', Zhao Ping '

(1. Key Laboratory of National Forestry and Grassland Administration on Highly-efficient Utilization of Forestry Biomass Resources in Southwest
China, Southwest Forestry University, Kunming Yunnan 650233, China; 2. Key Laboratory of Ministry of Education for Forest Resources
Conservation and Utilization in the Southwest Mountains of China, Kunming Yunnan 650233, China)

Abstract: The investigation focused on the healthy callus of Vaccinium dunalianum, and the methanol con-
tent was analyzed using LC—MS technology. The results showed that a total of 281 compounds divided into 14
categories were detected in the positive ion mode, which mainly including 58 terpenoids, 41 alkaloids, 28 organic
acids, 24 heterocyclic compounds, 22 glycosides and 13 alcohols, with a relative content of 16.866%, 13.711%,
6.108%, 10.138%, 12.488% and 17.513%, respectively. A total of 71 compounds divided into 13 categories were
detected in the negative ion mode, among which 14 alkaloids, 9 organic acids, 9 glycosides, 7 terpenoids and 7 es-
ters were the main components with a relative content of 5.839%, 72.653%, 3.423%, 2.062% and 2.735%, respect-
ively. Especially, the relative content of pyruvic acid was the highest at 47.474%. The results will provide a basis
for the further regulation of the major chemical constituents in the callus of V. dunalianum.

Key words: Vaccinium dunalianum; callus; chemical constituent; secondary metabolism; LC—MS
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Fa ¥ ( Vaccinium dunalianum ) LS A6
Bl ( Ericaceae ) #if# J& ( Vaccinium ) & 2% 5 H:
AW H etk 2, BA KR, & 506 %
EIP, EREFEENA T W, 5
FOVE L5545, Zhao 555 £ 2008 4F 1 YO A i
G 2 R TSR e s, R IR 6'-0—
WHEE RE SR T (CA ). SRR MIRE SR 4T oy H 2
sy, H CA WS E A 22%., AERTT &%
F7= i b 2GR, BAMHRaR A
ik . PrAEARSE DI, BT N T AR AT
AP BRI i g A S KB, CA TR AR AL
BCRE 77 oM BE IR Y 245, BN RER Y —
A, FRE CA A BB AE N N a4 500 K jk
AR Sy, BA REWIF L KN T E" T
ok, MFHST R RGN, AR R AN
ZWIRMRA, SECLIA R ®E, R
BRI GUEE SR A T, KA R T R AR B R
PR R TR0 A W T B e — 20 & RN R

TP B R H B R BARNE A EY AT
B, HAZREME . BREMERAF R A
% A2 BRI SR, X T 3 A A 0% R
PR R B A B s M AR ot
JAEET TR RS A AU PR R R AR
WS T LRI R FRR R, I B A
R A S AR B AR H ARSI T O, A
25 28 37 R WA = I g R, AN
1R T AU ST T AN AR A A K R 70 0 I A
HEEH CA R AW, P Be S 78T & IR
WHR A2, AR, S EmR . 2-FRHEFHR R
FIAE RS T B b B 77 55 2 40 A b Y FZ R AR
W= Y, X R RS A 2 LR AR A W R AT
FEMAR WAHRIE . I, AT DU i iR {5
BT %, RAH LC-MS B E A, Xt
s I A A 05 2 4 W R O i AT oA, DA
B B2 15 SRR R vy 2 A2 Ay, A E— 2T
JEH B e R SRS

1 MR57FE

1.1 R A R
11,1 EEAA

DU B A 2l i iS5 A 5 g 2 ok 52
P RE, BRI S ~ 8 AR ST HE AT 5 fif
F, AR R A 2 o A A TR A R 3R Y
RS 2 1, RS S AT AT W A A
KAAAERER, SHRAREP kb7 @
P AU T SO A G 57 . RGNS S i 57

Be 7 M B WPM (3/545HL) +2.0 mg/L 6—F&
BB (6-BA) +0.05 mg/L ZEZLE (NAA) +
2.0 mg/L 2,4-—EARE LR (2,4-D) +40 g/L i
Wi, WA UG R R O MR WPM (3/5
BL) +2.0mg/L EKE (ZT) + 0.4 mg/L NAA +
40 g/L pEAES

112 M E5XHA

8 O s (ZEEfR R AR, 3R
B ), QTOF 6550 & Bk it ik 4% ( ZHER R A
A, FE ), D11961 a4k #L ( Thermo 2~ Hl ,
F[E ), DW-HL678 i vk4E ( rhRh3E 2 KR
B AR, HE ), 10N/A TR T EL
(HEZLEYRERMERAA, B E),
AR224CN Ji5p 2 —HLF IR (B UERA R
al, JE ), SG250HPT #8H Y ( [ @ Fsd s
INERABRAE, W), CFI6RXII A 25 e %
Bl (HSLAFE, HA ), 0.22 um A HLIERK
(R HEARERAR, HE), e
g (R A RAR, HHE), @igdis
WG (B, ME ), s aig iR . ik
BOBRBREE . BERR A . AHBRES . BRFREE . 6
FREE. B2 . BRERMN . FHEREN . MR ER. 2 —
Melu 2. i . ERmik R . R oE . WER . o
A (Wb THRAR, HE), KRR
B Bl ( LSRR AR AR,
B, R (AR RO ARAR, |
), /#ral 2T, NAA (bR 2R E R A R A
A, D,

1.2 XWFH*E
1.2.1  AvbR AR A4 20 47 F BE 4% B 09 ) &

WA RRS RIFm g4y, 4ok i vt
2~ 3WIE W T ARG VR TR 5 WS BB A, HEAf
PRI 100 mg T #5048 43 3 WA 3 mL 80% H
P A7 68 P HE B 30 min, BSO0ES 3 KRB FIE
WEIHERZE 10mL, F 0.22 pm BI5AL gt ik
JEE TR, i LC-MS Kl 734 .

1.2.2 UPLC-TOF-MS/MS #l 7 %

O 4. 3% A A Waters ACQUITY UP-
LC HSS T3 C;5 ( 2.1 mm x 100 mm, 1.8 um); ¥i
A A EE LK (£ 004% 2R ), BRI
(% 0.04% 418 ); BEEVENLAR T A 5% B ~ 95%
B(0O~11min), 95% B (11.1~12min), 5% B
(12.1~15min); ¥#E# A 0.4 mL/min, FiE 40 °C,
AR S ule Ui AfF: IEfE TS E T
JE CESL), WEEEHR 550 °C, JRigH sk 5500 V,
A (CUR) by 25 psi, HHHEEIN 70 ~ 1000 m/z.
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1.3 HiEAE
2R 1 F 28 M40 3 X Ak G W R A 3 TR B DT
e 5 s B0, T AR U — 12 T S A B W B0 R X

i
2 HREHH

21 EBTFRAEEXNTEELESYHHT
FEIE B FRICT, DA A 45 41 40 i
P B A LA I 281 A4S EE>90% R A9,
Ao 1428, Hop DIE2E . A ns . AL .
LB Y . BRI =, (AR

R R BTN
=

HES

b

o

a. SRS YRR T 25 B (ESI)

Wk 58, 41, 28, 24, 22 A1 134, AN
39K 16.866% . 13.711%. 6.108%. 10.138%.
12.488% Fil 17.513%. HiZE. M2s. BRI, B,
B B SRR SO A A W 5y
K17, 13, 12, 12, 8. 8. 8 M 174, AHNEHES)
W R 3.736% ., 3.413%. 6.155%. 1.613%. 1.161%.
0.217%. 1.945% F14.937% (& 1), HAHxF &
AT 1% WA YA 204, WiGEEE S A b
a4, W34 AW 3. BEk 214
AR 11~ 2B 14, AHX S & B Ay
45.852% (£ 1),

60
50

<_40-
=
30
20 F

10+

0

B 0 K B i
i AN RIS LN %%% 2
%O
* ke
b. #FBb A %GR (ESIY)

1 BEFIKEMHEMNSERYE (ESIT)

Fig. 1

The relative content and quantity of each category of compounds (ESI™)

F1 HEHMEEEXT 1%L EY (ESIT)

Table I Compounds with relative content more than 1% (ESI™)

e EW AR VERCEE/% 4 Fal K0 A& /%
1 SRR H-ihg 11 9244  CyHgOs PR 2.729
2 15—HI 37 e R H g 96.82  CsH;0, MK 1.175
3 SRR H Rl 99.91 CgH, 05  Z2¥F 4.169
4 P 2T 99.17  C;3HyO ik 1.889
5 T &SR 97.72  CyHs,0, i 1.518
6 (242)27-F2 53-8 -7,24- H ik ZJi—22- 1% 08.87  CyHuO; MK 1.226
7 By "y 74 97.18  CpHyO0, AHLE  1.039
8 W 9294  CyH0, Ml 4921
9 FAR S 3 9339  CyHs0p3 T 1.551
10 T-O- TR FERER T 90.80  C,H;0g T 1.454
11 1-0—17"kid—2-0-(92,12Z— 1 )\ ZJGidk)-3-0—o— DML FUMIE (1,7~ 0-—DFFLWE  98.55  CyuHgOs HHIT 1.261
12 N—F A R 2 90.78 C;HxNO, WK 2.085
13 2-(3— 2T )3 H—W Ik bk —4— T 9625 CpjH;pN,O, ZEHR 1.842
14 BT 90.78 C;H,,NO, £ 1.816
15 3—H R -8 BB Bk i 99.14  CpH,,0, [k 1.198
16 24—FBLIR 55,7, 22— = JF—4p— 98.92  CyHu,O0 W 4.836
17 10-H A FE Bl 1-H—4,6——H—3,10- 91.76  CgHy0; EEH 4.120
18 -2 9725  CsH,,0  [FEEk 2.892
19 10— R - 120 92.00 C;sHy0, MEEH 2.141

20 BE—1tki-1,8-—H—4,6-—H-3,11-—fx 90.69 C;H,0, BEEH 1.989

it 45.852
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EIESFHCT, w2k &It 5814,
AN R 16.866%, LG p—45% 41 (1.889% ).
FOMBEEIR (1.518%) Fl (2422734
=724 H i ZId—22-1 (1.226% ) 5F; HPrms
&Y ILA 414, MXTEEN 13.711%, 45
N—H L7 Mt R 2 0l ( 2.085% ) . 2—(3—FF TN 3k )~
3H—MEWRI—4—F (1.842% ) AR TH8 (1.816% )
s AP 28 4, MR S R 6.108%,
ALHE T BER (1.039% ). 9,11— 32 KLt Jig iR

(0.799% ) FIFAIS7 R (0.796% ) &F; ZMLEY)
HH 244, MRS N 10.138%, FUFHAFAK —H
PRI (4.169% ). MW (0.923% )., 4—552H-2,6—-
T RE—-6—(3,7- 1 E-2,6—F M L) —8—(3—H k-
2= TR E)—2H-1-AJF kR (0.906% ) 555 BHHE
FERI 22 4, AR A 12.488%, BLERTEA
H (4.921%). ZIFEER (1.551% ). 7-O-LBEHkpE
R (1.454%) Fl 1-0—1 75k Fe—2-0-(92,127-
+ I\ T 3 )-3-0—a—D—Mk g - FLBE I —(1,7)-0—
B-D—F3UHE (1.261% ) 55 BPS. Bfs, W, Ek.
RAREE R EE 0 17, 13, 12, 13, 12
8 AN, X E RN 3.736% . 3.413%. 6.155%.
17.513%. 1.613% £ 1.161%. FAZEALE WAL
TR (0.982% ). HTEE B (0.761%) 13—k
2-THR (0.394% ) 455 MG Wass 1,3-25 2%
(0.787%) . T-%4 (0.630% ). FAEHE A2
(0.450% ) FISELIIEZE F (0.431%) 555 BERILE
VI35 W RRIR H R T (2.729% ) . 15-H 3E+o5
TR HE (1.175% ) FIRER—HRR T (0.641% )
A WAL AW HE 24— B §§ -5,7,22-=
Wi —4p-TE (4.836% ). 10—H &I+l —1-4—
4,6-—BR—-310-_ 1% ( 4.120% ) FIl 4% K —2—fi5
(2.892%) % ; BRSO FHHEER
(0.720% ) Al 1,1,4—=H FIR ke (0.262% ) 45 ;
PR B WLTE E-3-THGME (0.416% ) FIFAFARE
(0.405% ) %5, B, IR M HAWSAL S P r%L
WA 8. 8 174, AXFE A AN 0.217%.
1.945% H1 4.937%. WAL E WG 3,6- LWk
AR (0.073% ) FEE LG AR A (0.057% )
& BEMRATE LRKNERR (0.650% ) I L-Ek
AR (0.457% ) %, HALKMSWEIERNERL
61, SR 44, BEE 24, B2, i
KB 2AMELZE 1A, FXTE R0 1.404% .,
1.754%. 0.094%. 0.179%. 0.308% F1 1.198%., #
WRAAHE 3R IR (0.667% ), 42 HFT
2 (0.522% ) FIPHE (0.154% ) %55 S0 H5g
IR I 4 T RER (0.370%) Fl 14— H—
Sa—3 A §§ —9(11),24(28)— ¥ —4p—1% ( 0.560% )

&y 2 IR 2 MR 1-H 4R
FIRCBE (0.018% ) FIAKRERE (0.076% ). B
(0.157% ) FIELHF (0.022% ); 42 FIlE 4 ) 2
YA % B6 (10.299% ) . 4k EB3 (0.009% ) Al
3—H A -8 FE MK (1.198% ).
22 GIBEFRAMEXTEELEY ST

FE A7 T AR R AT S 71 A4S DR >
90% L& W, Al4y g 1325, LIAWe . AL
iR . BT . BEISAIERZE N F, LA BN
14, 9, 9. 74 H 74, MX & &40 N
5.839%. 72.653%. 3.423%. 2.062% Fl 2.735%.
R EY . RNE . &R, B2, m2k,
2 B K HAL R G W B 5. 3.
3. 030 3. 20 2N 4, M E R R
2.860%. 1.379%. 1.385%. 0.503%. 0.954%.
0.833%. 0.327% F1 5.046% ( [& 2), HIXf & &K
T 1% WEwAa 124, BfEaR e 1. &Y
B2, B LA BEE A B EY 1A
FIERZE 1A, AHXT &3 B h 81.801% (£ 2).

B PRI, 14 N EYRRIE &Y
) BHE R S o 5.839%, Hh S B ENA
D—RVGHA ( 1.197% ). BIHER ( 1.200% ) F 111k
FFO8 (0.593% ) 45 9 /A HLER I AH XS & & &1t
K 72.653%, HPNENER (47.474%) . FFE R
(12.000% ) FIE BER (6.039% ) S5 HiE; B
HRAEDIL 04, HXTEEN 3.423%, HoH
TR—p-D— AT (1.016% ). 5005 (0.520% )
FIEIATHETT (0.470% ) SRS ERE; 7 mES1L
EYIRRN SRR 2.062%, HHPHEET (1.282% ).
ik E (0.308% ) FIEEHZHH K (0.187% ) %57
HEE a5 4, XS E N 2.860%,
Hb&gRmntawa ERER (1.227%) .
MIHE (0.714% ) AR (0.458%) 5.

BeRALSWIAE 74, MXTFEN 2.735%,
SEESNAEEB (0.721% ). 3—(4-FHRxK
By XN —23-— BN EE (0.483%) Fi
1~ A SRR R VI (0438% ) 45 FRZE A
KA EW % 34, XS E 458 0.503% F
0.954%, BZsfbEW N 2-=+ —hed—5—F -
T-HE IR (0.384% ), 21-F23E-30—2 H ] iA—
22— (0.069% ) F1 30—FF, S T A (0.050% ),
My Kb &Y R 44— 53 K H I (0.398%) .
BWE T -L-REEFILER (0331%) FIRE
R (0225%); BERMAEEWIL 24, HXFTEER
0.954%, 45k 3,5-— -6 H KA -
24— —1- (0.424% ) FIWLEE ( 0.409% ); 7
WERERELEDA 2-H AR —4-G-H H - 1-TN



198 [ == NN N 3= 14

o 44 3

) Kl (0.705% ). 1-H & IE—4-(1-19 i 5E) &
(0.631% ) FNIRIAERR RFERE (0.043% ); Z LR
FL-REBEM (0.626% ). L-ZHE& R ( 0.449% )
L5 WRAB (0310%); KA RKEE

BT
TR

rrrni
&

a. SRS YA T 25 B (EST)

(0.232%) M ZEE G (0.095%); HAfb &9
e pAY HS B oM A AT (0.433% ). 4EA:
% B5 (0.060% ). LEE (0.247% ) 1 5-O-H X
ERETH (4.306% ).

15

10 b

<
i}
&
5L
| TSI Sl
3 5 R B B V5 R B R &
SIS RS
SR aﬁ%@@* ki

(lzy?]
b. AL P EcE (BST)

2 BEINNEVHHENEERHME (ESI)
Fig. 2 The relative content and quantity of each category of compounds (ESI")

T2 BEXMEEXRT 1% ELEY (ESI)

Table2 Compounds with relative content more than 1% (ESI")

5 YRR VEFERE/% Sk 25 AR B /%
1 5-O-H I TR 96.46 CyHa504 [[72S 4306
2 U125 97.21 CgH,(N,0, AW 1.200
3 D—RVYi 93.82 CyH,NO HE 1.197
4 D M-B-D- A 97.02 C,sH, 305 WEH 1.016
5 T 93.19 C,y7H,6054 [ 1.282
6 TR 95.45 C;H,0; HHLER 47.474
7 FrEERR 98.17 CeHgO; HHLER 12.000
8 [ERivy 97.68 C,H,0, LR 6.039
9 SRR 95.62 C,HOs HHLER 3.001
10 RZ-8IHTRW 98.07 Cy,Hs,0, LR 1.732
11 Ko+HT 93.82 C,oH{3NO; LR 1.327
12 FEERNER 95.45 CsH,0;4 AR 1.227

At 81.801

3 HREi

AT R H LC-MS # RFEIE 5 FAE R 4t
S HT S E 281 ML A Y, o LIWE S (58
D)L B (404 ) BALIRZE (284 ).
RIMMEEYZ (244 ) BEEFZE (224>) FIEESE
(134 ) ME, MX&E595 N 16.866%.
13.711%. 6.108%. 10.138%. 12.488% F117.513%.
e B TR R I e 71 M EY, LAY
(144 ). HHLER (94 ). B (94 ).
2 (74) MEEZE (74 ) RE, M E =S
1 5.839%. 72.653%. 3.423%. 2.062% Fl12.735%.

EEFETHEN SR RT 1%k et s
20 4, AHXT A IR 45.852%, T PRI
A 12 M-S ERT 1% Mea&Y, HXE &
BT 81.801%, Ay I i A3 A 45 L 23 1) 22 AR
W=y, Hor AR R AR A R Y TR R
(47.474% ), HUNFBR (12.000%). & 5
e (6.039%). ¥ (4.921%) . 24-H FLH
8§ -5,7,22- =) —4p—1E (4.836%). 5-O-H HAH
fil F IR (4.306% ). 4B2% — H R A ( 4.169% ) .
10— HYEEE ke 1-H-4,6— —He-3,10— 15 (4.120% )
FISERER (3.001% ) %,

EAS T 0 S A i A A 1 L 2 1 TR B 7R
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SFAPUREATEY, SR, RRATEY RA
REMPUAL . PUR . BT R PURTESZ
FhAE BTG, AT EATPUR . B SRR,
B DMRBAYIR . DU A YIS TR, VR R
VER AR MR AT A I, BERE 2 5 iR
WA IR AR, 7R PR p A
P b R PG T AR 0, UL B H Ak ik HA
YU . PURTESF DAL, FER AN APyl
TR BN Iz T, 0 P R TR B R 8 N AR
T FEIR B R E A D, AT FIAR IR £Ah e 27,
PR TP A A0 10 2o R A A1 OB Aot v 5 1S
Yoz s T S A ERR B, Al AR — Rl A L
iz S AN IS, R, R — 20 B T TN I PR A
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