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SUMMARY

PROCESSING OF EXTRACTION AND ANALYSIS OF PLANT GROWTH
SUBSTANCES IN VEGETABLES

This method was applied to extract and analyze some kinds of phytohormones in vegetables. Plant
tissues washed by tap water before frozen in liquid nitrogen and kept under 4°C in the freeze until to be
analyzed. After grinding into powder, plant hormones in the samples were extracted by 2-
propanol/H>O/concentrated HCI (2:1:0.002, vol/vol/vol) and Dichloromethane (CH>Cl), respectively.
The supernatant was concentrated by nitrogen flow during an hour and dissolved in MeOH and then
directly injected into column and analyzed by HPLC-ESI-MS/MS. 9 plant hormones had been identified
and quatified in the plant tissues, with the limit of detection (LOD) was ranged from 0.19 ng.g” to
22.14 ng.g! and an acceptable relatively higher recovery rate from 62.24-91.35%. To our knowledge,
this is a rapid, simple, sensitive, accurate and efficient method for the analysis of phytohormones in
vegetable samples using HPLC-ESI-MS/MS.
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1. GIOI THIEU sinh hoc va sinh 1y thuc vat dé tim hiéu chirc
Chét kich thich ting truong thuc vat (plant ning ctia ching trong chuyén hoa thuc vat va
hormone) déng vai trd quan trong trong hau tuong tac sinh thai (Marilia et al. 2014, Matias
hét cac qué trinh sinh 1y trong chu ky sdng cua et al. 2015).

thyc vat, nhu sy tang truong, su trao ddi chat Theo Maren va cong sy (2011) va Izumi va ctv
va sy hinh thanh tir sy nay mam dén su 140 hoa. (2009), sy hién dién cua cac hooc mén & néng
Trén co s cdu trac va chirc nang sinh Iy cta do rat thap trong cac mé thyc vat (10 dén 107
ching, cac hoocmon thuc vat dugc phan thanh M), do d¢, viéc phat trién phuong phap phan
mot sé nhom chinh bao gém axit abscisic tich, xéc dinh chat kich thich tang truéng I
(ABAs), auxin, cytokinin, gibberellin va mdt thach thire. Ngoai ra, mot thach thirc khac

1a cac hodéc mén khac nhau co cac tinh chat
jasmonate, salicylat (Zhao-Yun va cOng su, héa hoc Vé‘ cau tric da dang,‘ khiér} cho viée
2016). Viée xac dinh va dinh luong danh gia dong thoi va cong bang vé so luong
cua chung tré nén kho khan (Yun et al. 2010).
Mot s6 cac phuong phap xac dinh va dinh
luong chit kich thich ting truong da duogc bao

ethylene, va cac phytohormone khic nhu

phytohormone trong thyc vat thu hit sy quan
tdm va can thiét cia cic nha nghién ctru vé
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cdo. Bioassays dugc coi la mgt phuong phap
c¢b dién dé phan tich hormone va lan dau tién
duoc st dung trong viéc xac dinh cac chit b
trg vao nam 1928 (Volksch et al. 1989). Tuy
nhién, phuong phap nay thiéu sy hap dan trong
viéc chuan bi mau, d¢ dac hiéu thap va do lap
lai kém, do d6 viéc ap dung Bioassays it thu
hat duge sy chu y trong nhitng nim gan day
(Yun et al. 2010). Sau dé, xét nghiém mién
dich (immunoassays) da dugc st dung nhu la
phuong phap c6 do nhay cao dau tién trong
viéc dinh lwong cac hooc mon thyc vat (Weiler,
1984; Sandberg et al. 1987). Tuy nhién, su
xuit hién ciia cac phan ng chéo va thoi gian
chuan bj khang thé dai 1am han ché cac tng
dung tiép theo ctia chiing. Hon nita, khang thé
dic hiéu khong phu hop dé phat hién dong thoi
nhiéu loai hormone thuc vat khac nhau. Trong
cac nghién ciru trude day, sic ky khi - phép do
phé khéi (GC-MS) 1a mot ky thuat duoc cong
nhan trong linh vuc phéan tich phytohormone
(Meyer et al. 2003, Del et al. 2007, Pan et al.
2010). GC-MS duogc cong nhan la mot phuong
phap hiéu qua nhan dang cdu trac va dinh
lugng chinh xéc trong phan tich cac hooc mon
thuc vat, nhung yéu ciu ciia mau phai bay hoi
lam han ché cac tmg dung cua né ddi voi tat ca
cac loai hooc mon thuc vét. Hon nita, mot sb
thanh phan khong bén véi nhiét thuong bi phan
hiy & nhi¢t d§ cao trong injector va cft cua
may GC — nguyén nhan 1am han ché st dung
GC trong phan tich hooc mon tang truong.
Theo Qingfeng va ctv (2014), HPLC véi phat
hién di€n hoa kém hi¢u qua trong viéc phan
tich dinh Iwong cac hooc moén thyc vat trong
cac miu & mic d6 ham lugng nano boi vi qua
trinh loc phuc tap va gidi han dinh luong dap
tmg dé dap ung yéu cdu xac dinh kha cao va
khé thanh cong v6i cac mau c6 ham lugng thap.
Trong nhitng nim gan ddy, cic may phén tich
khéi phé két ndi voi hé thdng sic ky long kha
phat trién va dugc trién khai trong phan tich
héa Iy cho phép gia ting d6 nhay va d6 chon
loc, c6 thé xac dinh va dinh luong dong thoi
nhiéu hop chit trong mot lan chay (Ljung et al.
2004, Hou et al. 2008, Matias et al. 2015). Tuy
nhién, cach tiép can c6 thé khac nhau tuy thudc
vao phuong phap tach sir dung sic ky long va
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cac dang khéi phé nhu 3 t& cuyc, iontrap,
orbitrap, TOF... ung dung trong dinh luong.
Do d6, phat trién mot phuong phap phan tich
nhanh, nhay, don gian, chinh xac va hiéu qua
dé phan tich cac chit kich thich ting trudng
trong cac mau sinh hoc phirc tap 1a thyuc sy can
thiét va c6 ¥ nghia trong nghién ciru thyc vat.
2. THUC NGHIEM

2.1. Héa chét

Céc chat chuan: Indole-3-butyric acid, Indole-

3-carboxylic acid, Trans-zeatin, N6-
Benzyladenine, Kinetin, N6-
Isopentenyladenine, Gibbereline As,

Gibbereline A4 and Gibbereline A; dugoc mua
tor Cong ty OlChemim Ltd. (Olomouc, Czech
Republic).

Methanol (MeOH) dung cho HPLC c¢6 d¢ tinh
khiét 99.80% va formic acid (FA) 1a cic san
pham ctia Cong ty Sigma Aldrich (Singapore)
trong khi d6 nude deion duge tao ra bang may
Milli-Q Integral 3 (Merck Millipore, France).
2.2. Quy trinh tich va chiét miu

Quy trinh tich va chiét mau rau dé phan tich
cac chit kich thich tang truong dugc trinh bay
o Hinh 1.

2.3. Piéu ki¢n HPLC

e Thiét bi Ultimate 30000 HPLC system
(Thermo Fisher Scientific, Bremen, Germany),
* Cot sic ky: Hypersll GOLD aQ with DIM
150 x 2.1 mm, Particle size: 3 um

* Pha dong A: nudc deion (chta 0.1% acxit
formic)

* Pha dong B: MeOH (chtra 0.1% acxit formic)
* Tbc @6 dong: 0,1 mL/min

e Khay dung miu duoc duy tri & 8°C va cot
tach dugc kiém soét ¢ diéu kién 30°C.

* Cac chat kich thich ting truong dugc tach
bing cot sdc ky va rira giai bang cac pha dong
& trén theo ché d¢ thay ddi dong trong thoi
gian 15 phit nhu sau: khoang 3 phit ban dau
ty 1& dung moi methanol chiém 30%, sau dé
dugc ting dan trong thoi gian 6 phut téi ty 18
néng d6 90% va duy tri & ty 1& nay trong
khoang 3 phut; tiép d6 ty 1& methanol giam
xudng 30% trong thoi gian 1 phat va duy tri
khoang 2 phut trudc khi chuyén sang phan tich
cac mau tiép theo.



[ Rika sach man, san dé déng cimg trong dung dich nitrogen ]

¥

-

Mau dwoc nghién nhé, trén déu va can khoang 100mg cho vao

-

-

L

dngteflon 13 mL
¥
™
Thém 1 ml dung méi chiét: "-pmpann].H O HCl [" 1 0. DD"’
v/v/v)vao méi dngteflon dungmau. i
13.1:10 (meul™h )

|

Cho vao may lic va lic khoing 30 phit &4 °C ]

[ Ly tim mau khoang 10 phit & ché 6 13,000g va 4°C |

v

Hutra 1 ml dung dich chiét cho vao Gngthﬁ}' tinh, saudé cé canman
bang dong khi ntrogen trong tho sian khoang 1 gie

!

thiét bi HPFLC-ESI-MS/TVMS

{ Héa tan miu trong dung méi MeOH (1mL) va phan tich trén J

Hinh 1. Quy trinh tach va chiét cdc chdt kich thich tang truéng trong rau

2.4. Piéu kién khoi pho:

Viéc dinh lugng va xac dinh cac chét kich
thich ting truong va cac chit chuyén hoa chinh
ctia chiing duoc thyc hién trén thiét bi phan
tich khdi phd LCQ Fleet MS (Thermo Fisher
Scientific, Bremen, Germany) dugc trang bi
ngudn ion hoa dién hoéa (ESI). Dung dich
chudn cia cac hormone ting trudng duoc
chudn bj trong hdén hop MeOH/ H,O/FA
(50/50/0.1%, v/v/v). Hon hop chuan (Ing.uL1)
ctia cac chat kich thich ting truong duoc bom
tryc tiép vao detector MS thong qua syring
Hamilton (500 pL, USA) ¢ téc do dong
pL.min"!.

Céc diéu kién phan tich khdi phd duoc téi wu
hoa va thiét 1ap bao gom: heater temperature
100°C, Sheath gas flow rate 25 (arb), Auxiliary
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gas flow rate 5 (arb), sweep gas flow rate 0
(arb), spray voltage 3.6 (kV), Capillary
temperature 200°C, Capillary voltage -11 (V)
and tube lens -55.98 (V).

Céc dir liéu phéan tich, x@ 1y va danh gia trén
thiét bi khdi phé MS dugc thuc hién boi phan
mém Xcallibur (Version 2.2, Thermo Fisher
Scientific).

3.KET QUA

3.1. Két qua tdi wu cac diéu kién phan tich
Céc chit kich thich ting truong Gibberelin As
(GA3), Gibberelin As (GA4), Gibberelin A5
(GA7), Indole-3-butyric acid (IBA) va Indole-
3-carboxylic acid (ICA) dugc phan tich theo
ché d6 [M-H] ions; trong khi cac ion nhu
Trans-zeatin (tZ), N6-Benzyladenine (BA),
Kinetin (K) va Ne6-Isopentenyladenine (iP)



dugc phan tich theo ché do [M+H]" ions bang
cach sir dung thiét bi ESI-MS/MS. Tién ion va
cac ion san pham ciia mdi chat kich thich tang
truong duoc xac dinh théng qua cac hop chat
xac thuc va su chuyén hoéa tir ion me sang ion
con dugc lya chon dya trén cuong dg tin hiéu
ctia cac chat phan tich. Mtrc d6 niang luong co
1ap ion cua cac chat phan tich dugc tdi vu hoa
dé tao ra tin hiéu ti da (Bang 1). Trong
khoang ning lugng tir 18 dén 24 (eV), tién ion
cia mdi chat kich thich ting truong tao ra
nhiéu ra nhiéu manh ion san pham, trong dé
manh ion san pham c6 tin hiéu cao nhét dugc
lwa chon dé dinh lwong, hai manh ion c6 tin
hiéu cao tiép theo dugc st dung dé xac nhan
lai ion me ban dau. Tién ion, cac ion san phdm
va muc nang luong cb l4p ion toi wu cua cac
chat kich thich ting truong trong rau duoc
trinh bay ¢ Bang 1

3.2. Phén tich va xdc nhin cic chit kich
thich ting trwéng trong rau

Thoi gian luu cia cic chat kich thich ting
truong Gibberelin Az (GA3), Gibberelin A4
(GA4), Gibberelin A7 (GA7), Indole-3-butyric
acid (IBA) va Indole-3-carboxylic acid (ICA)
phan tich theo ché d6 [M-H] ions dugc thé
hién & Hinh 2, trong khi thoi gian rua gidi cua
4 hop chit Trans-zeatin (tZ), N6-
Benzyladenine (BA), Kinetin (K) va N6-
Isopentenyladenine (iP) phan tich theo ché do
[M+H]* ions dugc trinh bay ¢ Hinh 3.

Nhin chung, tit ca cac chét kich thich ting
truong phén tich theo ca hai ché do ion am va
ion duong déu dugc rira giai trude 10 phat. Cu
thé, c6 thé thiy tir Hinh 2, trong cac ion phan
tich theo ché d6 [M-H]"', c6 GA; dugc rira giai
som nhit & 4.63 phut, tiép dén 1a ion ICA, &
5.15 phit. BA va GA71an lugt 1a céc ion dugc
rira giai ¢ vi tri tha 3 va tha tw ¢ 6.01 phut va
6.83 phut. 7.10 phut dugc ghi nhén 1a thoi gian
luu ctia GA4, day 1a ion dugc rira giai mudn
nhét trong nhom cac chit dugc phan tich theo
ché d6 ion am (Hinh 2).

Céc qua trinh chuyén dbi tién ion va cac ion
san pham khac nhau dudi ché do giam sat phan
ung chon loc (selected reaction monitoring -
SRM) cho phép phat hién chinh xac ting hop
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chat trong hdn hop cac chat kich thich ting
truong. Ngoai ra, viéc theo ddi qua trinh
chuyén doi ion tir tién chit sang ion san pham
thudong dan dén viéc x4c dinh mot sb peaks co
chung mot thoi gian luu ctia hop chat phan tich
muc tiéu (Hinh 2, 3). Nhitng dit liéu nay cho
thiy rang su két hop cua thoi gian luu trong
sdc ky long va sy chan doan qué trinh chuyén
hoa tir tién ion sang ion san pham trong ESI-
M/MS 1a bit bugc va cing nhau. Pay dugc
xem 1a diém dic hiéu thiét yéu cua viéc dinh
luong cac chit kich thich ting trudng trong rau.
3.3. Gi6i han phat hién, giéi han dinh lugng
va hiéu suit thu hdi ciia phwong phap

Viéc xéac thuc phuong phdp dugc thyc hién
bang cach tinh toan giéi han phat hién (LOD)
va gidi han dinh lugng (LOQ) cua quy trinh.
DPuong chuan cia cic chat kich thich ting
truong bao gdm cac diém c6 ndng do khac
nhau: 1, 5, 10, 20, 50, 100, 200, 500 and 1000
pg.mL! phan tich ldp lai 3 1an va két qua duoc
trinh bay ¢ Bang 2. Hé s6 twong quan (R?) cia
cac dudong chuin dao dong trong khoang
0.9982 dén 0.9996, trong d6 GAs: 0.9984,
GA4: 0.9993, GA7: 0.9991, IBA: 0.9985, ICA:
0.9982, tZ: 0.9996, BA: 0.9991, K: 0.9992 va
iP: 0.9989 (Bang 2).

Gi6i han phat hién (LOD) 1a ndng do thap nhat
ctia chit phén tich, cé thé phan biét véi do
nhidu trong cic mau tring va duoc dinh nghia
1a ndng d¢ co ty 1¢ tin hi¢u/ ¢ nhidu (S/N) 1a 3.
Bang 2 cho thiy, nhom gibberelin (GAs;, GA4
va GA7) ¢6 gioi han phat hién cao nhat, dao
dong trong khoang 5.18 toi 22.14 ng.g™'. Tiép
dén 13 nhém auxins bao gdbm IBA va ICA co
LOD lan luot 14 5.37 ng.g' va 2.60 ng.g'. Pic
biét, ndng do chit phan tich thip nhit duoc
phat hién ¢ mic 0.19 ng.g”!, 0.30 ng.g”!, 0.43
ng.g! va 121 ngg! tuong ung véi céc
cytokinin bao gém BA, tZ, K va iP (Bang 2).
Gi6i han dinh lugng (LOQ) dugc dinh nghia la
nong do chat phan tich thp nhét c6 thé duoc
dinh lugng chinh xac, va co ty 1€ S/N 1a 10.
Diéu dang chii y & Bang 2 d6 1a c¢6 sy khac
nhau vé gidi han dinh lugng cua cac chét kich
thich ting truong dugc phan tich boi thiét bi
sic ky 1ong ghép ndi song song khdi phd & ché



d6 ion hoa dién hoa. Giéi han dinh lugng thép
nhét duoc ghi nhan & chét N6-Benzyladenine
(BA) voi khoang 0.64 ng.g™'. Trans-zeatin (tZ)
va Kinetin (K) lan luot xép tha 2 va tha 3 véi
LOQ tuong tmg bang 1.0 ng.g™' va 1.42 ng.g".
Vi trf thtr to va th nam 1an luot thude vé N6-
Isopentenyladenine (iP) va Indole-3-carboxylic
acid (ICA), 6 4.04 ng.g' va 8.65 ng.g”'. GA4 va
IBA chia sé¢ cung vi tri vé gia tri LOQ ¢ mirc
xap xi 17 ng.g" trong khi giéi han dinh luong
cia GAs 1a 32.41 ng.g’!. Bic biét, GA; dugc
dinh lugng & ndng d6 cao nhit, khoang 73.78
ng.g! (Bang 2).

Diéu nay cho thdy rang & cing diéu kién phan
tich nhung cac chit kich thich ting truong
trong rau dugc phat hién va dinh lugng & cac
ndng d6 khac nhau, trong d6 gidi han phat hién
va dinh lugng thip nhat thudc vé cac chat
thudc nhom cytokinin, tiép dén 1 auxin va cao
nhét & nhoém gibberelin.

Hiéu suit thu hoi la gia tri duoc xac dinh bang
ty so gitra ham luong cia mdi chit kich thich
tang truong hién thi cac mau spiked/tach chiét
va tach chiét/spiked. Bang 2 cho thdy c6 su
khéc nhau vé gia tri hiéu sudt thu hdi ciia cac
chat kich thich ting truong. Hau hét cac hop
chét nhu GAs, GAs, IBA, tZ, K va iP ¢6 hi¢u
suat thu hoi trung binh dao dong trong khoang
80-90%. Dic biét, hiéu suit thu hdi cua BA dat
gi4 tri cao nhit & 91.35%, trong khi d6 higu
sudt thu hoi cia GA4 kha thap (63.65%), va
thip nhat 1a 62.24% d6i v6i hop chat ICA. Mt
khac, d6 l1éch chudn vé sy lap lai trong viéc xac
dinh hiéu suét thu hdi clia céc chat kich thich
tang truong chi nam trong khoang 1.86-7.49%.
Diéu nay cho thiy rang tdm quan trong cia
viéc chuédn bi duong chuin trong nén mau va
su xac thuc cia phuong phap phéan tich cac
chét kich thich tang truong trong rau.

4.KET LUAN

Phuong phap phan tich nay thé hién phwong
trinh tuyén tinh cia 9 chat kich thich ting
truong véi hé sd twong quan R? > 0.998, gidi
han x4c dinh tir 0.19 ng.g’ dén 1.21 ng.g! d6i
voi cac cytokinins (BA, tZ, K va iP), tu 2.60
ng.g' dén 5.37 ng.g! ddi véi cac auxins (ICA
va IBA), va tir 5.18 t6i 22.14 ng.g' dbi vdi cac
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gibberelins (GA3;, GA4 va GA7). Hiéu suat thu
hdi ctia phuong phap ddi voi cac chét phan tich
tr 62.24% t6i 91.35%. Theo hiéu biét cia
chung t6i, ddy la phuong phép phan tich
nhanh, nhay, don gian, chinh xac va hiéu qua
trong viéc phan tich cic chét kich thich ting
truong trong cac mau rau sit dung thiét bi
HPLC-ESI-MS/MS.

LOI CAM ON

Nhom tac gia thuc hién nghién ciru nay xin
tran trong cam on D& tai: Nghién ciru va dinh
gid hién trang siv dung cdc chit kich thich
tang trwong thwe vat (QTHU01.02/18-19) va
Dé tai: Phat trién phwong phdp Profiling cho
mot so6 doi twong thwc phim tiv thwc vit
(TDNDTP.01/19-21) da hd trg kinh phi cho
vi€c thyc hién nghién ctu nay.

3 Bing 1. Tién ion, ion sin phim va ning lweng cd cia cic chit kich thich ting trudng

Chatkich Chédo Thoi gian Tiénion Cacion san pham Ningleong
hat 3 g o
el o TonTehemy Temwaermn P E)
GA: - 463 345 239 143 19
283
GAs - 7.10 331 313 287 20
269
GA- - 6.74 329 223 267 19
311
IBA - 6.01 202 134 116 20
158
ICA - 5.06 160 116 62 18
144
tZ + 483 220 202 136 20
148
BA + 6.10 226 21 148 24
208
K + 331 216 148 188 22
173
iP + 644 204 136 148 20
186

1 Bang 2: giéi han phat hién, giéi han dinh leong va hiéu sudt thu héi cia cac chat

s 5 = LOD LOQ Higu suét thu héi
chit Bwing chuin R? :
Hep g mesh  (mg) )
GA: y=05191x+04283 09984 9.72 3241 8236=186
GA: y=10461x-19908 05993 518 1728 63.65=5.40
GA- y=05469x-36827 09991 2214 7378 8572+7.49
IBA y=42516x-26438 09985 537 17.89 84232382
cA y=33386x-35777 09982 260 8.65 6224+3.62
tZ y=42036x+42386 09996 030 1.00 85.98+6.10
BA y=40942x-3185.6 09991 0.19 0.64 9135491
K y=25842x-15184 09992 043 142 9025+575
iP y=15288x-42159 09989 121 404 89.43 423
o
(*) Dit ligu dwoc trinh bay dwéi dang TB = SD,n=3.
RT: 0.00 - 16.00
5n c1s 501
L s 1o TIC: 2.19e2
ol 108 189 454 | I sse 1020 12.47 1407
515
1 5
1003 | ICA: 1.53e2
& i 3.26 [\ e08 770 9.78  11.57
_ 6.01
£200 \ IBA: 2 1082
g |
- 1.67 488 )\ 649 978  12.26 12.10
T 6.83
20 1 |l GAr: 2. 74e1
51041 3.15 4.08 [\ 818
7.10
50 \ GA« 6 44e1
g 3.80 5.02 _7.48 9.8 10.60 13.81
483
A GA:x 3.78e1
203 104 188 436 |\ 510 8.03 868 954 12.47 14.07
B B e e S A R s )
o 2 4 8 8 10 12 14

Tima (min) ]



Hinh 2. Thoi gian lwu ciia 5 chdt kich thich
tang truéng phan tich theo ché do [M-H] ion

RT: 0.00 - 15.04

6.39 6.44

1 8.50 TIC: 7.60E4
50000 1oy 534 ]85
Jozsa 228 402 "3, gl 666 833 815 1057 12.34 13.16
6.44
4 f :
50000 il lesrenes
g 213 402 605|766 847 1042
e 5.31
2100005 A K 1.20E4
] E|
§ 5000
= 3 489 || 652 844 10.57 1227
- 4.83
4 \ 3
10000] i“‘ 1Z: 1.31E4
3 |
o046 228 403 (| 629 7.05 830 893 12.00
6.10
K BA 1.96E1
100005
J024 381 508 7.27 833 915 1040 1234 13.16
[ e L T T T T T T T T
2 4 8 8 10 12 14

Time (min}

Hinh 3. Thoi gian luu ciia 5 chat kich thich
tang treong phan tich theo ché dé [M+H] ™ ion
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4.4. Két luan

Su tich liy ham luong thiy ngan trong dong
vat nhuyén thé hai manh vé thay ddi theo mua
(mua mua va mua kho), cu thé mua kho phat
hién cao hon mua mua. Tuy nhién ham luong
Hg trong nhiéu miu nghién ctru cao hon so voi
quy chuin QCVN 8-2:2011/BYT [5] do d6
cAn phai c6 nhitng canh bdo sém vé ham
luong kim loai ndng khi sit dung lam thyc
pham chinh hang ngay.
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