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PHAN TiCH VAI TRO CUA GOC METHIONINE
TRONG CAUTRUC HQ NHAN TO PHIEN MA O PAUTUONG
Chu Dtic Ha!, Lé Minh Tuén'?, Pham Phuong Thu?, Pham Thi Ly Thu!,

Pham Thi Xuén®, La Viét Hong?, Pham XuanHoi'

TOM TAT

Methionine (Met) 1a mdt axit amin d()ng vai tro thiét yéu & thuc vat. Cac gbe Met cau tric dugce gia thuyét 1a bao
v¢ protein chdng lai bat lgi 0xi hoa ndi bao. Trong nghién ctru niy, 21 phén tir protein gidu Met, thuoc ba nhém nhan
t6 phién ma (TF) lan luot 1a ‘Basic helix-loop-helix’ (bHLH), “Basic leucine zipper’ (bZIP) va ‘Serum response factor’
(SRF) ¢ déu twong (Glycine max) da duge phan tich nham chung to gia thuyét trén. Két qua phan tich da dua ra 15
MRP ¢6 sy phan b6 day didc cua gdc Met trén hai khoang ngoai bién quanh ving bao thu. Phén tich tin sinh hoc cho
thiy cac TF déu wa nuéc va hiu nhu khong bén viing trong ong nghiém. Trong d6, mot s6 TF ¢6 thé phan bé trong té
bao chét, ty thé hodc trén hé thong bao goi. Dya trén dir liéu biéu hién trong diéu kién thuong, phan 16n cac gen ma
hoa ho bHLH va bZIP déu c6 xu huéng tang cuong bicu hién & it nhat mot co quan chinh. Phan tich dir liéu RNA-Seq
cho thiy, mot s6 gen ma hoa ho bHLH va SRF ¢6 mirc d phién ma dap tmg, trong khi cac gen mi hoa ho bZIP ¢6 dap

{mg ting & ré dau twong x1r Iy man.
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I. PAT VANDE

Dudéi tac dong cia ngoai canh bat loi, su du thira
ciia mot sb dang chira 6xi nguyén tir hoat dong da
gdy ra nhiing ton thuong dén cac dai phan tir, anh
huodng tiéu cuc dén sinh truong va phat trién cua
thuc vat. Khoang 68% dai phan tir bi tac dong la
proteln Trong d6, gbc Methlonme (Met) trén protem
rat d& bi oxi hoa 1am bién ddi cdu truc ddn dén thay
ddi hodc gay mat chirc ning cua protein (Kim et al
2014). bay 12 mot axit amin dong vai tro thiét yéu
trong doi song cua thuc vat, tham gia vao con duong
Yang, lién quan dén nhiéu chu trinh n01 bao quan
trong nhu hinh thanh mang t& bao, tong hop diép
luc va cung ¢ thanh té bao. Gia thuyét datra 14, liéu
rang cac gbc Met cAu triic ¢ thyce sy tham gia vao co
ché bao vé cau triic dé duy tri chtrc ning ctia phén tir
protein trong diéu kién bat loi hay khong?

Gan day, 213 phan tir protein giau Met (Met-rich
protein, MRP)dadugcsangloc ddautwong (Glycine
max) (Chu et al., 2016). Cac MRP nay da duoc xac
dinh tham gia vao nhiéu qu4 trinh quan trong trong

té bao, trong d6, 20% MRP lién quan dén diduhoa
phién ma ¢ dau twong (Chu ef al., 2016). Nhu da
biét, nhan t6 phién ma (TF) 1a ho protein tham gia
diéu hoa su biéu hién cua gen, vi vy lién quan dén
co ché dap ing va kha nang chong chiu véi didu kién
bt loi.

Trong nghién ctru nay, 3 nhom TF giau Met co
ban ¢ dau tuong, bao gdbm ‘Basic helix-loop-helix’
(bHLH), ‘Basic leucine zipper’ (bZIP) va ‘Serum
response factor’ (SRF) dd dugc khai thac dé chimg
minh gia thuyét vé vai trd ciia Met lién quan dén co
ché dap tng. Dic tinh 1y héa hoc cua protein va khao
sat sy phan bd ciia cac gdc Met trén phan tir da duoc
xem xét. Mirc d6 biéu hién cua gen ma hoa cac TF
duoc phan tich tai mot s& co quan chinh trén déu
tu:omg Két qua cua nghlen cuu nay c6 thé cung cap
dan liéu quan trong vé vai tro cua gdc Met lién quan
dén chong chiu bét loi & dau tuong.

II. VATLIEU VAPHUONG PHAPNGHIEN CUU

2.1. Vatliéu nghién ciru

Bang 1. Thong tin vé cac TF gidu Met khai thac trong nghién ciru nay (Chu et al., 2016)
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Trinh tu protein va ma dinh danh cua 21 TF
giau Met, bao g(‘A)m nhom bHLH, bZIP va SRF duoc
khai thac tir nghién ctru trudce day (Chu et al., 2016)
(Bang 1).

2.2. Phwong phap nghién ciru

- Phuong phap phan tich vung bao thu cua
protein: Cac TF duoc kiém tra ving bao thu bang
MEGA (Kumar et al., 2016). Trinh ty ngoai bién
tir dau 3 va 5” dén vi tri ving bao thu dugc tach
biét dé xac dinh su phan bb gdc Met biang BioEDIT
(Hall, 1999).

- Phuong phép xac dinh dac tinh ly hoa cua
protein: Trinh ty axit amin dugc phan tich trén
ExPASy Protparam (Gasteiger ef al., 2003) dé danh
gi4 cac dic tinh 1y hoa cia protein. Mot sb chi tiéu
dugc quan tdm, bao gdm diém dang dién (pl), chi sb
bat 6n dinh (1), d6 wa nude (GRAVY).

- Phuong phéap du doan vi tri phan bd nodi bao
cua protein: Trinh ty axit amin (.fasta) cua cac TF
duoc st dung dé tim kiém vi tri cu tra trong té bao
thong qua TargetP (Emanuelsson et al., 2007). Trong
d6, mrc d¢ tin cay cua thuat toan duoc xac dinh
theo thang diém 5 (Emanuelsson et al., 2007).

- Phuong phép phan tich in silico mtrc do biéu
hién gen trong diéu kién thuong: Muc d6 phién ma
ctia gen mi hoa cac TF dugce xac dinh trong diéu
kién thuong dua trén dit liéu microarray da cong bd
(Libault et al., 2010). Trong do, chin mau mo, bao
gdm 16ng ré thu & 84 va 120 h sau nay mam (RH 84
HAS, RH 120 HAS), n6t san (N), m6 phan sinh dinh

Viing thwong nguén

chdi(SAM), hoa(F), vo quaxanh (GP), 14 (L), & (R),
chop ré (RT) duoc khai thac va phan tich (Libault
et al., 2010). Ma dinh danh dugc truy van trén dir
liéu microarray dé tim kiém biéu hién ctia gen tuong
g & cac mo trong diéu kién thuong.

- Phuong phap phan tich in silico mic d biéu
hién gen trong diéu kién bat loi: Mirc do phién ma
clia gen mi héa TF trong diéu kien man dugc khai
thac trén dit lidu RNA-Seq gin day (GSE57252)
(Belamkar et al., 2014). Trong d6, mau ré xu 1y véi
dung dich NaCl 1()0 mM trong 0 (d6i chimg), 1, 6va
12 h duoc thu thap dé phan tich RNA-Seq(Belamkar
et al., 2014). Ma dinh danh cua gen ma hoa TF dugc
truy van dé tim kiém muc d6 biéu hién cua gen
tuong tmg & ré trong diéu kién xir 1y man.

III. KET QUA VA THAO LUAN

3.1. Phan tich sy phin b ciia gbc Met trong cac ho
TF & dau twong

V6i gia thuyét dat ra, ving thuwong ngudn
(upstream region) va ha ngudn (downstream region)
ctia cac nhém TF duoc chon loc dé xac dinh mutrc do
phan b6 clia cac gbc Met trén protein. Trudc tién,
ving bao thi cia cac TF duge xac dinh bang cong
cu MEGA (Kumar et al., 2016). Vung bao thu cua ho
TF bHLH giau Met ¢ dau tuong c6 ciu tao gdm 4
domain, ‘basic-helix-loop-helix’, trong khi céc thanh
vién ctia ho TF bZIP chia s¢ céu trac bao thi gom
3 vung, ‘basic-hinge-leucine zipper’ (Hinh 1). Phan
tich trinh tu trong déng cho thay ho TF SRF c6 ving
bao thu ‘MADS-box’ (Hinh 1).

Ving bao thu Ving ha nguén
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Met (%) Met (%)
Glyma13g19250 —— 1,93— "1 [ [ [1—14,02—
Glyma10g04890 =—— 1,84 —— —13,86——
Glyma03g32740 —— 3,15 —— —13,38—
Glyma20g22280 —— 1,87 |w| |T = T |—11,27—
Glyma02g00980 —— 2,94— |>| |m| |O| |m|— 863—
Glyma03g04000 — 1,31— [2FEFQ[M S| —21.05—
Glyma01g15930 —— 226— O] [>< X|—16,55—
Glyma11g17120 —— 3,31=— —17,86——
_— Glyma05g19920 —— 8,22—— — 4,05
Glyma04g04190 —— 9,66 —— — 4,55—
Glyma06g04380 —10,14— | | L | L] LJ— 351—
bZIP Glyma08g12170 =—— 7,69— [@] [T ] — 6,38
|——|:G|yma05928960 — 7.69— |5 HZ H'Spsen |— 865—
Glyma02g01600 ——10,00— | O] || — 9,09—
Glyma11g30490 4,55 11,76—

Glyma11g30620 4,55 - 11,76
Glyma18905960 4,55 > 12,50—

Glyma18905930 4,55 ® 13,08

Glyma11g26260 ) Q 7,63

SRE Glyma20g27320 10,34 8,23

Glyma10g40080 10,34 7,88

Hinh 1. Sy phan b cua gc Met trén ba nhom TF & dau tuong
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Khéo sat hai ving ngoai trinh tu bdo thu cta ba
nhoém TF da cho théy su mat do day dac cuia cac géc
Met. Cu thé, phan 16n bHLH (8 trén 11) c6 ving
thuong ngudn hodc ha nguén quy tu nhiéu gbc Met
(> 10%) (Hinh 1). Chi ¢6 mét TF thudc ho bZIP,
Glyma02g10600, dugc xac dinh c6 su phan bd day
dic cia gbc Met & hai ving ngoai bién can bao thu
(Hinh 1). Trong khi d6, hai doan trinh tu ngoai
viing bao thu ctia hau hét cc thanh vién ctia ho SRF
(sau trén bay) duoc ghi nhan sy c¢6 mit ciia nhidu
gbc Met (Hinh 1). Trudc ddy, Luo va cong tac vién
(2009) da chung minh vai troé cia Met trén protein
gitip chong lai bat loi 6xi hoa bang cach thay thé Met
v6i Norleucine (Luo and Levine, 2009). Nhur vay, két
qua cua nghién ctru nay da tim ra duogc 15 TF c6 su
tap trung nhiéu Met quanh ving bao thu, vi thé, cac

gbc Met nay c6 thé gitip phan tir protein dap tng lai
diéu kién ngoai canh bat lgi.

3.2. Phén tich dac tinh ly hoa cia TF giau Met &
diu twong

Dic tinh 1y héa cua protein, bao gom pl, I va
GRAVY dugc phan tich trén ExPASy Protparam
(Gasteiger ef al., 2003). Két qua da chi ra rang hau
hét cac TF, ngoai trir Glyma02g00980 (mét thanh
vién cua ho TF bHLH) c6 gia tri I 16n hon 40, cho
thiy ching khong 6n dinh trong diéu kién kiém tra
trong 6ng nghiém (Bang 2). Phan tich tir EXPASy
Protparam (Gasteiger ef al., 2003) ciing ghi nhan tat
ca cac TF ¢6 chi s6 GRAVY nho hon 0, suy ra 21
phan tir protein ndy déu ua nudc (Bang 2).

Bang 2. Dic tinh Iy hoa cua 3 nhém TF gidu Met duge tim thiy & dau twong

TT Ténprotein TF pl I GRAVY BQ TT Ténprotein TF pl II  GRAVY| BQ
01 O UIELE] 888 47,61 -0,55 PY Glyma02201600 5540 -0,66

02 Glyma02g009go 9,26 [N -0.10 13 Glyma05g28960 & 523 43,56 -0,64

03 9,14 5191 -0,69 - 14 Glyma08gl2170 © 524 2466 073
04 720 63,57 -0,51 15 9,76 4627 -047 -

05 Glyma04g04190 _ 684 6889 078 - 16 Glymallg26260 6,84 5554 0,65 -

06 Glyma05g19920 2 893 5230 -053 - 17 [CRAIIRERE 926 5712 -044 -

07 [T 663 5936 -072 - 18 [CROTIIPRURN & 937 5552 -042 -

0N Glymal0204890 [EERTARER I X SRR LY Glymal8g05930 5823 0,64 -

09 [ORIINEE] 863 4628  -0,58 O 913 5928 0,57 -

10 [ORENENEEN 603 6552 -0,82 O e 979 5534 044 -

592 62,84 -0,66

Ghi chii: TF: Nhén t6 phién md, pl: diém déng dién, II: chi 56 bat én dinh, GRAVY: do wa nueoc, BQ: bao quan,

C: luc lap, S: hé thong bao géi, M: ty thé.

Gia tri pl cua cac TF dao dong tir khoang 5,07
(tinh axit) dén 10,00 (tinh bazo) (Bang 2). Cac
protein c6 tinh axit phan bd trong té bao chét, trong
khi protein bam trén mang bao quan thuong co tinh
bazo. Két qua phan tich trén TargetP cho thiy 5 TF
duoc tim thiy & té bao chét, 2 TF cu tra & ty thé,
trong khi 1 TF phan bd trén hé thong bao gbi nodi
bao (Bang 2).

3.3. Phan tich biéu hién ciia gen mi héa nhén t6
phién ma giau Met ¢ dau twong trong cac diéu kién

Trong nghién ctru ndy, mirc d6 biéu hién cua
cac gen ma hoa 3 nhom TF ¢ dau tuong dugc phan
tich in silico dya trén dit liéu phién mi trong diéu
kién thuong (Libault et al., 2010) va khi xtr Iy man

(Belamkar et al., 2014). Biéu hién ctia mot gen trong
diéu kién thuong dugc chia [am bén muc do, dudi
ngudng phat hién, biéu hién, c6 xu huéng biéu hién
manh va biéu hién manh (Libault et al., 2010). Két
qua phan tich dugc minh hoa ¢ hinh 2.

Trong diéu kién thuong, phin 16n cic gen mi
hoa bHLH va bZIP c6 xu hudng biéu hién manh & it
nhat mot bo phan chinh, trong khi mic d¢ phién ma
ctia 7 gen ma hoa ho SRF & 9 miu md co quan dudi
ngudng phat hién (Hinh 2). Cu thé, Glymal3g19250,
Glyma03g32740, Glyma01g15930 va Glymallgl7120
c¢6 biéu hién manh ¢ hoa va 1a, nhung khong biéu
hién manh & cac co quan dudi dat, ching to 4 gen
nay co6 thé tham gia vao sinh truéng va phat trién
ctia hoa va 14 trong diéu kién thuong.
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Hinh 2. Mirc d6 biéu hién ciia gen ma hoa TF
giau Met trong cac di€u kién

bd et 173
el =

bang chu y, Glyma03g32740 va Glymal2g19250
c6 thé phan bd & ty thé (Bang 2), cac gen md hoa
2 TF nay biéu hién dic thu & hoa va 14 (Hinh 2),
goi v rang chung co thé lién quan dén dap tmg bt
lgi ¢ 14 hodc hoa. Bén canh do, gen ma hoa 2 thanh
vién clia nhém bZIP biéu hién ddc thu & tat ca cac
bd phan dudi mat dat, trong khi Glyma02g01600 co
mirc 46 phién m3 manh & tit ca mau mé (Hinh 2).
Két qua nay chung t6 Glyma02g01600 co6 thé dong
vai tro thiét yéu lién quan dén qua trinh sinh truéng
va phat trién cua cdy trong diéu kién thuong.

Trong stress man (Belamkar e al., 2014), két qua
da tim thay dir liéu ctia 10 gen, bao gébm 6 gen ma
héa bHLH, 3 gen ma hoa bZIP va 1 gen ma hoa SRF.
Trong do, 5 gen da dugc xac dinh c6 dap Gng phién
mi ting manh & 1é khi xtr Iy man (Hinh 2). Pic biét,
ho bZIP duogc ting cudng biéu hién ¢ ré trong diéu
kién thuong va khi xtr ly man (Hinh 2), ching t6 cac
gen nay c6 thé tham gia vao qué trinh dap ung bt
loi & ré. Trude do, khi xem xét dir liéu phién ma khi
xtr 1y 14 cay dau twong V6 va R2 trong diéu kién han,
Chu va cdng tac vién (2016) da chi ra ba gen c6 dap
tmg (Chu et al., 2016). Cu thé, Glyma01g15930 va
Glyma03g32740 bi giam biéu hién, Glyma20g22280
c6 mirc d§ phién ma ting & ca mau 14 khi xir Iy han
(Chu et al., 2016). Nhing két qua nay phu hop voi
nhan dinh vé vai tro cua gen Glyma03g32740 trong
dap tng bat loi ¢14.
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IV.KET LUAN VA PE NGHI

4.1. Két luan

Di xac dinh duoc 15 trén tong sd 21 protein
thudc ba ho TF c6 su tdp trung nhiéu Met quanh
ving bao thu, datra gia thuyét vé vai tro cua goc Met
trong viéc gitip phan tir protein dap tng bt loi.

Phan tich dic tinh Iy hoa cho thdy cac TF giau
Met déu wa nude, hau hét déu khong én dinh trong
diéu kién in vitro. Cac TF nay c6 thé cu tra trong té
bao chét, ty thé hodc trén cac hé thong bao géi trong
té bao.

Hau hét cac gen ma hoa bHLH va bZIP biéu hién
manh & it nhat mot bo phan chinh, trong khi SRF
hoat dong yéu trong diéu kién thuong. Trong diéu
kién man, mot sb thanh vién cua ho bHLH vaSRF
c6 dap ung o ré, trong khi cac gen ma héa bZIP déu
duoc ting cudng biéu hién o ré.

4.2. D¢ nghi

Nghién ctru nay sé& tiép tuc phén tich thuc nghiém
vé mirc d6 dap ung cua cac gen ma hoa TF trong
diéu kién bat 1gi & dau tuong.
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Analysis of the role of methionine residues
in the transcription factor families in soybean

Chu Duc Ha, Le Minh Tuan, Pham Phuong Thu, Pham Thi Ly Thu,
Pham Thi Xuan, La Viet Hong, Pham Xuan Hoi

Abstract

Methionine (Met) is considered as an important amino acid residue in the plant. The structural Met residues were
hypothesized to protect the structure of protein against the cellular oxidative stresses. In this study, 21 Met-rich proteins,
belonging to three transcription factor (TF) families, namely ‘Basic helix-loop-helix’ (bHLH), ‘Basic leucine zipper’ (bZIP)
and ‘Serum response factor’ (SRF), were analyzed to demonstrate this hypothesis. As a result, the high accumulation of
Met residues has been recorded in the upstream and downstream regions close to the conserved domains of 15 MRPs.
Our in silico analyses revealed that these TFs were hydrophilic and most unstable in the test tube. Interestingly, several
TFs might localize on the cytosol, mitochondrial or the secretory pathways. According to the public microarray database,
the majority of genes encoding TF bHLH and bZIP was up-regulated in at least one major organ in soybean plant
in the normal condition. By retrieving the previous RNA-Seq database, several genes encoding bHLH and SRF were
significantly altered, while all genes encoding bZIP were also induced in root under the high salt stress.

Keywords: Stress, soybean, Methionine, transcription factor, bioinformatics
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