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Tom tat:

Ciy cao su (Hevea brasiliensis) 13 loai cAy duy nhit dwoc trong dé sin xudt cao su ty nhién. Phuong phap thu hoach mii cao su
thong qua cao v6 6 tac dong gy ton thwong co hoc cho cdy. Ngoai ra, ciy cao su ¢6 thé dé bi sdu bénh tin cong qua vét thuong
& viing bi rach cao. Terpenoid 13 nhém hop chit thir cAp 6 vai tro quan trong trong twong téc giira thyuc vat va méi truong, dic
biét 1a trong phan @ng ciia cdy v6i didu kién stress. Sw da dang cuia terpenoid chii yéu dwgc quyét dinh béi cac enzyme thude ho
terpene synthase (TPS). Két qua phan tich dir liéu RNA-seq ciia H. brasiliensis cho thiy ¢6 nhiéu gen TPS hién dién ¢ loai nay
nhung chire nang cla chung van chua dwgce nghién ciru. Bai bao trinh bay két qua phan lap tir vé than cay cao su H. brasiliensis
RRIV 209 mot blen thé ban sao ciia gen TPS (ky hiéu HbTPS6L-XI). Thong qua két qua phan tich ciy tién héa, s hi¢n dién ciia
cac motif bao ton, vung trinh ty peptide tin hi¢u ciia protein va mirc do twong dong ve cau tric voi cac sesqulterpene synthase da
dwgc nghién ciru, HhTPS6L-X1 dugc dy doén thudc phan ho TPS-a, dinh vi trong té bao chit va xiic tac chuyén héa FPP thanh
cac sesquiterpene. Nhirng diic diém chire ning in silico nay 1a co s dé thiét ké cac khao sat thwe nghi¢m nham khing dinh chire

nang in planta cia HbTPS6L-X1.

Tir khoa: Hevea brasiliensis, phan ho TPS-a, terpene synthase, terpenoid.

Chi sé phin logi: 4.6
1. Dat van dé

Cay cao su H. brasiliensis la cdy cong nghiép nhi¢t doi lau
nim, duogc trong rong rai & Dong Nam A va 1a ngudn tong hop cao
su tw nhién chinh trén thé gi6i [1]. Cay cao su thuong xuyén bi cao
v6 trong qué trinh thu hoach mi va hé qua 14 cdy co thé phai chiu
thém nhiéu tac dong stress ngoai sinh khac nhu sy tin cong cua
ndm, vi khuan... thong qua vét cao ¢ than. Thyc vat n6i chung va
cdy cao su noi riéng c6 thé dap g vdi cac tac nhan stress bang
cach diéu hoa su biéu hién céc gen lién quan dén cac con duong
phong v¢, bao gom cd cac gen tham gia vao qua trinh sinh tong hop
mot s hop chat thir cap.

Terpenoid 1a nhom hop chat thir cép da dang vé mét hoa hoc va
dong vai tro quan trong trong cdc tuong tdc gilta thuc vat véi nhitng
tac dong sinh hoc va phi sinh hoc ciia moi truong xung quanh
chung. O thuc vt, terpenoid dugc hinh thanh tir nhitng don vi 5
nguyén tu carbon, isopentenyl diphosphate (IPP) va dimethylallyl
diphosphate (DMAPP), thong qua con duong 2-C-methyl-D-
erythritol-4-phosphate (MEP) dién ra & lap thé (plastid) hodc con
dudng mevalonate (MEV) dién ra ¢ té bao chét (cytosol) [2, 3]. Su
két hop dau-dudi (head-to-tail) giita IPP va DMAPP dudi sy xtc tac
cua cac enzyme cis-prenyltransferase hodc trans-prenyltransferase
tao ra cac hop chét trung gian cis- hodc trans-prenyl diphosphate
c6 s6 nguyén tir carbon 1a boi s ciia 5 nhu neryl diphosphate va
geranyl diphosphate (NPP va GPP, C10), farnesyl diphosphate
(EPP, C15), nerylneryl diphosphate va geranylgeranyl diphosphate
(NNPP va GGPP, C20)... [4]. Cac prenyl diphosphate nay dugc
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chuyén hoa thanh monoterpene, sesquiterpene va diterpene tuong
ung boi cac enzyme thudc ho (TPS).

TPS dugc phan thanh hai loai chinh: TPS loai I va TPS loai II,
tuy theo trinh ty motif bao ton hién dién trong cu trac va co ché
XUc tac cua protein. TPS loai I chita motif DDXXD trén mién o &
d4u C, trong khi TPS loai IT chira motif DXDD trén mién p & dau
N cua phan tu protein. Nhitng TPS c6 ca 2 motif giau aspartate
nay dugc xem 1a TPS c6 chuc nang kép (bifunctional TPS) [5].
Qua trinh sinh téng hop hemiterpene (C5), monoterpene (C10),
sesquiterpene (C15) va sesterterpene (C25) thuong chi bao gom
su tham gia cua TPS loai I vdi vai tro loai bé nhom diphosphate
dé tao ra chat trung gian mang dién tich duong (carbocation) [6].
Tuong ty, mot sd diterpene (C20) dugc tong hop tir geranylgeranyl
diphosphate (GGPP) hodc nerylneryl diphosphate (NNPP) chi
thong qua mot cht trung gian dang “carbocation” boi cic TPS
loai I [7-9]. Nguoc lai, mot 30 diterpene khac dugc téng hop thong
qua con dudng phirc tap hon, trong d6 TPS loai IT hodc mién chia
motif DDXD ciia TPS chire ning kép xtic tac qué trinh chuyén hoa
(GGPP) thanh chét trung gian prenyl diphosphate mang cau trac
vong doi, sau do TPS loai I hodc mién chira motif DDXXD cua
TPS chirc nang kép loai bo nhom diphosphate va hinh thanh chat
trung gian “carbocation” [10, 11].

Phan tich cdy tién hoa duya trén so sanh trinh tu cia cac gen/
protein TPS tir thyc vat da chia ho enzyme nay thanh 7 phéan
ho, véi nhitng TPS thudc cting mdt phan ho thuong c6 hoat tinh
xuc tac twong tu nhau: TPS-a (sesquiterpene synthase), TPS-b
(hemiterpene synthase va cc monoterpene synthase tong hop
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Abstract:

Hevea brasiliensis is the only tree species grown to produce natural
rubber. The method of harvesting latex by slicing a groove into
the bark of the tree mimics a mechanical wounding. In addition,
rubber trees could be frequently exposed to pest and pathogen
attacks through the scraped bark region. Terpenoids are a
group of specialised compounds that play an important role in
plant-environment interactions, especially in plant response to
stress factors. The diversity of terpenoids is mainly determined
by enzymes of the terpene synthase (TPS) family. Screening the
RNA-seq data of H. brasiliensis revealed the presence of many
putative TPS genes expressed in the bark tissues of rubber trees;
however, their function has not been studied. This paper presents
the identification of a TPS gene transcript variant (designated as
HbTPS6L-XI) from the bark tissues of H. brasiliensis RRIV 209.
Through the analysis of the phylogenetic tree, the presence of
conserved motifs, and the signal peptide sequence region of the
protein, as well as structural homology to known sesquiterpene
synthases from other plants, HbTPS6L-X1 was predicted to
belong to the TPS-a subfamily, be localised in the cytoplasm
and catalyse the conversion of farnesyl diphosphate (FPP) to
sesquiterpenes. These in silico functional characteristics are the
basis for designing experiments to confirm the in planta biological
function of HbTPS6L-X1 protein.

Keywords: Hevea brasiliensis, terpene synthase, terpenoids, TPS-a
subfamily.

Classification number: 4.6

monoterpene vong), TPS-c (copalyl diphosphate synthase va ent-
kaurene synthase), TPS-d (cac terpene synthase dic trung cho
thuc vat hat tr'?m), TPS-e/f (ent-kaurene synthase va cac diterpene
synthase khac, ciing mot sé monoterpene synthase va sesquiterpene
synthase), TPS-g (c4c monoterpene synthase tong hop monoterpene
dang mach h¢ hodc nhanh) va TPS-h (cic terpene synthase déc
trung cho nhom cay khong hat Selaginella) [5].
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Khi nghién ctru k¥ cau tric cua TPS, cac nha khoa hoc d xéc
dinh duoc mot $6 motif quan trong ddi véi hoat dong xtic tac cla
enzyme [7]. Trong truong hgp cua cac sesquiterpene synthase
(STS), ngoai motif giau aspartate DDXXD dic trung cua TPS
loai I, cdc STS con c6 cac motif bao ton khac tham gia vao phan
ung xuc tac nhu NSE/DTE va RXR [12-14]. Phén ky nuée (chudi
alkyl) cua co chit FPP duoc huéng vao khoang tim hoat dong.
Phan wa nu6e (nhém diphosphate) cia FPP duoc ¢b dinh giita
motif RXR va cdc ion kim loai hoa tri I Mg2+ hodc Mn2+, nhiing
cofactor nay dugc neo boi hai motif DDXXD va NSE/DTE ¢ 16i
vao tAm hoat dong. Goc Asp (D) thir nht cing véi Asp cudi cling
ctia motif DDXXD lién két voi 2 nguyén tir Mg2-+, trong khi bg ba
Asn (N) - Ser (S) - Glu (E) hoac Asp (D) - Thr (T) - Glu (E) cta
motif NSE/DTE lién két voi nguyén tir Mg2+ con lai. 3 nguyén tir
Mg2+ va 2 gbe Arg (R) bao ton ciia motif RXR ¢b dinh co chét
FPP trong tim hoat dong ctia STS [15]. Motif RXR dugc tim thiy
& cach motif DDXXD khodng 35 axit amin vé phia dau N. N dinh
vi trén mot vong cé cdu tric linh hoat nhung ciu tric vong ndy tro
nén trat ty va on dinh hon khi enzyme gan véi co chat [14]. 2 gbc
Arg (R) trong motif RXR dugc cho 1a tham gia tao phirc v6i nhom
diphosphate tich ra sau budc ion héa co chat FPP va hudng nd
ra khoi tai ky nudc - noi “carbocation” tiép tuc trai qua qua trinh
déng vong hodc sip xép lai cdu tric dé tao thanh céc san phim
sesquiterpene [14].

Hién nay, cac dit liéu trinh tu by gen (genome) va hé gen biéu
hién (transcriptome) ctia mot s6 dong cao su H. brasiliensis da
duoc cong bb va ngdy cang duoc hoan thién, mang lai nhiéu thuan
loi cho viée phat hién va nghién ctru chire nang cac gen lién quan
dén qué trinh chuyén hoa cac hop chit thir cp, trong do c6 cac gen
TPS. Phan tich dit li¢u trinh tu bd gen va hé gen biéu hién cua H.
brasiliensis RRIM 600 (http://matsui-lab.riken.jp/rubber/search.
html) [16] cho thdy c6 nhiéu gen TPS hién dién & vo than cay cao
su nhung chitc ning cua cdc gen ndy van chua dugc nghién ciu
va cong bo.

Trong nghién ctru nay, chung t61 phén 1ap tr vo than cdy cao
su H. brasiliensis RRIV 209 mot bién thé ban sao cta gen TPS (ky
hi¢u HbTPS6L-X1). HbTPS6L-X1 twong tng véi "hit" trinh tu c6
mi sb Hb_001271_040 trong co so dit liu trinh t bd gen va hé gen
biéu hién cta H. brasiliensis. Dya trén trinh tw HbTPS6L-X1 da
phan 1ap, nhém nghién ctru du doan mot sb dic diém chire nang ciia
protein duoc mi hoa boi gen nay, bao gdm vi tri dinh vi trong té bao
va hoat tinh xuc tac, thong qua phan tich phan ho TPS, xac dinh sy
hién dién cua céc motif bao ton, du doan vung trinh ty peptide tin
hiéu cua protein va mitc do twong ddng trong cdu tric khong gian
cua nd so voi cac sesquiterpene synthase da nghién ctru.

2. Déi tuong va phuong phap nghién ciu
2.1. Poi twong

Céy cao su H. brasiliensis RRIV 209 dugc trong tai Vién
Nghién ctru Cao su Viét Nam (huyén Bau Bang, tinh Binh Duong,
Vi¢t Nam).



2.2. Phin lgp trinh tw bién thé bin sao HbTPS6L-X1

Trinh tw ma hoa protein HbTPS6L-X1 dugc phan Iap bing PCR
v6i khudn 13 cDNA chuan bi tir md v6 than cy cao su H. brasiliensis
va cdp mdi cho phép nhan ban dic hiéu ca 2 trinh ty ban sao du
doan cta gen. Moi xudi HbTPS6L-F va moi nguge HbTPS6L-R
lan lugt ¢6 trinh ty 1a: 5’-ATGGAAGTGCAACCTCATTTAC-3’
va 5- GGGAAAGACATATATACGAAACTCAT-3’. PCR dugc
thuc hién dudi sy xac tac cia Phusion DNA Polymerase (Thermo
Scientific) v6i chu trinh nhiét nhu sau: 98°C/30 giay; 38 x (98°C/10
gidy, 58°C/30 gidy, 72°C/90 gidy); 72°C/10 phut; 4°C/o0. San pham
ctia phan tmg PCR duogc dién di song song véi thang chudn DNA
trén gel agarose 1%, sau d6 dugc tinh sach tir gel bang bg kit EZ-10
Spin column DNA gel Extraction (Thermo Scientific) theo hudng
dan ciia nha san xuat.

2.3. Tao dong HbTPS6L-X1 vao vector pJETI.2/blunt

San pham PCR dic hidu (HbTPS6L-X1) dugc chén vao vector
pJET1.2/blunt thong qua phan tmg ndi. San pham ndi duoc bién
nap vao té bao E. coli TOP10 kha nap. Sau d6, sin pham bién nap
dugce trai trén dia LB c6 chira khang sinh ampicillin 100 pg/ml
va U ¢ 37°C trong 14-16 gid. Cac thé bién nap moc trén dia moi
trudng LB b sung ampicillin dugc sang loc bing PCR khuén lac
v6i moi HTPS6L-R bt cap dic hiéu voi gen va moi pJET1.2-F
(5’-CGACTCACTATAGGGAGAGCGGC-3") bit cip dic hidu voi
vector. Khuan lac don ctia dong té bao E. coli TOP10 cho két qua
sang loc duong tinh dugc nudi nhan sinh khéi dé tach chiét plasmid.
Trinh ty phan lap da dong hoa dugc giai ma va duoc so sanh véi trinh
tu du doan ban d4u bang cac phan mém tin-sinh hoc chuyén dung
nhu: ClustalW, Blast...

2.4. Phén tich trinh tw ciia HhTPS6L-X1
2.4.1. Dy doan phan ho ciia HhTPS6L-X1

Pé x4c dinh phan ho cua protein HhTPS6L-X1, trinh tu axit amin
ctua HbTPS6L-X1 dugc so sanh vdi cac trinh tu protein TPS dai dién
cho 5 phan ho TPS khac nhau cua ca chua Solanum lycopersicum -
loai thyc vét duy nhét c6 toan bo hé gen TPS di duoc phan lap va
khao sat chirc ning [8, 17, 18]. Cu thé, cac trinh ty TPS tham chiéu
dugc st dung cho phan tich phan ho bao gdm SITPS12 va SITPS31
(TPS-a), SITPS3 va SITPS27 (TPS-b), SITPS40 va SITPS41
(TPS-c), SITPS37 va SITPS39 (TPS-g), SITPS20 va SITPS24 (TPS-
e/f). Cy pha hé duoc thiét 1ap thong qua bd cong cu phan tich ETE3
v3.1.2 (http//www.genome.jp/tools/ete/) [19], trong d6 cac trinh ty
duoc giong cot boi phan mém MUSCLE v3.8.31 [20] va cdy pha hé
duoc dung boi phan mém IQ-TREE 1.5.5 [21].

2.4.2. Dy doan viing trinh tu peptide tin hi¢u (transit peptide)

Vung trinh ty “transit peptide” cia HbTPS6L-X1 duge du doan
bang 2 phuong phap khac nhau. Phuong phap thir nhét dya trén phan
tich két qué sip giong cot trinh ty protein nay voi nhimg TPS thudc
cung phan ho va c6 ving “transit peptide” da duogc xac dinh. Phuong
phap thir hai dya trén két qua du dodn trinh tu peptide van chuyén
dau N cua protein bi chuong trinh TargetP 2.0 [22].
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2.4.3. M6 hinh héa tiong dong cdu triic protein

M& hinh cdu trac ciia HBTPS6L-X1 duoc du doan boi AlphaFold
2 [23, 24]. Interpro dugc su dung dé du doan cac mién bao ton co
thé ¢6 trong cdu tric ciia protein [25]. Sw chong lap cu trac dy doan
ctia HbTPS6L-X1 véi cdu triic mau 5-epi-aristolochene synthase
(NtEAS4) (PDB id: SEAT) duoc thuc hién thong qua chuong trinh
ChimeraX [26]. Cau triic mau (template) duoc chon tir thu vién cu
tric PDB dua trén két qua danh gia boi chuong trinh phan tich xau
chudi (threading) LOMETS [27]. Gia tri can bac hai cta do Iéch binh
phuong trung binh (Root Mean Square Deviation, RMSD) giita cu
tric nghién ctru (HbTPS6L-X1) va cdu triic mau (NtEAS4) duoc tinh
theo toa d6 ctia nguyén tir Ca boi ChimeraX.

3. Két qua va ban luan

3.1. Phan tich in silico sy hi¢n di¢n ciia trinh tw ma hoa terpene
synthase 6 (HbTPS6L CDS) ¢ cdy cao su H. brasiliensis

“Hb_ 001271 040”1a mot trong nhiing “hit” trinh ty ma hoa terpene
synthase gia dinh dugc ghi nhan tir két qua tra ctru thong tin bo gen
cao su H. brasiliensis RRIM 600 (http://matsui-lab.riken.jp/rubber/
search.html) véi tir khoa “terpene synthase” va “terpene cyclase”. Két
qua BLAST co so dit li€u “nucleotide collection” ciia NCBI voi trinh
tur truy van “Hb 001271 040” cho thiy xuét hién dau tién trong danh
sach céc “hit” co mirc do twong dong cao véi “Hb 001271 040”14 2
bién thé ban sao ciia gen voi chu giai chirc ning dw doan 1a “Hevea
brasiliensis probable terpene synthase 6” (E-value = 0). Hai bién thé
nay ¢6 ma so truy cap lan lugt 1a XM _021794026.1 (HbTPS6L-X1_
insilico) va XM_021794027.1 (HbTPS6L-X2 _insilico).

bé phan 18p CDS HbTPS6 dua trén trinh tu nucleotide cua 2 bién
thé dy doan, mdi xudi HbTPS6L-F duoc thiét ké bt cip bd sung véi
vung trinh ty ¢6 chira codon m& dau ciia gen HhTPS6L va mdi nguoc
HbTPS6L-R bit cip bo sung voi ving 3°UTR ciia gen (hinh 1). Két
qua kiém tra tinh dc hiéu cia moi bang chuong trinh Primer-BLAST
cho théy, cap mdi da chon bét cap bd sung vdi ca 2 trinh tu bién thé
HbTPS6L-X1_insilico va HhTPS6L-X2_insilico. San pham nhan ban
duoc du doan ¢ kich thude 1an luot 13 1707 (HbTPS6L-X1 insilico)
va 1458 bp (HbTPS6L-X2 _insilico).

>XM_021794026.1 PREDICTED: Hevea brasiliensis probable terpene synthase 6
(LOC110642084), transcript variant X1, mRNA
TTCCAAGCATTTGGACAAAGTATACAAGCACCTARGT TACGTGCTATACTTCTCCTTCCTTTTCCTCCTG
HbTPS6L-F

GCGAAAAATGGAAGTGCAACCTCATTTARAGCCAAACACTGACCAAACCAAAATTCGCTCAGTGTTCCCT
CCTCCTGTGTGGGATTCTTACAGCTTTACTTCTTTTTCTTTGCTGGACTCAGAATATGAATCGTGGACTA
GACGGGTGGAAACGCTCAAAGAAAAGGTCAAAGACATGTTAATGGCTGATGCAAGTAATCCGATCAAGAA
AATTGAATTGATTAACTTATTATGCCGTCTTGGTTTATCATATCATTTTGAGAGGGAAATTGAAGAACAA
TTAATTCATATTTTTAATTGGGTTCCTCAACTCTTTGATGAAAATGATTATGATCTCTACACTACAGCTC
TCCTTTTTCAAGTCTTGAGACAACACGGATTCARRATGACTTGTGATGTGT TCAAGAAATTCAAGGACAG
CAATGGAGAGTTCAAGAAGAGCATCATCARAGATGTGAGAGGCATTCTCAGCTTGTATGAAGCAAGTTTT
ATGAGIGTGCATGGAGAAGATATTCTCGATGAAGCTCTTGAATTTACAAGG TCACACCTGGAGTCATTGG
CTATGCAATCAAAACCCCATTATTCTGAACGTATAAAGAATGCTCTGATCCTTCCGTTTCACAAGGGAGT
ACCCAGAGTAGAGGCTTGGCAATACATCTCTTTCTATGAAAAAGAAGAATCTCCAAATGAATTCCTACTC
GAATTTGCAAAATTAGATTTCAATCGAGTGCAATTATTGCAGAGAGAGGAGCTCAAGGTGATGGCAAGGT
GGTGGAAAGACTTAARATCTTGCAGAGAAACTTCCCTATGCAAGAGACAGACTTGTGGARATCTATTTCTG
GGCGTGTTCCATTCAGT TTGAGCCTCAACTTGCTCTTTCAAGGATGATGATGGCCAAGTATTTGAARATG
ATATCACTAGCTGATGACACATACGATGCATATGCTAARATGAAGGAAGTCAATGCCTTCACAGATGCTA
TCGAGAGGTGCACTATTGATGCTACTGACGAACTGCCAGATTACATGAAAGTTTTCTACAAGGAATTACT
GAATGTTTTTGAGGAAACAGAGAATATTGCGAGTAAGGAAGGAAGATCCTACTGTGCCTATTACGTAAAA
GAAGAATTTAAAAACTTGTTGAGATCCTATCGCATGGAGGCACAGTGGTTTAATGAAGGGTATGTGCCAA
CATTTGATGTGTATTTGCAAAATGGTTCTGAGTCAAGCGGCTATAGCTTAGTTGTAGCAGCAGGCTTTAT
TGGAATGGAAAAGATTGCAGGGATCAAAGAATATCAGTGGCTTCAAAGTAACCCAAAAATTGTCAAAGCT

CTTCATCGGTAGAGTGCTACATGAAAGAACATGATGTTTTAGAGAAGAAGGCTGTGGAAGAGATTCTTAA
AATTTGTGCAAATGCATGGAAGGACATCAACGAAGAATGCATGAAGCCAACTGCTCTGCCAAGTCCTATT
CTCCAATTGTTGGTTAACCTTGCTCGAATAACAGAGGTTTTTTACAGATTTGACGACTCCTACACCAACC
CATCAAGTCTGAAAGATAAAATTACAGCATTGCTTCTGGAGCCACTTCCTTTGCAAGACCAAGTTAATAT
ATAATACGERTGAGTTTCGTATATATGTCTTTCCCCTGCTTGGCTTGGATTGTCCCTGTGCCGGARAGGCA
HbTPS6L-R

AGAATAAATAGTGTGCTTTGCTTTGCTATATATCAGTTGTTGTAAAATAAAACAAATGATCGAGAGGCCA
AACACTATGTGTCATCTCTCTCTGCATCTTAATTATGAATAATTAAGGTGCTATGCTTTGTAATTTGATA
ATGTGTGCAATTTTATGTTTCTTAAAAAAAAAAATATGTGAATAGATGATA

Hinh 1. Vi tri bat cip bd sung cta mdi xudi HbTPS6L-F va méi ngwoc HbTPS6L-R
trén trinh tw ban sao dw doan HbTPS6L-X1_insilico va HbTPS6L-X2_insilico.
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Phén duoc in dam tuwong tng vi tri codon mé dau va codon
két thuc. Miii tén chi vi tri bat cip cta moi xudi (HbTPS6L-F)
va mdi nguge (HbTPS6L-R). Poan phia trude codon mé dau va
phia sau codon két thic 1an lugt twong Gmg véi ving 5° UTR va
3’UTR. Boan dugc gach dudi twong tng vdi vung trinh ty chi ¢o
0 HbTPS6L-X1 _insilico nhung khong c6 & HbTPS6L-X2 _insilico.

3.2. Két qua phén lip trinh tw ma héa HbTPS6L (CDS
HbTPS6L)

PCR nhan ban vung trinh ty ma hoéa cua gen HhTPS6L duge
thue hién voi khudn 1a cDNA chudn bj tir mé vo cua cdy cao su H.
brasiliensis va cap moi HhTPS6L-F va HhTPS6L-R. Két qua dién
di san phdm PCR (hinh 2) cho thy, & giéng 3 xut hién mot vach
bang c6 kich thudc ¢ khoang gitta vach 1500 va 2000 bp so vdi
thang chuan DNA 1 kb, phit hop véi kich thudc du doan ciia phan
doan HbTPS6L-X1_insilico (1707 bp), con ddi chimg am khong
xuét hién vach bang trong ty (hinh 2, giéng 1).

2000 bp

1500 by 1707 bp

Hinh 2. Két qua dién di san phdm cta PCR véi cap méi HbTPS6L-F va
HbTPS6L-R. 1: déi chirng am khong bd sung khuén cDNA; 2: thang DNA
chuan 1 kb; 3: san phdm ctia phan (ng PCR v6i khuon cDNA tir md vé than
cay cao su H. brasiliensis.

2000 bp

1769 bp
1500 bp

Hinh 3. Két qua sang loc dong té bao E. coli TOP10/pJET1.2/blunt-
HbTPS6L bang PCR k'huén lac. 1: thang chudn DNA 1kb; 2: san pham PCR
khuan lac cla dong té bao E. coli TOP10/ pJET1.2/blunt-HbTPS6L; 3: doi
chirng am.

San phém PCR ddc hi¢u (du doan 1a phan doan HhTPS6L-XT)
duoc tinh sach va chén vao vector pJET1.2/blunt. Két qua sang loc
bing PCR khuén lac dong té bao E. coli TOP10 nghi ngy mang
plasmid pJET1.2/blunt-HbTPS6L-X1 dugc md ta ¢ hinh 3. Giéng
2 xuat hién mot vach bing twong tng v6i san phim nhan ban 1769
bp trong truong hop plasmid c6 mang doan chén HhTPS6L-X1.
O giéng 3, d6i chimg am khong xuat hién vach bing twong ty.
Két qua nay cho thiy, khudn lac don duoc st dung trong PCR
c6 thé 13 ctia dong té bao E. coli TOP10 chira plasmid pJET1.2/
blunt-HbTPS6L-X1. Vi vay, khuan lac nay dugc nuodi nhan sinh
khdi dé tach chiét plasmid. Plasmid duoc giri giai trinh ty véi cip
moi pJET1.2-F va pJET1.2-R nham xac dinh trinh tu ctia doan gen
duoc cheén.
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Khi BLAST co s¢ dir liéu “nucleotide collection” ctia NCBI
voi trinh ty HhTPS6L-X1 duge phan 1ap, chiing toi ghi nhén trinh
tw ¢6 mé s6 truy cap P(HbTPS6L-XI_insilico) xuat hién dau tién
trong danh sach céc trinh ty trong dong véi trinh tw truy van, voi
ty 1¢ phan trim trinh ty giong nhau 13 98,63% (phy lyc 1). Trinh
tw HbTPS6L-X1 phan lap tir H. brasiliensis RRIV 209 sai khac 23
nucleotide so voi trinh tur bién thé du doan XM _021794026.1 tir
H. brasiliensis Reyan7-33-97. Su sai khic nay co thé da phan anh
bién di di truyén giira 2 dong cao su. Bén canh do, kha nang co 16i
phét sinh lién quan dén qué trinh giai va lp rap trinh tu bo gen cay
cao su ciling khong dugc loai trir.

3.3. HbTPS6L-XI thugc phin hg TPS-a va dwgc dy dodn
dinh vi trong té bao chat

Mot sb dic diém chirc ning ciia protein TPS ¢ thé dwgc du
doén thong qua phan tich trinh ty ctia ching. Két qua phan tich cay
tién hoa dua trén so sanh trinh tu axit amin ctia protein ma hoa bai
HbTPS6L-X1 véi céc trinh ty TPS thude 5 phan ho TPS khac nhau
¢ thuc vat hat kin (vdi ca chua Solanum lycopersicum 1a dai dién
6 toan by hé gen TPS da dugce nghién ctru chirc ndng) cho théy,
HbTPS6L-X1 ¢ mirc d bao thu trinh tu cao nhit véi cac terpene
synthase thudc phan ho TPS-a: SITPS12 (39.22%), SITPS28
(42,67%), SITPS31 (43,47%) va SITPS36 (43.92%) (hinh 4). Cac
TPS trong phan hg TPS-a thuong c6 hoat tinh xtic tac chinh la
sesquiterpene synthase [5].

100 SITPS12
76 SITPS36
100 SITPS28
99 SITPS31

TPS-a

. L @ HbTPSEL
100 SITPS27
SITPS25
100 % SITPS5 TPS-b
100 SITPS3
[— SITPS37

TPS-

— 100 L siTPs39 } 9
e LI

100 TPS-c

L siTPs40
100 SITPS20
96 SITPS24 TPS-e/f

—_—

0,50

Hinh 4. Cay tién héa dworc thiét 1ap dwa trén so sanh cac trinh tw axit amin
cta HbTPS6L-X1 véi cac trinh tw TPS dai dién cho cac phan ho TPS khac
nhau & thwe vat hat kin. Phan tich tién héa dwoc thuc hién theo phwong
phap Maximum Likelihood dwa trén 14 trinh tw SITPS cla ca chua Solanum
lycopersicum va trinh tw HbTPS6L-X1 dwoc phan 1ap tir vé than cay cao su H.
brasiliensis. Cac sb & cac nhanh cay thé hién chi s6 bootstrap dwoc phan tich
tlr 1000 Ian 13p lai. Ma sb truy cap cla céc trinh tw SITPS nhw sau: SITPS3
(G1JUH1), SITPS5 (Q1XBUS5), SITPS12 (D5KXD2), SITPS20 (C1K5M3),
SITPS24 (NP_001307929.1), SITPS25 (G5CV49), SITPS27 (G5CV48),
SITPS28 (G5CV47), SITPS31 (G5CV46), SITPS36 (G5CV42), SITPS37
(G5CV41), SITPS39 (NP_001306121.1), SITPS40 (G5CV38), SITPS41
(XP_010324500.1).

Két qua sip giong cot trinh tu protein HbTPS6L-X1 voi cac
trinh tu TPS thudc phan ho TPS-a ¢ nhiing loai thuc vat khac cho
thay, HbTPS6L-X1 ¢6 dit 3 motif chirc ning DDXXD, NSE/DTE
va RXR cua TPS loai I (hinh 5) [5]. Cac motif DDXXD va NSE/
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DTE thuong dinh bi trén 2 xoan a déi dién nhau ¢ 161 vao tim hoat
dong ciia TPS loai I va lién két voi cac dong yéu to (Mg hodc Mn?*)
dé ho trg ion hoa co chat prenyl diphosphate thanh “carbocation”
- chat trung gian mang dién tich duong trong phan (g tong hop
terpene [12, 13, 28]. Motif NSE/DTE thudng it dugc bao ton hon
voi trinh ty “consensus” 1a (L,V)(V,L,A)(N,D)D(L,I,V)X(S,T)
XXXE [29] va motif nay hién dién trong HbTPS6L-X1 véi trinh
tu 1a LEN450DIVS454HQAEA458. Ngoai ra, motif giadu arginine
RXR nam cach motif DDXXD 33 axit amin vé phia dau N ciing
c6 mat trong trinh tu protein HbTPS6L-X1 (hinh 5). Déng luu y,
HbTPS6L-X1 khong chira R(R)X W - motif tham gia trong qua
trinh dong phan hoa tao cac san pham terpene mach vong [30]. Vi
vay, HbTPS6L-X1 dugc du doan la mot sesquiterpene synthase
v6i kha ning xiic tac tao san pham sesquiterpene mach ho.

AtT2S12
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Hinh 5. Két qua sap giong cét trinh tw protein HbTPS6L-X1 va cac trinh tw
TPS thudc phan ho TPS-a.

Hau hét cac TPS thude phan ho TPS-a khong chira doan
peptide tin hiéu & ddu N va ching thuong dinh vi & t& bao chat,
trlr mot s it truong hop ngoai 1¢ nhu SITPS36 [18]. Nhing TPS-a
khong co peptide tin hiéu ¢ dau N thuong chi chira mot Met cich
motif bao ton R(R)X W khong qua 18 axit amin vé phia ddu N, con
cac TPS-a co pept1de tin hi¢u s& chira thém ving trinh ty bét dau
voi Met ¢ trude Met vira néu [17].

Két qua sdp giong cot trinh ty ¢ hinh 5 cho thiy, HbTPS6L-X1
chi ¢6 mdt Met mg dau cach chudi trinh ty can chinh (align)
v6i motif R(R)X8W 14 axit amin v& phia diu N. Bén canh do,
trinh tu protein HbTPS6L-X1 ¢6 chidu dai twong duong véi cic
protein TPS-a khong c6 ving peptide tin hiéu & dau N (AtTPS12
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[31], AtTPS13 [31], GhDCS1 [32], SITPS12 [17], SITPS28
[18], SITPS31 [17], VvValCS [33], ZmTPSS [34] va ZSS1 [35]).
Chuong trinh TargetP 2.0 [22] ciing cho ra két qua du doén twong
tu. Tong hop cac két qua phén tich trinh tw, HbTPS6L-X1 duoc
du doan khong chira peptide tin hiéu & dau N va dinh vi ¢ té bao
chat - noi qué trinh sinh téng hop farnesyl diphosphate (FPP) xdy
ra. Du dodn nay ciing phu hgp v6i nhan dinh rﬁng HbTPS6L-X1,
mot thanh vién cua phan hg TPS-a, c6 thé hoat dong nhu mot
sesquiterpene synthase, gitip chuyén hoa FPP hién dién trong té
bao chat thanh céc sesquiterpene mach ho.

3.4. HbTPS6L-X1 cé mé hinh ciu triic dw dodn twong dong
chdt ché voi cac STS di xac dinh

Do cdu tric protein thuong dugc bao ton hon so v6i trinh tir
ctia no, sy chong lap céu tric protein (superimposition) cho phep
danh gid muc do tuong dong v cau trac va chirc ndng giira protein
nghién clru vadi protein co cau tric va chiric nang da duge xac dinh
bang thuc nghiém. Duya trén dir liéu dau vao 13 trinh tw cu tric
bac mot ciia HBTPS6L-X1 va cac phan tir protein twong dong da
duoc giai ma cu tric, phan mém AlphaFold 2 dy doan mé hinh
céu triic cia HBTPS6L-X1 va hién thi cAu tric nay theo do tin cay
pLDDT cho ting axit amin trong chu01 (hinh 6). Két qua cho thay,
ngoai trir doan ¢6 cau triic xodn ngau nhién chira 20 axit amin dau
tién & dau N va doan chira 6 axit amin cudi cing & dau C ¢6 gia
tri pLDDT<50, cac axit amin ¢ phﬁn con lai ciia cdu trac déu co
pLDDL >70, vi tri cua céc axit amin d6 trong céu triic dy dodn co
d6 tin cdy cao.

(A) (A)
= pLDDT>90 o~

90 > pLDDT > 70
70 > pLDDT > 50
s pLDDT < 50

Hinh 6. M6 hinh c4u tric dw doan b&i AlphaFold 2 ctia HbTPS6L-X1. (A)
Céu tric du doan clia HbTPSBL-X1 dwoc hién thj theo do tin cay pLDDT cho
tirng axit amin trong chudi. Day mau bién thién tir xanh dén dé twong tng véi
do tin cay rat cao (pLDDT>90), cao (90>pLDDT>70), thap (70>pLDDT>50) va
rat thap (pLDDT<50) (B), C4u trac ctia HbTPSBL-X1 vai cac motif bao ton dic
trwng va cac mlen chirc nang dwoc dy doan béi Interpro: mién B dau N (mau
xanh khoi), mién a dau C (mau xanh 14) chiva cac motif DDXXD (mau vang),
NSE/DTE (méau dd) va RXR (mau hdng).

Két /qua phan tich sy hién dién cac mién (domain) co thé c6
trong ciu tric protein bang Interpro [25] cho thay, HbTPS6L-X1
chira mot mién cau tric & dau N (axit amin 37-200) (Interpro:
IPR001906) va mot mién & dau C (axit amin 227-550) (Interpro:
IPR034741) (hinh 6). Dy doan nay phi hop véi dic diém chung
ciia da s céc terpene synthase véi cdu triic bao gdm céc xodn o va
duogc t chtre thanh 2 mién: mién o & dau C chia tim hoat dong
vamién p & ddu N.
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Theo chuong trinh phan tich xau chudi (threading) LOMETS
[27] 5-epi-aristolochene synthase tir cay thudc 14 (NtEAS4) ¢6 cau
tric dimg dau trong danh sach cac mau cau tric duoc chon 1am khudn
(template) dé md hinh hoa cdu tric du doan ciia HhTPS6L-X1. Méau
NtEAS4 dugc chon (PDB id: SEAT) ¢6 cdu hinh tim hoat dong
dong bao ly Mg (cofactor) va farnesyl hydroxyphosphonate -
hop chat tuong dong vé cu tric voi co chat FPP. NtEAS4 c6 trinh
tu twong dong 64% voi HHTPS6L-X1 (hinh 5) va thudc phan ho
TPS-a v6i kha ning chuyén hoa FPP thanh (+)-5-epi-aristolochene
(sesquiterpene) [36].

Su chdng lap md hinh cu trac dy doan boi AlphaFold 2 ciia
HbTPS6L-X1 v6i khudn S-epi-aristolochene synthase (NtEAS4)
(PDB id: 5EAT) bang ChimeraX cho gia tri cin bac hai cia do léch
binh phuong trung binh (Root Mean Square Deviation, RMSD) tinh
theo toa d cua nguyén tr C_la 1,388 A. Gia tri RMSD nay nho hon
giatri khuyén nghi [37] va phan anh mirc d¢ tuong dong cao giira hai
cau triic dugc chong lap (hinh 7A).

(A)

Hinh 7. HbTPS6L-X1 c6 mé hinh cau tric dw doan twong déng chit ché
véi 5-epi-aristolochene synthase (PDB id: 5EAT). (A) Sw chdng l4p mo hinh
cAu tric dy doan bdi AlphaFold clia HbTPSBL-X1 (mau xanh dwong dam) va
cAu tric clia 5-epi-aristolochene synthase (mau nau nhat) khi gan véi faresyl
hydroxyphosphonate - hop chét cé céu tric twong ddng véi co chat FPP (mau
hdng) (PDB id: 5EAT) théng qua phin m&m ChimeraX. Gia tri RMSD tinh theo
toa do cla nguyén t& C_ 1a 1,388 A: (B) Hinh phong dai viing tam hoat dong dé
hién thi ré cac axit amin thiét yéu thudc motif DDXXD, NSE/DTE va RXR tham gia
vao hoat ddng xuc tac cla hai enzyme. Hinh tron mau xanh I cay va xanh dwong
nhat Ian Iugt mé phang Mg? (cofactor) va H,0.

Khi quan sat k¥ vung tam hoat dong cta hai protein trong mo
hinh chong lap (hinh 7B), ¢6 thé thay céc axit amin tryc tiép tham gia
vao hoat dong xtic tac thugc 3 motif bao ton (DDXXD, NSE/DTE va
RXR cua HbTPS6L-X1) dinh vi chong 1ap hodc st véi cac axit amin
da dugc chiing minh c6 vai tro thiét yéu voi hoat tinh xtc tac cua
STS noi chung va NtEAS4 ndi riéng. Cu thé, Asp*® va Asp®'® trong
motif D**DTYD?" cia HbTPS6L-X1 ¢6 mét ¢ cung vi tri voi Asp™!
va Asp®® trong motif (D¥'DTFD*®) cua NtEAS4, ¢ vai tro lién két
voi Mg?". Tuong tu, 6 motif NSE/DTE, bd ba Asn** - Ser** - Glu**®
(N#OS#4E*8) ctia HhTPS6L-X1 gan nhu chong lap véi b ba Asp*™ -
Thr*® - Glu*? (D*¥T*¥E*?) ctia NtEAS4 - chung tao lién két phoi tri
voi ion Mg? con lai (hinh 7B). Ngoai ra, Arg?® (motif R*DR) ctia
HbTPS6L-X1 cling dinh vi chong lap hoan toan v&i Arg?* (motif
R**DR) ctia protein mau, va cung vdi cac Mg dugc neo gilt boi
hai motif DDXXD va NSE/DTE ¢6 dinh co chat FPP trong tdm hoat
dong cta enzyme va tao di€u kién cho hoat dong xtc tac dién ra.
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4. Két luan

Bién thé ban sao HbTPS6L-XI phan lap tir vo than cia cdy
cao su H. brasiliensis RRIV 209 c6 kich thudc 1677 bp va ma hoa
chudi polypeptide dai 558 axit amin. Protein HbTPS6L-X1 chira
du 3 motif chitc nang ctua TPS loai I [a DDXXD, NSE/DTE va
RXR. Cac phan tich in silico cho thdy, HBTPS6L-X1 thudc phan
ho TPS-a, khong chira trinh ty ma hoa peptide tin hiéu ¢ diu N va
khong chira motif R(R)X,W tham gia trong qua trinh ddng phan
héa tao cic san pham terpene mach vong. Ciu tric dy dodn boi
AlphaFold 2 ciia HbTPS6L-X1 chdng lap vdi cdu truc cua 5-epi-
aristolochene synthase (PDB id: SEAT) (la mot STS) - voi gia tri
RMSD phan nh mirc d¢ twong dong cao giita 2 cAu trac dugc chong
ldp (1,388 A). Nhitng dir lidu phan tich in silico déu ung ho kha
nang HbTPS6L-X1 la mot sesquiterpene synthase dinh vi trong té
bao chat, xic tac chuyén hoa FPP thanh céc sesquiterpene mach ho.
Nhitng dic diém chic ning in silico vira néu 1a co s¢ dé thiét ké
cac khao sat thyc nghiém nham khing dinh chirc nang in vitro va in
planta cua HbTPS6L-X1.

Két qua sip giong cot trinh ty HbTPS6L-X1 da phén lap voi
trinh ty HbTPS6L-X1 _insilico (ma so truy cap XM _021794026.1).

XM_021794026.1
HbTPS6L-X1

ATGGAAGTGCAACCTCATTTACAGCCAAACACTGACCAAACCAAAATTCGCTCAGTGTTC
ATGGAAGTGCAACCTCATTTACACCCAAACACTGACCAAACCATAATTCACTCAGTGTTC

CCTCCTCCTGTGTGGGATTCTTACAGCTTTACTTCTTTTTCTTTGCTGGACTCAGAATAT
CCTCCTCCTGTGTGGGATTCTTGCAGCTTTACTTCTTTTTCTTTGCTGGACTCAGAATAT

XM_021794026.1
HbTPS6L-X1

XM_021794026.1 GAATCGTGGACTAGACGGGTGGAAACGCTCAAAGAAAAGGTCAAAGACATGTTAATGGCT
HbTPS6L-X1 AGAC:

XM_021794026.
HbTPS6L-X1

"

GATGCAAGTAATCCGATCAAGAAAATTGAATTGATTAACTTATTATGCCGTCTTGGTTTA
GATGCAAGTAATCCGATCAAGAAAATTGAA'

XM_021794026.1
HbTPS6L-X1

TCATATCATTTTGAGAGGGAAATTGAAGAACAATTAATTCATATTTTTAATTGGGTTCCT
TCATATC: AATTAATTCATATTTTTAACTGGGTTCCT

XM_021794026.1
HbTPS6L-X1

CAACTCTTTGATGAAAATGATTATGATCTCTACACTACAGCTCTCCTTTTTCAAGTCTTG
caacTc! CACTACAGCTCTCCTTTTTCAAGTCTTG

XM_021794026.1
HbTPS6L-X1

AGACAACACGGATTCA TCAAGGACAGCAATGGA
AGACAACACGGATTCAAAATGACTTGTGACGTGTTCAAGAAATTCAAGGACAGCAATGGA

XM_021794026.1 GAGTTCAAGAAGAGCATCATCA ABAGT

ATTCTCAGCT

HbTPS6L-X1 GAGTTC: ATCATC: ATTCTCAGCTTGTATGAAGCAAGT
XM_021794026.1 TT TC! TCTTGAATTTACAAGGTCACAC
HbTPS6L-X1 T AAGGTCACAC

XM_021794026.1

CTGGAGTCATTGGCTATGCAATCAAAACCCCATTATTCTGAACGTATAAAGAATGCTCTG
HbTPS6L-X1 C.

CTGGAGTCATTGGCTATGCAATCAAAACCC! TCTG

XM_021794026.1 ATCCTTCCGTTTCACA cc. TTGGCAATACATCTCTTTCTAT
HbTPS6L-X1 ATCCTTCCGTTTCAC! CC: ATACATCTGTTTCTAT
XM_021794026.1 TCC TCCTACTCGAATTTGCAAAATTAGATTTCAATCGA

HbTPS6L-X1 A TCGA

XM_021794026.1 GTGCAATTATT TC, AGACTTAAAT
HbTPS6L-X1 GTGCAATTAT! TC. TTAAAT
XM_021794026.1 cTTGC: TTCCCTATGC AGAC! TATTTCTGGGCGTGT
HbTPS6L-X1 CTTGCAGAGAAACTTCCCTATGCAAGAGACAGA! TATTT

XM_021794026.1 TCCATTC: CTCAACTTGCTCTTTC TTGAAA
HbTPS6L-X1 TCCATTC: CTCAACTTGCTCTTTCAAGGAC! TTGAAA

ATGATATCACTAGCTGATGACACATACGATGCATATGCTAAAATGAAGGAAGTCAATGCC
ACATACGATGCATATGCTACAATGA AATGCC

XM_021794026.1
HbTPS6L-X1

XM_021794026.1
HbTPS6L-X1

TTCACAGATGCTATCGAGAGGTGCACTATTGATGCTACTGACGAACTGCCAGATTACATG
TTCACAGAAGCTATCGAGAGGTGCAGTATTGATGCTACTGACGAACTGCCAGATTACATG

AAAGTTTTCTAC: TAC TTT
AAAGTTTTCTACAAGGAATTACTGAATCTTTT

XM_021794026.1
HbTPS6L-X1

AGAGAATATTGCGAGTAAG

XM_021794026.1 GAAGGAAGATCCTACTGTGCCTATTACK TTAAAAACTTGT c
HbTPS6L-X1 TTACGTA o c
XM_021794026.1 TATCGC; AC CAAC. TTG
HbTPS6L-X1 TATCGC; AC. CAAC.

XM_021794026.1 CAAAATGGTTCTGAGTCAAGCGGCTATAGC AGCAGGC TG
HbTPS6L-X1 CAAAATGGTTCTGAGTCAAGCACCTATGGC! AGCA

e R Rk ARk KRR Rk ok ok ok e ko ek ok ok ko ok kR

XM_021794026.1 AR
HbTPS6L-X1

AGTGGCTTCAAAGTAACCCAAAAATTGTCAAA
A T cC. ARA

XM_021794026.1 cer GGTA GAACGACATAGTATCCCACCAGGCTGAGCAAAAG
HbTPS6L-X1 GcreT GGTACTT 2 GAACGACATAGTATCCCACCAGGCTGAGCAAAAG
XM_021794026.1 TCTGCTTCATC TAC
HbTPS6L-X1 GCT TC TAC.

GTGCAAATGC. ATCAAC
AAGGCTGTGGAAGAGATTCTTAAAATTTGCGCAAATGCATGGAAGGACATCAACGAAGAA

XM_021794026.1
HbTPS6L-X1

XM_021794026.1 TGC CAACTGCT
HbTPS6L-X1 TGCATGAAGCCAACTGCTCT

AGTCCTATT CTT
AGTCCTATTCTCCAA: TTGCTCGA

XM_021794026.1
HbTPS6L-X1

ATAACAGAGGTTTTTTACAGATTTGACGACTCCTACACCAACCCATCAAGTCTGAAAGAT
ATAACAGAGGTTTCTTACAGATTTGACGACTCCTACACCAACTCATCAAGTCTGAAAGAT

XM_021794026.1
HbTPS6L-X1

AAAATTACAGCATTGCTTCT
AAAATTACAGCATTGCTT

GCCACTTCCTTT
GCCACTTCCTT

AGACCAAGTTAATATATAA
AGACCAAGTTAATGTATAA
e

[£]



Nhém nghién ctru chan thanh cim on TS Tran Thanh - Vién
Nghién ctru Cao su Viét Nam da cung cp mau vo than cdy cao su
H. brasiliensis RRIV 209, ThS Pham Thi My Binh va sinh vién Vo
Thi Kim Thdo - B mon Sinh hoa, Khoa Sinh hoc - Cong nghé sinh
hoc, Truong Dai hoc Khoa hoc Ty nhién, Dai hoc Quéc gia TP H)
Chi Minh d4 hd tro qua trinh thu va bao quan mau.
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