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Tém tit: 2-Methylketone duogc tich iy & mot sé loai thue vat 1a san phim phu cia con dudng sinh
tong hop acid béo dlén ra & lap thé. Methylketone synthase 2 (MKS2) la mt thioesterase xtic tac
budc phan tng ké cubi trong con duong sinh tong hop methylketone, gitip chuyén hoa 3-ketoacyl-
ACP thanh 3-ketoacid, tién chét truc tiép dé tong hop cac 2- methylketone. Cac nghién ctru da cong
b6 cho thay cac loai thyc vat khac nhau trong ho Solanaceae co thé c6 s6 luong gene MKS2 khac
nhau va méi MKS2 khéc nhau c6 thé xuc tac tong hop cac axit béo khac nhau vé chiéu dai chudi
(C6-C18), mirc d6 bao hoa va trang thai oxy hoa khur ciia khung carbon. Methylketone synthase 2
tir ca chua dai (Solanum habrochaites) (ShMKS2) 1a enzyme déau tién dugc xac dinh & thuc vat.
Trong nghién ciru ndy, voi sy hd trg clia cac cong cu tin sinh hoc, ching t6i di xac dinh duoc hai
gene tuong dong vi ShMKS2 hién dién trén hai contig AWOJ-SS748 va AWOJ-SS6425 trong co
s dit liéu b gene cua thude 14 (Nicotiana tabacum), va dit tén 1a NeMKS2-1 va NtMKS2-2. Ca hai
gene déu bao gém 5 exon va 4 intron. Trinh ty ma hoéa (CDS) NtMKS2-1 va NtMKS2-2 hoan
chinh dd dwoc phan 14p thanh cong tir nguén cDNA duoc chuin bj tir mé 14 non cua cdy thude 14
(Nicotiana tabacum), dugc giai trinh ty va so sanh véi trinh tu dy doan in silico. Protein NtMKS2-
1 va NtMKS2-2 du doan bao gdm 211 amino acid, c6 tinh kiém v&i gia tri pI trong khoang
9.37-9.61, trong lugng phan tir khoang 24 kDa va tuong dong voi ShMKS2 hon 60%. Két qua
nghién ctru nay gop thém dir ligu dé h6 trg' nghién ciru sy tién hoa ctia hé gene MKS2? ¢ céc loai
thyuc vat thudc ho Solanaceae va cung cap ngudn gene cho cac nghién ctru cai bién con duong bién
dudng & thyc vat va vi sinh vat nhim mé rong tiém ning ung dung ciia cic hop chat
2-methylketone.

Tir khoa: Nicotiana tabacum, methylketone synthase 2 (MKS2), N(MKS2-1, NtMKS2-2.

1. Mé diu hoi ¢6 ngudn gbe tir acid béo nhur 2-heptanone,
2-nonanone, 2-undecanone, 2-tridecanone,

2-Methylketone 1a nhém hgp chat hitu co, 2-pentadecanone. Nhoém hgp chat nay gop phan
mang nhém chuc ketone & vi tri nguyén tuo tao nén mui huong dic trung ciia nhiéu tinh dau
carbon thtr hai, bao gdm mét s hop chit d& bay thue vét. Vi vy, methylketone tir lau da duoc
s dung lam chit tao huong trong coéng nghé¢
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cac hop chét nay kha da dang, phu thudc vao
chiéu dai chudi carbon, mic d0 bdao hoa va
trang thai oxy hoa - khur trong phan tr. Sy hién
dién cua 2-methylketone ¢ thuc vat da duoc ghi
nhan 14n du tién & ciy Cuu ly huong (Ruta
graveolens) vao nam 1858, tuy nhién cho dén
gin ddy gene ma hoa enzyme tham gia trong
con duong sinh tdng hop cac hop chit nay méi
duoc xac dinh. Cu thé, hai gene ma hoéa enzyme
methylketone synthase 1 (ShMKS1) va
methylketone synthase 2 (ShMKS2) da duoc
phan 1ap tor loai ca chua dai (Solanum
habrochaites) von di tong hop va tich lily rat
nhidu methylketone trong cac 16ng tiét hién
dién trén bé mit 14 va than cta cay. ShAMKS?2 co
hoat tinh thioesterase va c6 thé xtc tac thiy
phan lién két 3-ketoacyl-ACP, mot hop chat
trung gian ctia qua trinh sinh tong hop acid béo,
thanh cac 3-ketoacid. ShMKS1 c6 hoat tinh
decarboxylase xtic tac phan Ung loai nhoém
carboxyl cuia cac 3-ketoacid va san pham sinh
ra 12 cic 2-methylketone c6 chiéu dai khung
carbon ngian hon mét nguyén tir C so voi cac 3-
ketoacid ban dau [1].

Gene md hoa protein twong dong véi
ShMKS? ciing d3 dugc tim thiy ¢ mot sé loai
thuc vat khac nhu Solanum Ilycopersicum,
Arabidopsis thaliana... Cac nghién ctu tiép
theo da chi ra rr:ing cac loai thuc vat khac nhau
trong ho Solanaceae co thé co sb luong gene
MKS2 khac nhau. Ca chua Solanum
lycopersicum c6 ba gene [1], trong khi &t
Capsicum annum chi c6 mot gene ma hoa
protein tuong dong voi ShMKS2 [dir liéu
nghién ctru ciia nhom]. Khi duge biéu hién tai
t6 hop trong E. coli, cic gene mid hoa cac
protein enzyme MKS2 xuc tac tong hop céac
methylketone c¢6 chiéu dai chudi carbon khéc
nhau. Thudc 14 (Nicotiana tabacum) ciing 1a mot
loai thyc vét ho Solanaceae va duoc sir dung phd
bién 1am cdy mé hinh trong céc thi nghiém nghién
ctru trén thyc vat bac cao, tuy nhién, thong tin vé
s& lwong va chirc ning ciia cac gene MKS2 & loai
ndy van chua dugc tim hiéu.

Hién nay ban dd bd gene cta N. tabacum da
dugc giai md va cong bod dudi dang nhiéu phan
doan contig tach roi [2]. Viée tim hiéu sy hién

dién cung chirc nang cua cac gene MKS? tir cay
thudc 14 (N. Tabacum) s& cung cap dit liéu bd
sung, hd tro cho nghién ctru phan tich sy tién
héa chirc nang cia hé gene MKS2 ¢ thyc vat
thudc ho Solanaceae. Trong dé tai nay, ching
t6i tién hanh phan lap (tach dong) gene MKS2
tir cay thudc 1a (N. Tabacum) véi su trg giup
clia cac cong cu tin sinh hoc két hop ky thuat
sinh hoc phan tir. Ngudn gene phan 1ap dwoc co
thé duoc sir dung trong cac nghién ctru cai bién
bién dudng trén thuc vat va vi sinh vat, nhim
mé rong tiém ning tng dung da dang cia nhom
hop chét 2-methylketone.

2. Vit liéu va phwong phap nghién ciru
2.1.Vat liéu

Cay thubc 14 (N. Tabacum) dong K326
dugc trong tir hat giéng do cong ty Profigen,
Braxil cung cip. Cac cdy nay dugc trong tai nha
mang B moén sinh hoéa, truong Pai hoc Khoa
hoc Ty nhién TP. H Chi Minh.

2.2. Phuong phap

Du doan cac trinh ty gene MKS2 mdi ¢ cdy
thuéc la (N. Tabacum) bdng cdc c¢éng cu tin-
sinh hoc

Cac contig chtta trinh ty ma hoéa protein
tuong dong cao v6i ShMKS2 dugc xac dinh
thong qua tra cru co sé dit liéu by gene cia N.
tabacum bang phan mém TBLASTN véi trinh
tu truy van 1a ShMKS2 (md s Genbank
GU987106). Cau tric cua cac gene NtMKS?2
moéi duge du doan bang phan mém FGENESH
(www.softberry.com) va dugc hi€u chinh lai
theo két qua d6i sanh trinh tw genomic va véi
cac trinh ty CDS ma hoéa MKS2 da dugc cong
bd ¢ ho Ca (Solanaceae) [3].

Phadn lap cac trinh tw CDS NtMKS?2

RNA tong s6 dugc tach chiét tir md 14 non
ciy thubc 14 N. tabacum bang EZ-10 Spin
Column Plant RNA Mini-Prep Kit (BioBasic).
cDNA duoc téng hop tir RNA tdng sb da loai
DNA bo gene theo huéng dan cta bo kit
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RevertAid First Strand cDNA Synthesis
(Thermo Scientific). Mau ¢cDNA nay duoc sir
dung lam mach khuén dé nhan ban trinh ty mi
hoéa (CDS) MKS2 théng qua phan ttng PCR voi
cac cap moi dac hiéu duoc thiét ké dua trén
trinh ty CDS du doan. Trinh ty cac cip mdi dic
hiéu duogc thiét ké: NtMKS2-1-F (mdi xudi 1):
5’-CTC GAG TAT GTC GCA AAC CCT AGT
TTC C-3’; NtMKS2-1-R (mdi nguoc 1):
5’-GGA TCC TTT TAG ATG CCT CCT GGC
GA-3> va NtMKS2-2 (mdi xudi 2): 5°-CTC
GAG TAT GTC GCA AAC CCT AGT-3’
NtMKS2-2-R (mdi nguge 2): 5°-GGA TCC
TTT TAG ATG CCT CCT GG-3’. Phan Gng
PCR st dung Phusion DNA polymerase
(Thermo Scientific) dugc thuc hién theo chu
ky nhiét: 98°C /30 giay; lap lai 30 chu ky,
mdi chu ky: 98°C /10 gidy -58°C/ 20 gidy (cip
mdi NtMKS2-1-F/R) hodc 52°C/ 20 gidy (cip
mdi NtMKS2-2-F/R) -72°C/20 gidy; 72°C trong
5 phut va giir 4°C trong 15 phut.

San phdm nhan ban duoc kiém tra bing
dién di trén gel agarose 1%, san pham muyc tiéu
dugc tinh sach tir gel theo hudng dan cia bo kit
GeneJET Gel Extraction va dugc chén vao
vector pJET1.2/blunt thong qua phan tng nbi.
Hdn hop phan tmg ndi duoc bién nap vao té bao
kha nap E. coli TOP10 bang phuong phap hoa
bién nap. Cac thé bién nap E. coli
TOP10/pJET-NtMKS2-1 dugc sang loc bang
phan tng PCR khuan lac vé6i moi xudi
NtMKS2-1-F  va mdi nguwoc pJET1.2-R
(5’- AAG AAC ATC GAT TTT CCA TGG
CAG-3"). Cac thé bién nap E. coli
TOP10/pJET-NtMKS2-2 dugc sang loc bing
phan tmg PCR khuan lac v&i méi xudi pJET1.2-
F (5°-CGA CTC ACT ATA GGG AGA GCG
GC-3") va mdi ngugc NtMKS2-2-R bang Tag
polymerase vGi chu ky nhiét: 95°C/30 giay; lap
lai 30 chu ky, méi chu ky: 95°C/50 giay,
58°C/20 gidy, 72°C/40 giay; 72°C trong 5 pht;
4°C trong 15 phut. Két qua dién di san phim
PCR trén gel agarose 1% s& cho biét dong té
bao E. coli ¢c6 mang plasmid chira gene muc
tiéu hay khong. Plasmid tai t& hop duogc tach
chiét bang bo kit GeneJET Plasmid Miniprep,

dugc kiém tra kich thudc bang phan tng cét véi
enzyme cét giGi han Xhol va BamHI va sau do,
duoc giai trinh ty dé dbi sanh voi trinh tu gene
da du doan dya trén phan tich tin-sinh hoc.

Xdy dung cdy phat sinh loai

St dung phan mém sap giéng cot nhidu
trinh tv CLUSTAL W dé so sanh trinh tu
protein cia NtMKS2-1, NtMKS2-2 phéan lap tir
cay thudc 14 (N. Tabacum) vé&i cac trinh ty
MKS2 di phan lap hodc du doan tir mot sb loai
thuc vat trong ho Solanaceac nhu ca chua
hoang dai (S. Habrochaites), ca chua thudn hoa
(S. Lycopersicum), ca chua (S.
Pimpinellifolium), ca tim S. melongena va 6t
Capsicum annuum nhim x4c dinh muac do
tuong dong gilta cic protein ndy va xay dung
cay phat sinh loai dua trén két qua so sanh trinh
tu protein bang phdn mém MEGAG [4].

3. Két qua nghién ciru

3.1. Két qua dir doan cac trinh ty contig chira
gene ma hoa chuoi polypeptide c6 do twong
dong cao voi ShMKS?2

Khi tién hanh TBLASTN co s& dit liéu “N.
tabacum Genome (Current version)” trén SNG
v6i trinh ty truy vin 1a SAMKS2, chiing t6i tim
duoc hai contig c6 chra gene ma hoa cac
protein c6 d6 twong dong cao véi ShAMKS2, d6
la Ntab-K326 AWOJ-SS748 va Ntab-K326
AWOIJ-SS6425 (Bang 1).

Bang 1. Cac contig chira gene ma hoa cho protein c6
trinh ty twong dong cao véi ShMKS2

STT  Trinh tu contig Gid tri Giatri E
bit-score
Ntab-K326
1 AWOI-SS748 94.7 le -19
,  NubK326 90.9 2e-18

AWOJ-SS6425

3.2. Két qua phin lip gene NtMKS2-1 va
NtMKS2-2 in silico

Contig AWOJ-SS748, co6 kich thudc
905,935 bp, chira nhitng doan nucleotide giong
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c¢ot cung chidu véi trinh tu gene mad hoa cho
protein ShAMKS2. Tir két qua phan tich dya trén
cic phin mém hd trg du doan gene
(FGENESH, FSPICE, CLUSTAL W) va két
qua hiéu chinh tha cong cic vi tri cat-ndi
(splicing sites) duya trén thong tin sap giong cot
gilia trinh ty contig trén va trinh ty cDNA
tuong ung cia SAMKS?2, chung t6i du doan vi
tri codon khéi dau va két thiic cua gene ma hoa
chudi polypeptide tuong ddng voi SAMKS? trén
contig va dat tén la NtMKS2-1.

Theo d6, gene NtMKS2-1 gdm 12,160 bp,
trong do6 c6 5 exon va 4 intron. Trinh ty CDS
ma hoa protein NtMKS2-1 hoan chinh dai
636 bp va md hoa protein chira 211 amino
acid, tuong ddéng 63% so voi trinh ty
ShMKS2 hoan chinh.

Tuong  tu, contig  AWOJ-SS6425
(1,374,146 bp) cling chira mot khung doc md
(ORF) tuong urng véi trinh ty ma héa cho mot
protein dai 211 amino acid va trong ddng 62%
v6i ShMKS2 va tuong dong 91 % so vdi trinh
tu CDS NtMKS2-1 du doan & trén. Gene thir hai
duogc dat tén la NtMKS2-2 va co kich thudce
9,217 bp voi 5 exon va 4 intron.

3.3. Phdn lap trinh tu md hoa NtMKS2-1 va
NtMKS2-2 tir cay thuoc la (N. Tabacum)

Két qua dién di ¢ hinh 1 cho thiy san phim
PCR nhén ban CDS NtMKS2-1 va NtMKS2-2
cho bang DNA c6 kich thudc xap xi 650 bp khi
so sanh v6i thang DNA chuan, phu hop voi
kich thudc du doan cua hai doan trinh tuy ma
hoa NtMKS2-1 va NtMKS2-2 (Hinh 1, giéng N1
va N2 tuong ing).

San phim PCR dugc tinh sach tir gel
agarose va dugc nbi vao vector pJET1.2/blunt.
Hdn hop phan tmg ndi duoc bién nap vao té bao
kha nap E. coli TOP10. Két qua sang loc cac
dong t& bao E. coli TOP10 mang plasmid
pJET-NtMKS2-1 hodc pJET-NtMKS2-2 bing
phan mg PCR khuén lac véi moi pJET1.2-F bt
cap dac hiéu voi trinh tu vector va mdi nguoc
bét cap dac hiéu véi trinh ty gene muc tiéu
(Hinh 2) cho cac bang DNA c¢o6 kich thudc
khoang 700 bp, twong tng voi kich thudc du

doan ctia san phdm nhan ban (Hinh 2, giéng N1
va N2). Trong khi d6, di ching 4m khong xuét
hién vach c6 cung kich thudc nhu trén (Hinh 2,
giéng 1). Cac khuan lac cho két qua PCR duong
tinh dugc chon nudi nhan sinh khdi dé tich
chiét plasmid. Plasmid tach chiét duoc so bo
kiém tra bang phan tng cit véi td hop enzyme
cit gi6i han Xhol va BamHI va duoc gui giai
trinh tu.

Két qua sip gidng cot nhidu trinh tu
(multiple sequence alignment) cho thdy CDS
NtMKS2-1 va NtMKS2-2 c6 trinh ty gidng
100% so vai trinh tw NeMKS2-1 va NtMKS2-2
da dy doan bang phan tich tin sinh hoc.

3.4. Phan tich trinh tw ma hoa NtMKS2-1 va
NtMKS2-2 duoc phdn lap tir N. tabacum

Két qua sip giong cot 11 trinh tu protein
MKS2 hién dién & 6 loai thuc vat ho
Solanaceae (bang phan mém CLUSTAL W)
duoc mod ta ¢ hinh 3. Theo d6, NtMKS2-1 va
NtMKS2-2 déu chtra amino acid aspartate bao
tdn (dugc déng khung - hinh 3) can thiét cho
hoat tinh xuc tac cua cac enzyme MKS2 thudc
ho thioesterase cO ving gip cudn kiéu
“hotdog”. Cay phat sinh loai dua trén két qua so
sanh cac trinh ty MKS2 duogc mo ta ¢ hinh 4.

4. Két luan

Véi su hd tro clia cac cong cu tin sinh hoc
va sinh hoc phéan tir, ching t6i da phan 1ap duogc
hai trinh tv md hoéa protein NtMKS2-1 va
NtMKS2-2 tuwong dong 63% va 62% véi
ShMKS2. Ca hai protein NtMKS2-1 va
NtMKS2-2 déu c6 chira amino acid aspartate
bao ton can thiét cho hoat tinh xuc tic cua céc
enzyme MKS2 thugc ho thioesterase c6 ving
gap cudn kiéu "hotdog”. Két qua nghién ciru
cung cap dir liéu bo sung hd tro nghién ctru sy
tién hoa ciia hé gene MKS2 & cac loai thuc vat
thudc ho Solanaceae va cung cip ngudn gene
cho cac nghién ciru cai bién con dudng bién
dudng & thuc vat va vi sinh vat nhim mé rong
tiém ning Gng dung cua cac hop chat
2-methylketone.
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650bp 700 bp
Hinh 1. Két qua dién di san phim PCR nhan ban Hinh 2. Két qua sang loc dong t€ bao E. coli TOP10
NIMKS2-1 va NtMKS2-2. mang p1a§mid tai to hop bépg PCR khuan lac.
Giéng M: Thang chuin DNA 1kb Giéng M Thangfhuén DNA 1kb
Giéng 1: D6 chimg am = G}eng } Dot chunzzg am . .
Giéng N1, N2: San phim PCR nhan ban Gieng N1, N2: San pham PCR khuan lac tuong tmg véi
NIMKS2-1 va NEMKS2-2 dong vi khuan mang plasmid tai to hop pJET1.2/blunt-

NtMKS2-1 va pJET1.2/blunt-NtMKS2-2
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Hinh 3. So sénh trinh ty protein ctia NtMKS2-1 va NtMKS2-2 tir cdy thudc 14 N. tabacum véi cac trinh ty tuong
ddng tir ca chua dai S. habrochaites (SAMKS2), ca chua thudn hoa S. lycopersicum (SIMKS2a, SIMKS2b,
SIMKS2c), ca chua S. pimpinellifolium (SppMKS2-1, SppMKS2-2. SppMKS2-3), ca tim S. melongenea
(SmMKS2) va 6t Capsicum annuum (CaMKS2).
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Hinh 4. Cay phat sinh loai dya trén so sanh cac trinh ty protein cua cac gene MKS2 tit N. tabacum, S.
habrochaites, S. lycopersicum, S. pimpinellifolium, S. melongenea va C. annuum.
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Abstract: 2-Methylketones are accumulated in some plants as a byproduct of the fatty acid
biosynthesis that takes place in plastids. Methylketone synthase 2 (MKS2) is a thioesterase that catalyzes
the penultimate reaction in the methylketone biosynthetic pathway. It converts 3-ketoacyl-ACPs into
3-ketoacids which are precursors for the synthesis of 2-methylketones. Previous studies have shown
that species in the Solanaceae family might have different number of MKS2 genes. Besides, each
MKS?2 could hydrolyze a specific group of endogenous fatty acyl-acyl carrier protein substrates that
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varies in chain length (C6-C18), degree of saturation and oxidation state. In this study, we had
identified two homologous genes of SAMKS?2, designated as NtMKS2-1 and NtMKS2-2, located at two
contigs AWOJ-SS748 and AWOQOJ-SS6425 in the Nicotiana tabacum genome database. Both genes
comprise of five exons and four introns. The full-length cDNA sequences encoding NtMKS2-1 and
NtMKS2-2 have been successfully isolated from young leaf tissues of tobacco N. tabacum, sequenced
and aligned with the corresponding sequences predicted by in silico analysis. Both of the deduced
amino acid sequences encode proteins of 24 kDa that share more than 60% identity to ShMKS2 and
contain a conserved aspartate residue essential to the catalytic core of the hotdog-fold thioesterases.
This study provided additional data to gain insights into the evolution of the MKS2 genes in species
from the Solanaceae family.
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