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2-Methylketone 1a chit tao hwong quan trong trong nganh
cong nghiép thuc phdm va my pham. O thuc vat, 2-
Methylketone chu yéu c6 vai tro gitp cdy trong dbi khang voi
sdu hai. Gan day, 2-Methylketone con dugc xem la ngudn
nguyén liéu tiém ning cho san xuat ning lugng sinh hoc. Viéc
kham pha ra hai gene methylketone synthase 1 (ShMKS1) va
methylketone synthase 2 (ShMKS2) mad hoa cho hai enzyme
chinh tham gia trong su sinh tong hop methylketone & loai ca
chua dai Solanum habrochaites va nhiing gene twong dong véi
ching & mot s6 loai thuc vat khac da tao nguon gene cho nghién
clru cai bién vi sinh vat nham tao ra nhiing ching méi c6 kha
nang sinh téng hop methylketone. Trong bai bao nay, mot sb két
qua dat duoc bude dau trong nghién ctru ky thuat bién dudng
(metabolic engineering) hudéng dén t6i uu hda kha nang san xuat
methylketone nho vi khuén duoc cap nhat va phan tich. Trén co
s do, chung t61 ban luan vé nhiing co hoi va thach thirc di kém,
dong thoi thao luan vé mot sé dé xudt cai tién cho cac nghién
ctru tiép theo.

ABSTRACT

2-Methylketone is a class of compounds that are commonly
used to flavor some foods and to improve the appeal of
cosmetics. 2-Methylketones can act as a natural insecticide with
low mammalian toxicity and little or no impact on the
environment. Recently, methylketone has received more
attention as a potential source of biodiesel. The discovery of two
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genes encoding two enzymes necessary for methylketone
biosynthesis in the wild type tomato Solanum habrochaites,
designated methylketone synthase 2 (ShMKS2) and methyl
ketone synthase 1 (ShMKS1), and their homogeneous genes in
some other plants have provided sources of the gene for
metabolically engineering bacteria for the production of the 2-
methylketone. In this paper, we include new results achieved in
this area in the past few years. The study sought to identify
2-methylketone, methylketone  chajjenges and opportunities posed by the examples and to

synthase, metabolic . . i
engineering develop innovative suggestions for further research.

Keywords:

1. 2-Methylketone va tiém ning rng dung

2-Methylketone 1a nhém hop chat hitu co c6 ngudn géc tir axit béo va chira nhém ketone
& nguyeén tu carbon tha hai. 2-Methylketone dugc phét hién vao nim 1858 trong tinh dau cly
ctru Iy huong Ruta graveolens (Williams, 1858) va sau d6 duoc tim thy trong vi sinh vat, thuc
vat, con triing va té bao dong vat hiru nhii (Forney & Markovetz, 1971). Methylketone ton tai
trong tu nhién da dang vé chiéu dai chudi: methylketone chudi ngan c6 khung carbon dai 3-9
nguyén tu carbon, methylketone chudi trung binh gém 11-13 nguyén tir carbon, methylketone
chudi dai 15-17 nguyén tir carbon. Ty thudc vao chiéu dai chudi, cac hop chit methylketone
c6 nhirng vai tro khac nhau trong sinh gigi va dugc thg dung trong cac linh vuc khac nhau.
Methylketone duoc tim thy trong thuc vat thuong ¢ tir 7-15 nguyén ti cachon: 2-heptanone
(7C), 2-nonanone (9C), 2-undecanone (11C), 2-tridecanone (13C) va 2-pentadecanone (15C).
Mot vai nghién ctiu chitng minh cac 2-methylketone, dic biét 1a 2-tridecanone, dugc tim thay
trong thuc vat 1a nhém hop chat cé tinh khang sau tu nhién, hd trg cay trong chéng lai sdu bénh
gay hai (Dimock & Kennedy, 1983). M6t s nghién ciru vé tac dong gay doc ciia methylketone
trén ngudi va gia stc cho thdy mic du methylketone gay chét cac loai con tring gay hai nhung
khong co6 tac dong gay doc nao trén nguoi va gia sic (Antonious, 2004). Ngoai thuc vat,
methylketone con duoc phat hién trong mot sé loai con tring. 2-Pentadecanone dugc xac dinh
la mot trong cac thanh phan cua chét dan du gidi tinh (pheromone) duoc tong hop kha nhiéu
trong rudi giam Drosophila busckii (Schaner, Tanico-Hogan, & Jackson, 1989). 2-Tridecanone,
2-pentadecanone va 2-heptadecanone duoc phat hién trong thanh phan hop chat bay hoi tiét ra
tir tuyén hau mon cua loai ong Frieseomelitta varia (Patricio, Lopez, Maile, & Morgan, 2003).
2-Heptanone con duoc tim thay trong tuyén ham dudi cua kién Atta texana va Conomyrma
pyramica cé tac dung thu hit hodc xua dudi cac loai khac tly thudc vao hop chat nay duoc tiét
ra véi ham luong thap hay cao (Blum & Warter, 1966; Moser, Brownlee, & Silverstein, 1968).
Trong nhitng nam 1950 -1970, cac nha khoa hoc da phat hién ra methylketone hién dién trong
moi trudng nudi cdy cua nhiéu loai vi khuan va nim. Dién hinh nhu Mycobacterium
rhodochrous tong hop dugc 2-undecanone tir n-undecane (Lukins & Foster, 1963) hay
Pseudomonas methanica va Mycobacterium smegmatis c6 thé tong hop cac methylketone chudi
ngdn nhu 2-butanone, 2-pentanone va 2-hexanone tir ngudn alkane twong ¢ng cia ching
(Leadbetter & Foster, 1959; Lukins & Foster, 1963). Nam Penicillium caseicolum dugc phan
Iap tir phd mai Camembert c6 kha nang tao ra lugng 16n methylketone ¢ mach carbon dai tir
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C3-C13 tir co chét 1 sita bot (Karahadian, Josephson, & Lindsay, 1985). Tir 1au, methylketone
da dugc st dung 1am chat tao huong cho cac san pham tur sita (Forney & Markovetz, 1971).
Mot sé methylketone chudi ngan Ia thanh phan tao hwong vi dic trung cho phd mai xanh nhu
2-propanone, 2-pentanone, 2-heptanone va 2-nonanone (Alonso, Fontecha, & Juarez, 1999).
Tai My, mot hdn hop tao huong vi dic biét cia kem dugc nhidu ngudi ua thich bao gdm axit
9-decenoic va hon hop cua 2-undecanone, 2-tridecanone va 2-pentadecanone (Sevenants,
1983). 2-Nonanone, 2-undecanone, 2-tridecanone, va 2-pentadecanone da dugc cho phép sir
dung 1am hwong liéu cho thuc phdm, nuéc hoa va tinh dau bai Cuc Quan ly Thyuc pham va
Duoc pham My (nhu GRAS) (Hall & Oser, 1965). Pang cha y hon, gan day methylketone nhan
duoc nhidu sy quan tdm cua cac nha nghién ciru nang luong sinh hoc vi day 13 nhom hop chat
¢ tri sb kich nd cetane cao. Hon hop ciia 2-undecanone va 2-tridecanone véi ti 16 50/50 vé khoi
lwong c6 tri s6 kich nd cetane 13 58,4 (Goh, Baidoo, Keasling, & Beller, 2012). Methylketone
c6 tinh ua nuéc va nhiét d6 ndng chay thap hon céc axit béo hién dang duoc sir dung nhiéu
trong san xuat dau diesel sinh hoc, vi thé nhém hop chat nay hira hen s& 13 mét lua chon mai
trong viéc san xuat nguon nhién liéu sinh hoc cé thé tai sinh, an toan va than thién voi moi
truong, cd thé thay thé cho nguon nhién liéu dau mo va khi dt dang ngay cang can kiét.

2. Sinh téng hop methylketone 1a con dwdng chuyén hda chuyén biét cia mat so
loai thuc vat?

Mic di nhitng tng dung cia 2-methylketone da dugc biét dén tir khé lau, nhitng nghién
ctru vé co s phan tir caa qué trinh sinh tdng hop cac hop chat methylketone & thuc vat maéi
duogc cong bd trong nhitng ndm gan déy trén loai ca chua dai Solanum habrochaites. Céc nha
nghién ciru dd nhan thay rang hai gene ShMKS1 va ShMKS2 biéu hién manh trong cac té bao
I6ng tiét & than va l4 ciia nhitng cay ca chua dai tich lity nhidu methylketone trong khi lai it biéu
hién trong nhiing cdy ca chua da dugc thuan hoa S. lycopersicum chi tich lity mét lugng khéng
dang ké cac methylketone. Trén co s& d6, hai gene nay da duoc phan 1ap va nghién ctu chirc
ning (Ben-Israel et al., 2009; Fridman et al., 2005; Yu et al., 2010). Gene thir nhat, ShMKS2,
ma hoéa cho mét protein thuoc nhom thioesterase 11 véi dic trung 1a chira ving gap cudn “hot-
dog”. ShMKS?2 ¢6 hoat tinh ctia mot 3-ketoacyl-ACP thioesterase, xdc tc phan ung thuy phén
lien két thioester trong co chat 3-ketoacyl-ACP, chit trung gian trong con duong sinh téng hop
axit béo dién ra & luc lap thé cua thuc vat, dé tao thanh cac 3-ketoaxit twong tng. Gene thi hai,
ShMKS1, ma héa cho mot protein thuoc nhém thioesterase | voi dic trung 1a chaa ving gap
cudn kiéu “o/p hydrolase”. Tuy nhién, ¢ l0ai ca chua dai, SAMKS1 khéng c6 hoat tinh hydrolase
nhu da sé cac thanh vién khac trong nhdm enzyme ndy ma lai thé hién hoat tinh 3-ketoaxit
decarboxylase (Auldridge et al., 2012), xuc tac phan tng khir nhom carbonyl cta cac 3-ketoaxit
dé tao thanh san pham chuyén héa cudi cung I1a 2-methylketone c6 chiéu dai chudi ngan hon
mot nguyén tir carbon. Hai buéc phan ung cudi cung trong con duong sinh tong hop
methylketone dién ra & loai ca chua dai c6 thé duoc md ta nhu & Hinh 1.
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Hinh 1. Chudi phan tng tong hop methylketone (Yu et al., 2010)

Mot luong nho methylketone doi khi ciing dugc tim thay trong céc loai thuc vat khac
ngoai chi Solanum (Henricsson, Westerholm, Nilsson, & Berggren, 1996; Jasperson & Jones,
1947) nhung co ché sinh téng hop methylketone & nhiing loai ndy van chwa dugc xac dinh. Sy
hién dién cua cac protein twong déng véi MKS1 va MKS2 ¢ cac loai khac khdng thudc chi
Solanum di dit ra cAu hoi rang hai protein nay c6 tham gia trong qué trinh tong hop
methylketone, du chi véi mét luong rit nho, & nhitng loai thuc vét nay khéng? Va bing cach
nao hai protein ShMKS1 va ShMKS2 di c6 duoc kha ning xtc tac sinh tong hop mot lugng
dang ké methylketone ¢ loai ca chua dai?

Cau tra 1oi kha di 1a: bat ké chuc ning (hoat tinh) dau tién caa MKS2 1a gi, su gia ting
biéu hién cua gene nay s& din dén 1am tang hoat tinh enzyme thay thé, von chi & muc thap, cua
protein dugc ma hoa gene nay. Két qua nay két hop véi su gia ting dong thoi dong chuyén hoa
téng hop axit béo co thé da lam ting lwong methylketone duoc tong hop so véi ban dau (do 3-
ketoaxit c6 thé dugc decarboxyl héa mét phan & diéu kién thuong thanh methylketone). Do
methylketone c6 hoat tinh khang con tring va sau hai, nhiing cay c6 kha ning tong hop
methylketone c6 uu thé hon so véi nhiing cay khéc va két qua 1a dic tinh nay duogc gitr lai qua
qué trinh chon loc tu nhién lau dai. Tuy nhién, néu chi mot phan nho 3-ketoaxit duoc chuyén
hoa thanh methylketone thi sy biéu hién vuot mirc protein ShAMKS2 ma khong di kém vai su
hién dién cua enzyme decarboxylase c6 thé dan dén tich lity mot luong Ién chat trung gian 3-
ketoaxit, gay tro ngai cho qué trinh sinh tong hop axit béo. Vi 1& 6, enzyme MKS1 nguyén ban
véi hoat tinh khir nhém carbonyl cia cac 3-ketoaxit & muc d6 thip da duoc chon loc tu nhién
giit lai @& mang lai loi ich cho cay bang cach khir nhém carbonyl cua cac 3-ketoaxit va gia ting
tong hop methylketone khang sau hai. Piéu tha vi 1a ShMKS2 ¢ ca chua dai va cac protein
tuong dong voi SAMKS2 & mét s6 loai thuc vat khac déu xdc tac cho phan @ng thay phan twong
tu nhau, dé nghi rang hoat tinh thioesterase cua cac MKS2 nay vén da xudt hién tir kha lau trong
lich str tién hoa. Nguoc lai, protein ShMKS1 va SIMKS1a vé co ban lai khac véi cac protein
turong ddng véi chiing duoc tim thdy ¢ nhitng loai khéc. Su thay thé Ser trong bo ba x(c tac can
thiét cho hoat dong o/p-hydrolase cua nhiéu protein trong ho a/B-hydrolase bang Ala (& vi tri
87 trong ShMKS1) khién cho ShMKS1 va SIMKS1a khong cé hoat tinh hydrolase nhu cac
protein tuong dong cua nd (Hotelier et al., 2004). Nhu vay, hoat tinh 3-ketoaxit decarboxylase
ciia ShAMKS1 duong nhu chi méi xuat hién gan day, c6 thé l1a chi trong chi Solanum. Su tién
héa chiic nang cia MKS1 va nhiing thay doi vé mue do biéu hién cia ShAMKS2 va ShMKS1 &
ca chua dai da khién cho loai thuc vat ndy cé kha ning téng hop va tich lily dwoc nhiéu
methylketone trong 16ng tiét cua Ia va than. Ngoai ca chua dai Solanum habrochaites c6 kha
ning tong hop nhiéu methylketone chudi trung binh, nhitng nghién ctru so khéi gan day caa
nhom chiing t6i di xac dinh dwoc thém mét loai thyc vat dac hiru & Viét Nam c6 kha nang tong
hop nhiéu methylketone chudi dai la lan Gia hac Dendrobium superbum (dit liéu chua cong
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bd). Nhitng nghién ciru vé co so di truyén va sinh hoa caa qué trinh sinh tong hop methylketone
& loai nay s& gop phan lam sang t6 thém nhing hiéu biét cua ching ta vé su da dang trong
ngudn gene MKS2 & thuc vat. Két qua tir nhitng cong bd khoa hoc da néu phan nao di cho thay
rang sinh tong hop methylketone 13 con duong chuyén hda chuyén biét & mot sé loai thuc vat
véi chiic nang duogc tim thay 12 khang con triing va sau hai.

3. Hoat tinh enzyme ciia cac protein dwoc ma héa béi MKS2 va MKS1

Khi biéu hién trong ca chua dai va ca khi dugc biéu hién tai té hop trong vi khuan E.
coli, ShMKS2 thiy phan hiéu qua nhit co chat 3-ketomyristoyl-ACP va 3-ketolauroyl-ACP va
tao thanh 3-ketoaxit twong ung la axit 3-ketomyristic (14C) va axit 3-ketolauric (12C), con
ShMKS1 cé hoat tinh decarboxylase sé khir nhém carboxyl cua 3-ketoaxit tao thanh 2-
methylketone (Yu et al., 2010).

Céu trdc tinh thé cta protein enzyme ShMKS1 di dugc xac dinh (Auldridge et al.,
2012). Két qua phan tich cho thdy ShAMKS1 1a mét thanh vién khac biét thuoc ho a/B-hydrolase
(thioesterase nhom I), trong d6 bo ba axit amin c6 vai tro xuc tac cua da sé enzyme ho o/B-
hydrolase 1a Ser-His-Asp da duoc thay thé bang bo ba Ala-His-Asn. Két qua 1a ShMKS1 c6
hoat tinh decarboxylase thay vi hoat tinh hydrolase nhu da s6 céc thanh vién khac trong ho
enzyme nay. Thong tin vé cau tric tinh thé cia ShMKS1 chinh 14 co s¢ dé tién hanh nghién
clru vai trd cia mot sé axit amin tai trung tam hoat dong ciia enzyme ShMKS1 d6i véi tinh dic
hiéu co chat ciia enzyme ndy. Cu thé, sy thay doi amino axit Cysteine thir 125 thanh Tryptophan
(W) hoac Glycine thtr 129 (G) thanh Tryptophan (W) gitp tang hoat tinh xdc tac cua enzyme
ShMKS]1 1én twong ung 32 hoic 44 lan trén co chat chudi ngan 3-ketoheptanoate (C8)
(Auldridge et al., 2012).

Cho dén nay cau trdc tinh thé cia SAMKS2 va cac protein twong dong véi ShMKS2 tir
cac loai thuc vat khac van chua duge xac dinh. Tuy nhién, cac nha khoa hoc da c6 cac bang
chang thuc nghiém cho thay ShMKS2 1a mot thioesterase ¢6 cau tric gap cudn kiéu “hotdog”-
tuong tu Véi enzyme 4- hydroxybenzoyl-CoA thioesterase (4HBT) duoc tim thay & vi khuan
Pseudomonas sp (Benning et al., 1998) mic du hai protein nay chi twong dong <15% vé trinh
tu. ShMKS2 thé hién hoat tinh thioesterase, x(c tac thuy phan lién két thioester cua co chat 3-
ketoacyl-ACP tao thanh 3-ketoaxit trong phan tng ké cudi cua con dudng sinh tong hop
methylketone & ca chua dai S. habrochaites (Yu et al., 2010) con enzyme 4HBT xUc tac thuy
phan lién két thioester gitra CoA va nhom 4-hydroxybenzoyl trong qué trinh chuyén hoa 4-
chlorobenzoate thanh 4-hydroxybenzoate & vi khuan Pseudomonas sp (Benning et al., 1998).
Két qua sap giong cot cac trinh ty protein MKS2 ¢ thuc vat vai trinh tu caa 4HBT tir vi khuan
Pseudomonas sp. cho thdy vi tri cua axit amin aspartate c6 vai tro quyét dinh hoat tinh
thioesterase cua cac protein enzyme chira cau tric gap cuon kiéu “hotdog” nhu 4HBT di duogc
bao ton & tat ca cac protein MKS2 duoc sap giong cot (Ben-lsrael et al., 2009). Bang thoi, dot
bién diém dinh huéng nham thay dbi aspartate tai vi tri nay thanh alanine da dan dén su bat
hoat cac MKS2 da khao séat (Yu et al., 2010). Tuy nhién, nhitng yéu t5 nao da quyét dinh tinh
dic hiéu co chét cua cac enzyme MKS2 van 1a mét cau hoi con dang b6 ngo.

Nam 2014, Pulsifer va cong su da phan 1ap duoc bdn gene thudc ho acyl thioesterase tir
Arabidopsis thaliana ma héa cho cac protein trong dong 72-80% véi ShMKS2 va dit tén lan
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luot 14 acyl-lipid thioesterase 1 (ALT1), ALT2, ALT3 va ALT4. Khi biéu hién cac gene nay trong
té bao E. coli K27, a chiung khuyét gene FadD - gene ma hda enzyme acyl-CoA synthetase,
cac enzyme ALT st dung co chat acyl-ACP dé tao thanh cac axit béo da dang vé chiéu dai
chudi carbon (C8-C16), mirc do bdo hoa va trang thai oxy hoa cua chudi. Pic biét, enzyme
ALT2 c6 kha ning sir dung co chat 3-ketoacyl-ACP dé tong hop 3-ketoaxit chudi ngan (8C,
10C) khi dwoc biéu hién tai to hop trong té bao E. coli K27 (Pulsifer et al., 2014). Nhitng két
qua nay cho thiy cd su khéc biét vé s6 luong gene MKS2 & cac loai thuc vat khac nhau, dong
thoi ciing phan anh sy da dang vé hoat tinh enzyme cua céac protein dwoc mé héa béi nhiing
gene nay.

4. Téng hep methylketone bang cai bién bién dwéng vi sinh vét - Co hdi va thach
thac

Cac hop chat methylketone c6 nhiéu vai trd quan trong trong doi sdng tu nhién va trong
ing dung san xuat. Tuy nhién, viéc tong hop va san xuat methylketone & quy md cong nghiép
hién nay ch yéu bang phuong phap héa hoc thdng qua qué trinh oxi héa cac hydrocarbon. Do
d6 viéc san xuat methylketone bang con dudng chuyén héa sinh hoc, an toan va than thién voi
moi truong thong qua Ky thuat bién dudng 1a mot hudng di méi dang duge cac nha khoa hoc
guan tam.

Nhitng hiéu biét vé co s& phan ti va sinh hoa caa su sinh tdng hop methylketone ¢ thuc
vat da tao tién dé cho nhitng nghién ctu str dung ky thuat bién dudng vi sinh vat dé téng hop
methylketone & quy mé coéng nghiép. Vao nam 2012, Park va cong su da thiét ké con duong
sinh téng hop methylketone tir glucose trong té bao E. coli bang cach biéu hién vuot mac hai
gene ShMKS1 va ShMKS2 da dugc tdi uu hoa ma di truyén dé phd hop vai hé thdng biéu hién
cua E. coli. Té bao E. coli binh thuong tong hop mot luong khong déng ké cac methylketone
nhung c6 kha ning tong hop 3-ketoacyl-ACP hoic 3-ketoacyl-CoA - tién chét truc tiép dé tao
ra methylketone. ShMKS2 xtc tac sy thuy phan lién két thioester cua 3-ketoacyl-ACP hoic -
CoA tao thanh 3-ketoaxit. ShMKS1 xuc tac su decarboxyl hda cac 3-ketoaxit tao thanh
methylketone. Dé chuyén hudng dong carbon sang nhanh tong hop methylketone, nhom tac gia
da tién hanh loai di nhitng gene tham gia trong nhiing con dudng Ién men tong hop ethanol
(adhE), lactate (IdhA) va acetate (pta, poxB) & té bao vi khuan E. coli, két qua 1a luong
methylketone dugc tong hop ting 1én gp d6i. Thong qua viéc téi wu hoa cac diéu kién nudi
cay va st dung ky thuat bién dudng hop 1y, cu thé 1a bo sung thém glucose vao méi trudng nudi
cay véi nong d6 50 g/L, nudi cay lac o 37 °C trong 48 gid & diéu kién oxy hoa tan (DO) 1a 10%,
nhém nghién ctru da co thé dat dugc ndong d6 methylketone cao gap 75 lan so véi mirc ban dau,
trong d6 chung E. coli MG1655 AadhE AldhA ApoxB Apta pTrcHis2A-shmks2-shmks1 duoc
ghi nhan cé kha niang tong hop methylketone & muc cao nhat (gan bang 500 mg/L) trong sé cac
chung vi sinh duoc cai bién di truyén. Hai methylketone duoc tao ra tir chung vi khuan E. coli
siéu biéu hién hai gene ShMKS2 va ShMKS1 trong nghién ciru nay la 2-tridecanone (C13) va
2-undecanone (C11) (Park et al., 2012).
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Hinh 2. Con duong sinh tong hop methylketone trong té bao E. coli siéu biéu hién hai gene
ShMKS1 va SAMKS2 tir co chit ban dau la glucose (Park et al., 2012)

Ghi chl: G-6-P: glucose-6-phosphate; F-6-P: fructose-6-phosphate; F-1,6-BP: fructose-1,6- bisphosphate; DHAP:
dihydroxyacetone-phosphate; GADP: glyceraldehyde-3-phosphate; 1,3-BPG: 1,3-bisphospho-glycerate; 3-PG: 3-
phospho-glycerate; 2-PG: 2-phospho-glycerate; PEP: phosphoenol pyruvate; Pyr: pyruvate

Ciing trong nam 2012, Goh va cong su di tao dugc chung vi khuan E. coli biéu hién
vuot mirc dong thoi FadB - gene ma hoa enzyme tong hop 3-ketoacyl-CoA va FadM - gene ma
hoa cho enzyme thioesterase phan giai 3-ketoacyl-CoA thanh 3-ketoaxit. Nho sy cai bién di
truyén nay, chiung méi c6 kha ning tong hop methylketone dat mic 380 mg/L, bao gom chu
yéu la 2-undecanone va 2-tridecanone (Goh et al., 2012).

2-Undecanone va 2- tridecanone la cac methylketone c6 chiéu dai chudi trung binh c6
chi s6 kich nd cetane cao, tuy nhién, nhiét do néng chay cta chung ciing twong di cao la mot
diéu bét loi cho dic tinh cua nhién liéu nhiét lanh. Trong khi d6, cac methylketone chudi ngan
va cac methylketone véi khung carbon chua bdo hoa lan luot ¢6 nhiét do nong chay thap hon
cac methylketone chudi dai va cac methylketone cé chira lién két doi trong phén tir (Goh et al.,
2012).

Su phét hién ra gene méa hda enzyme acyl-lipid thioesterase 2 (ALT2) ¢ Arabidopsis
thaliana c6 hoat tinh thity phan 3-ketoacyl-ACP chudi ngin (8C, 10C) (Pulsifer et al., 2014) la
tién dé& dé ching tdi cai bién con duong bién dudng trong E. coli hudng dén tong hop cac
methylketone chudi ngén. Nam 2015, Khuat, Do, va Nguyen da biéu hién vuot mac gene ALT2
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trong E. coli C41(DE3). Chung E. coli tai to hop nay c6 kha nang str dung co chit sin cd trong
té bao dé tdng hop va tiét ra méi truong nudi cdy cac 3-ketoaxit va sy decarboxyl héa céc 3-
ketoaxit nay & nhiét do cao dan dén su tao thanh cac san pham cubi methylketone chudi ngan
turong (ng. Trong nghién cttu ndy va cac nghién ciru khac da cong bd, chung E. coli chi biéu
hién hodc ALT2 hoac SAMKS2 va vi vay dich nudi cy thu duoc sau khi 1én men can duoc dun
néng & nhiét dd 75°C méi chuyén héa toan bo 3-ketoaxit sinh ra thanh 2- methylketone (Khuat
et al., 2015). N6i cach khac, san pham cubi methylketone chudi ngan khong dugc téng hop truc
tiép bai E. coli ma da dugc tong hop glan tiép thong qua viéc decarboxyl héa cac 3-ketoaxit do
E. coli sinh ra trong moi truong nu0| cay & 75°C. Dé thay thé budc xir ly nhiét, hudng dén viéc
san xuit methylketone chudi ngian hoan toan bang con dudng bién dudng sinh hoc, viéc dong
biéu hién ALT2 véi mot protein c6 hoat tinh 3-ketoaxit decarboxylase cé gitp chuyén hda truc
tiép 3-ketoaxit thanh methylketone? Thém vao d6, enzyme ShMKS1G129W, dang dot bién
thay thé axit amin G (Glycine) tai vi tri 129 bang axit amin W(Tryptophan) trén ShMKS1, hoat
dong hiéu qua gap 44 1an so voi ShMKSTI trén cling co chat 3-ketoaxit chudi ngan (Auldridge
et al., 2012), vi vay co thé nghién ciru dong biéu hién enzyme ShMKS1G129W véi ALT2 dé
thir nghiém tong hop methylketone chudi ngan hoan toan bang con duong chuyén héa sinh hoc.

Ngoai ra, dé cai thién hiéu suat dich ma, dan dén viéc tang san lugng methylketone tao
thanh, cac protein ALT2 va ShMKS1G129W can phai duoc t6i vu ma di truyén cho ph hop
vé6i hé thdng biéu hién E. coli. Thém vao d6, cac hé thdng biéu hién khac co thé dugc xem xét
thir nghiém dé chon loc hé théng té bao cha phii hop cho viéc san xuat methylketone dat ham
luong cao.

Trong tat ca cac nghién ctu vé ki thuat bién dudng dé san xuat methylketone, san pham
methylketone sinh ra 1a mot hn hop céc methylketone khac nhau vé chiéu dai chudi va muac
d6 oxy hoa caa khung carbon. Viéc nay giy kho khin cho viéc tach riéng ré ting hop chat
methylketone dé phuc vu cho céc g dung khac nhau. Mot cau hoi khac duge dit ra 1a 1am sao
tong hop duoc methylketone cé chiéu dai hoic mic do oxy hoa cua khung carbon nhur mong
muén théng qua su cai bién co dinh hudng trinh tu axit amin cia cac enzyme MKS2 nay. Viéc
tim kiém va phan lap thém cac gene MKS2 & cac loai thyuc vat khac nhau da va dang gép phan
lam phong phl thém bé suu tip cac enzyme MKS2, trong d6 mdi enzyme sé& c6 tinh dac hiéu
co chéat khac nhau. Ngudn enzyme MKS2 da dang nay 1a co sé dé phan tich va xac dinh cac
axit amin c6 vai trd quyét dinh tinh dac hiéu cua enzyme véi co chat 3-ketoacyl-ACP. Cu thé,
tién hanh so sanh trinh tu axit amin cia cac protein MKS2 tuong dong nay véi nhau, dong thoi
tién hanh so sanh san pham methylketone tao thanh c6 thé cung cap thdng tin vé méi lién quan
giita cac thay doi trong trinh ty axit amin cua protein MKS2 vai cac chiéu dai chudi carbon cua
san pham methylketone tao thanh. Trong twong lai, néu viéc phan tich cau trdc caa enzyme
MKS?2 thanh céng, chiing t6i hy vong 1a cé thé tao ra nhitng dot bién diém dinh huéng nham
thay ddi cau trdc ciia enzyme MKS2 theo huéng hoat dong hiéu qua véi cac co chat 3-ketoacyl-
ACP chudi ngan hon hodc dai hon mét cach chu dong, dap tng cac nhu cau wng dung khac
nhau ctia nhém hop chat nay.
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