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Tom tat

Yarrowia lipolytica (Y. lipolytica) 13 loai nAm men sinh dau (oleagmous) ndi tleng, ¢6 kha nang phan giai. nhiéu loai
co chét ky nudc khac nhau. Pic tinh nay cho phép ndm men san xuat hiéu qua mot sb luong 16n cdc san pham chuyén
hoa c6 gié tri nhu protein, peptide, axit amin, khodng vi lugng, vitamin, carbohydrate va dau don bao (single-cell oil,
SCO). Nh¢ vao kha nang trao d01 chét manh m& va tiém ning tich liy lipid cao, Y. lipolytica da ndi 1én nhu mot vat chu
tiém nang dic biét trong sinh tong hop carotenoid. Ky thuat diéu bién trao do6i chat (metabolic engineering) trén Y.
lipolytica dugc thyc hién bang cach thiét ké va ung dung cac cong cu di truyen tién tién nhu plasmid/vector, cac thanh
phan dleu hoa biéu hién gen, ciing v0i cac giai phap t6i wu hoa hé thong nham cai thién hiéu suat cua toan bo con dudng
sinh tong hop muyc tiéu. Trong bai tong quan nay, cac tac gia thao luén chi tiét Ve mot s6 yéu to diéu hoa gen chii chdt va
céc cai bién trao doi chat da duoc 4p dung dé nang cao hiéu suit qua trinh sinh tong hop mot sb loai carotenoid quan trong
nhu lycopene, B-carotene va astaxanthin trong Y. lipolytica.

Tuwr khoa: Yarrowia lipolytica, trao ddi chét, téng hop sinh hoc, carotenoid, cai bién trao d6i chit

Abstract

Yarrowia lipolytica (Y. lipolytica) is a well-known oleaginous yeast capable of eficiently degrading a wide range of
hydrophobic substrates. This characteristic allows the yeast to successfully produce a large number of valuable
metabolites, including proteins, peptides, amino acids, trace minerals, vitamins, carbohydrates, and single-cell oils (SCO).
Due to its robust metabolic capacity and high lipid accumulation potential, Y. lipolytica has emerged as a promising host,
particularly in the field of carotenoid biosynthesis. Metabolic engineering in Y. lipolytica is performed by designing and
applying advanced genetic tools such as plasmids/vectors, gene-expression regulatory components, along with system-
wide optimization strategies. The goal of these interventions is to improve the efficiency of the entire target biosynthetic
pathways. In this review, the authors discuss in detail the key gene regulatory factors and metabolic modifications that
have been implemented to improve the biosynthesis efficiency of important carotenoids such as lycopene, -carotene,
and astaxanthin in Y. lipolytica.
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1. Giéi thi¢u

Y. lipolytica, trude day dugc goi 1a Candida
lipolytica, ~Endomycopsis lipolytica hoac
Saccharomycopsis lipolytica, thudc giéi Nam
(Fungi), phan gi61  Dikaryota, nganh
Ascomycota, phdn nganh Saccharomycotina,
16p Ascomycetes, phan 16p Saccharomycetes
(Hemiascomycetes), b0 Saccharomycetales.
Loai ndm men ndy c6 kha ning sinh truéng trong
nhiéu loai méi truong khac nhau va thuong duge
tim thdy trén cac loai thuc pham, trong nudc bién
va trong rudt mdi [1].

Y. lipolytica dugc coi 1a vat chu tiém ning
trong cong nghé sinh hoc nho cac dic diém trao
d6i chat doc dao va kha nang thich g linh hoat
v6i diéu kién nuoi trong cong nghiép [2]. Mic
du céc vét chii tiéu biéu khéc nhu Escherichia
coli, Saccharomyces cerevisiae va
Corynebacterium glutamicum, da dugc st dung
rong rii trong cong nghé sinh hoc thyc pham va
dugc pham, Y. lipolytica nbi bt véi nhiéu loi thé

riéng biét. Pau tién, Y. lipolytica s& hitu cac
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enzyme cytochrome ndi sinh (CYP P450) va
UDP-glucose glycoprotein
glucosyltransferase ndi sinh. Cac enzyme nay hd

enzyme

trg viéc bién ddi va tiét protein trong ludi noi
chat, tao ra kha niang xir Iy protein twong tu nhu
& sinh vat nhan chuin bac cao. Thém vao do, té
bao co kich thudc 16n gitp qua trinh tach chiét
tré nén dé dang. Thir hai, Y. lipolytica c6 kha
nang duy tri ham lugng acetyl-CoA ndi bao cao
[3] va s hitu con dudng trao dbi chét
mevalonate (MVA), cho phép cung cip tién chat
tryc tiép cho sinh tong hop isoprenoid [4]. Hé
gen clia nd ¢6 thé chinh sira chinh xac bang cong
nghé tién tién nhu CRISPR-Cas9 [5]. Thi ba, Y.
lipolytica 1a mot loai nAm men GRAS (Generally
Recognized As Safe), cho phép sir dung an toan
trong cong nghiép thuc pham. Pic tinh n6i bat
khéc 1a kha nang chiu dugc nhiéu dang stress
mdi truong, bao gom dung méi hitu co (alkane),
moi truong axit, va do man cao [3] (Bang 1).
Nho nhiing wu diém nay, Y. lipolytica 13 Iya chon
1y tudng cho céc ung dung cong nghi€p quy mo
16n.

Bang 1. So sanh mét sd dic tinh sinh 1y, trao d6i chat va sy an toan cua Y. lipolytica, E. coli, S.
cerevisiae va C. glutamicum st dung 1am vat chii (host) dé san xuét cac hop chit ty nhién [6].

H¢ thong E. coli S'. . C . . ¥ .
: cerevisiae glutamicum lipolytica

GRAS (dugc cong nhéan an toan) Khong Co Co Co
Xoang hoa ndi bao (Cellular compartmentalization)  Khong Co Khong Co
Cong cu di truyén san c6 (Genetic tools availability) ok ok * ok
Kha nang jchao tac trén h¢ gen (Genome sk sk * sk
manipulation)
Tién chat terpenoid (acetyl-CoA / HMG-CoA flux) * *x * otk
Tién chat polyketide (malonyl-CoA) * *x * otk
Cuong do biéu hién enzyme mang quan trong trong * sk x sk
tong hop hop chat ty nhién
Pa dang san pham ty nhién otk otk * kx
Ham luong lipid cho Iuu trit hop chat tu nhién ky " " % ok
nudc
San xudt amino acid thom *x *x otk *x
Kha nang tiét (efflux) san pham ty nhién *x *x Khong otk

Ghi chu: *** = muc to1 da, ** = muc trung binh,

* = muc to1 thiéu
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Carotenoids, gdm cac hop chét hinh thanh tir
isoprene, 1a nhém sic t6 tu nhién da dang véi
mau sic ryc 1§, tham gia vao qué trinh quang
hop, bao vé té bao khoi ton thuong do anh séng,
va dac biét co tinh chéng oxy héa manh, tdt cho
sttc khoe con ngudi. Nho nhiéu hoat tinh sinh
hoc nhu chéng oxy hoa, chéng ung thu, bao vé
thi luc, carotenoids dugc trng dung rong rai trong
thyc pham, dugc pham chirc ning, my pham va
ndng nghiép [7].

Dén nam 2026, quy md thi truong carotenoid
toan cau duoc dy bao s& dat khoang 1,85 ty
USD. Trong giai doan tir 2024 dén 2032, thi
truong nay tiép tuc ting trudng voi toc do ting
truong kép hang nam 13 4,5%, va du kién dat gia
tri khoang 2,43 ty USD vao nam 2032. Hién nay,
cac nha khoa hoc da xac dinh dugc khoang 1.158
loai carotenoids khac nhau, c6 ngudn gbc tir 691
loai sinh vat. Tuy nhién, chi mdt sO rat it trong
s6 d6 co gia tri thuong mai nhu lycopene,
astaxanthin, zeaxanthin va lutein [8].

Hién tai, nguén carotenoids thuong mai chu
yéu duoc cung cip tir chiét xudt (tir thuc vat va
vi tao) va tong hop hoa hoc. Tuy nhién, céc
phuong phéap truyén thong nay c6 nhiéu han ché:
chiét xuét tir thuc vat co hiéu suét thép, phu
thudc mua vy, chu ky sinh trudéng dai va chi phi
nudi tréng cao. Trong khi d6, tong hop héa hoc
thuong tao ra hn hop dong phan khéng mong
mudn va it duoc wa chudng trong thuc pham. Do
do, cc quy trinh phirc tap va tén kém nay dang
dan dugc thay thé bang cach tiép can sinh hoc
tong hop (synthetic biology). Phuong phap nay
sir dung cac “module sinh hoc” 1ap rép sén, nham
san xuat hiéu qua cac hop chit muc tiéu [9]. San
xuét carotenoids bang vi sinh vat trd thanh mot
giai phap bén viing thay thé dan phuong phép
truyén thong. Cung véi sy tién bd cua ki thuat
chuyén hoa, cac nha khoa hoc da phat trién nhiéu
hé théng “nha may té bao” (microbial factory)
dé tong hop carotenoids bang cach tich hop va
tinh chinh cac con duong sinh téng hop di dong

trong nhiéu vat chii khac nhau. Bai bao nay s&
gidi thiéu khai quat vé mot sb thanh tyu ndi bat
trong viéc sir dung ndm men Y. lipolytica cii
bién di truyén nhu mot nha may té bao vi sinh
vat hiéu qua dé tong hop cac hoat chat
carotenoid.

2. Mot s6 yéu to diéu hoa biéu hién gen &
Y. lipolytica

Mot hé thong biéu hién gen hiéu qua phu
thudc vao cic yéu t6 didu hoa chinh xac, bao
gom trinh ty khoi dong phién ma (promoter),
yéu td diéu hoa, gen danh ddu chon loc (selection
marker) va trinh ty két thic phién ma
(terminator). Viéc t6i wu hoa va két hop cac yéu
t6 nay cho phép kiém soat chit ché murc do biéu
hién, dac hi¢u khong gian-thoi gian va do on
dinh cua gen muyc ti€u, tir d6 cai thi¢n dang ké
tiém ning ung dung cong nghiép cua Y.
lipolytica.

2.1. Trinh tw khoi dpng (Promoters)

Promoter 1a mot trinh tw DNA nam phia trude
gen, 1 ving gan vdi cac yéu t6 phién ma dé khai
dong quéa trinh phién ma. O Y. lipolytica,
promoter thudng bao gdm nhiéu yéu t6, trong d6
c6 vung promoter 161 chtra hdp Pribnow
(TATAAT) va vung kich hoat phia trudc (UAS).
Hop TATA 1a trinh tu bao ton cao, lién két véi
TBP (TATA-binding protein), dong vai tro diéu
khién qua trinh khoi dau phién ma. Trong khi do,
UAS la ving tang cudng (enhancer) ndm cach
diém khoi dau phién ma (TSS) hang trim cip
nucleotide (bp), ¢6 chirc nang diéu hoa theo cach
phu thudc vao khoang cach [10]. Cac nghién ctru
gan day di xay dyng thu vién promoter véi cac
mirc d6 phién ma da dang, cung cip ngudn tai
nguyén quy gia cho ky thuat di truyén trén Y.
lipolytica. Trong s cac promoter dic trung,
pXPR2 la promoter manh dau tién dugc phat
hién tir gen XPR2 (mi héa protease kiém ngoai
bao). Tuy nhién co ché diéu hoa phc tap khién
viéc ing dung né trong cong nghiép bi han ché.
Nguoc lai, pTEF 1a promoter manh cau thanh,
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bat ngudn tir gen ma hoa yéu td kéo dai dichma  bai erythritol). Bén canh d6, promoter lai hp4d
EF-lo, hién dugc xem 13 promoter duwoc tng  (chtra nhiéu ban sao UAS tir pXPR2) dugc sir
dung phd bién nhéat. Ngoai ra, nhiéu promoter  dung rong rai cho biéu hién gen ngoai lai. Hién
noi sinh khac nhu pGAP, pICL, pIDH2, pFAS1,  nay, nhiéu promoter nhin tao da duoc thiét ké,
pDGA1, pACC, pPOX4... ciing di duoc khai  bao gdm cic promoter cam tng boi ion dong
thac v6i cac mirc do biéu hién khac nhau. Cac  (Cu?*) hodc dudng erythritol, cho phép diéu
promoter loai cam mg (inducible) cling rit quan  chinh manh mé va linh hoat hoat dong phién ma
trong, tiéu biéu 1a pPOX2 va pPOT1 (cam ung  trong Y. lipolytica [11, 12, 13, 14, 15, 16].

bdi acid béo va alkane) hodc pEYKI (cam ung

Core promoter

Promoter
sequences

Upstream Activating Sequences

M Promoters
Terminators

M Regulatory Sequences

M Replication Origins

M Selectable Markers
Primers

I Miscellaneous

M Restriction Sites

Hinh 1. Céc yéu t6 didu khién sy biéu hién gen trong plasmid tai t6 hop dwoc & sir dung & chung nim Y. lipolytica.

Trong do:
Hop Pribnow c6 chira trinh tw TATAAT (Pribnow box), 1a diém gin ciia o-factor (sigma subunit) d& RNA polymerase khoi dau phién ma.
Trinh ti hoat hoa upstream (UAS), trinh ty khéi dau phién ma (TSS) [16].
Promoters: trinh tu khdi dong.
Terminator: trinh tu két thuc.
Regulatory sequences: trinh tu didu hoa.
Replication Origins: trinh tu khi dau sao chép.
Selectable marker: gen chon loc (khang khang sinh).
Primers: trinh tuw mdi.
Restriction sites: trinh tur cit cho enzyme gi¢i han.
Miscellaneous: cac trinh ti khac.
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2.2. Trinh tw két thiic (terminators)

Terminators la cac trinh ty DNA c¢6 vai tro
bao hi¢u két thiuc qua trinh phién ma, dam béo
mRNA dugc tao ra 6n dinh va hoan chinh. O Y.
lipolytica, nhiéu terminator c6 ngudn gdc tir S.
cerevisiae c6 thé hoat dong hiéu qua, cho théy
kha ning chuyén doi loai cao. Trong sb cac
terminator ndi sinh, XPR2t va LIP2t duoc su
dung pho bién nhét. Tuy nhién, viéc sir dung lap
lai qua nhiéu mot loai terminator ¢ thé gay ra
tai to hop tuong dong (HR). Xu hudéng méi hién
nay tap trung vao viéc phat trién cac terminator
tong hop nhan tao nhuw GUO1t hay SYNTHt véi
kich thudc ngan hon, hiéu qua cao hon va gitip
giam nguy co HR. Day 1a mét linh vuc tiém ning
nham tang cuong do on dinh cua dong bién nap
cling nhu don gian héa ciu tric cassette biéu
hién [13, 17].

2.3. Dédu chudn chon loc (Selection markers)

Dau chudn chon loc dong vai tro quan trong
trong viéc phan biét cac dong té bao bién nap
thanh cong. O Y. lipolytica, c6 thé sir dung ca
marker khuyét dudng (auxotrophy) 14n marker
khang khang sinh. Trong d6, cac marker khuyét
dudng pho bién nhit 1a LEU2 va URA3; dic
biét, URA3 ¢4 tinh hitu ich cao vi co thé loai bo
bang 5-FOA, cho phép tai sir dung trong nhiéu
vong bién nap. Ngoai ra, cic marker khang
khang sinh nhu hygromycin B va nourseothricin
cling da dugc &p dung. Nhitng marker nay la
cong cu thiét yéu cho nhiéu vong bién nap lién
tiép, hd tro hiéu qua cho céac giai phap chinh sta
da gen [13, 17, 18].

3. Cai bién trao ddi chat va tong hop mot sb
loai carotenoid & Y. lipolytica

Céc con duong sinh tong hop carotenoid bat
dau tir con duong mevalonate (MVA pathway)

(Hinh 2), dugc chia thanh ba giai doan chinh.
Giai doan cung cip tién chit Isoprenoid: Tir tién
chat acetyl-CoA, qué trinh tong hop dién ra
thong qua cac enzyme ERG10, ERG13, tHMGI,
ERG12, ERG8 va ERG19 xtc tac dé tao ra cac
chit trung gian quan trong nhu mevalonate,
mevalonate-P, mevalonate-PP, 1di tiép tuc qua
IPP (isopentenyl diphosphate) va DMAPP
(dimethylallyl diphosphate). Giai doan hinh
thanh khung carotenoid: Cac phan tir IPP va
DMAPP sau d6 dugc enzyme ERG20 va GGS1
xuc tac dé tao ra FPP (farnesyl diphosphate) va
GGPP (geranylgeranyl diphosphate), 13 tién chat
tryc tiép cho sinh tong hop carotenoid. Giai doan
phan nhanh va da dang héa san pham: Trong
nhanh carotenoid, GGPP duogc CrtB xuc tac
thanh phytoene, sau d6 chuyén hoa thanh
lycopene nho enzyme Crtl. Lycopene 1a hop
chat trung tdm, tir 46 phan nhanh thanh nhiéu
carotenoid khac nhau. Lycopene c6 thé chuyén
thanh B-carotene nho enzyme CrtY va pB-
carotene tiép tuc duoc bién d6i thanh zeaxanthin
(qua CrtZ va CrtW) hoic astaxanthin (qua chudi
phan tng do CrtW va CrtZ xUc tac tao ra
echinenone, canthaxanthin, adonixanthin,
adonirubin). Ngoai ra, lycopene ciing c6 thé
chuyén hoa thanh a-carotene nhd enzyme Olucy,
roi tiép tuc thanh lutein vdi sy ¢6 mét cua cac
enzyme LUTI va LUTS. Nhu vay, con duong
MVA cung cap tién chat acetyl-CoA, NADH, va
ATP dé tao thanh céc isoprenoid, tir 6 hinh
thanh carotenoid da dang, bao gdm lycopene, p-
carotene, a-carotene, lutein, zeaxanthin va
astaxanthin. Day 13 co s¢ quan trong dé khai thac
Y. lipolytica trong ky thuat di truyén va cong
nghé¢ sinh hoc nhim ting cuong san xuét
carotenoid c6 gia tri cong nghiép va dugc pham
(3, 6,19, 20, 16].
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Hinh 2. Téng quan cac con dudng tong hop carotenoid.

Trong d6: ERGI10, acetoacetyl-CoA thiolase; ERG13, HMG- CoA synthase; tHMGI, truncated HMG1; ERGI12,
mevalonate kinase; ERG8, phosphomevalonate kinase; ERG19, mevalonate diphosphate decarboxylase; IDI, isopentenyl
diphosphate isomerase; ERG20, geranyl/farnesyl diphosphate synthase; IPP, isoprene diphosphate; DMAPP,
dimethylallyl diphosphate; FPP, farnesyl diphosphate; GGS1, geranylgeranyl diphosphate synthase; CrtB, phytoene
synthase; Crtl, phytoene dehydrogenase; CrtY, lycopene cyclase; CrtW, PB-carotene ketolase; CrtZ, B-carotene

hydroxylase [19, 20, 16].

Cho t61 nay, nguoi ta da xay dung dugc mot
s6 giai phap k¥ thuét tac dong 1én chudi chuyén
hoa trao doi chit nham ting cudng san xuét
phytoene va lycopene & Y. lipolytica. Glucose di
vao con duong duong phan (EMP pathway) tao
ra DHAP, G-3P va sau d6 chuyén thanh
glycerol-3-P. Dong chuyén hoa nay cé thé dugc
diéu chinh bang cach trc ché enzyme GUT2 hoic
tang cuong GPD1 nham t6i wu phan b ngudn
carbon (carbon flux optimization). Acetyl-CoA
dong vai tro trung tam, vura tham gia vao chu
trinh TCA, vira cung cadp tién chat cho con

duong mevalonate (con duong MVA). Trong
nhanh chuyén héa MVA, ham lugng ciia nhiéu
enzyme then chét bao gom HMGI/HMG,
ERGS8, MVDI, IDI va ERG20 da dugc nang cao
hon so v&i chung dai (wild type) nham phuc vu
tong hop nhiéu hoat chat dich. Bén canh dé, cac
enzyme nhu ACL1/ACL2 gitp ting cudng tong
hop acetyl-CoA tir citrate, trong khi trc ché
AMPD lam gidam dong chay trung gian TCA,
nho d6 duy tri lugng tién chét cho sinh tong hop
carotenoid (Hinh 3) [3, 6, 14, 19, 20, 16].
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Hinh 3. Cac giai phap trao ddi chat nham tong hop phytoene va lycopene.

Trong d6: cac gen duoc danh ddu mau do: ting cuong biéu hién hodc cai vao chudi trao ddi chét. Trong sé nay, IPK va CHK
duoc cai vao con dudng TUP. Céc chit viét tat: DHAP, dihydroxyacetone phosphate; G-3-P, glyceraldehyde-3-phosphate;
GUT?2, glycerol- kinase; GPD1, glycerol-3-phosphate dehydrogenase; LPA, lysophosphatidic acid; DAG, diacylglycerol;
TAG, triacylglycerol; FFA, free fatty acid; POX1to POX6, acyl-CoA oxidases 1-6, respectively; DGAI1, acyl-CoA:
diacylglycerol acyltransferase 1; DGA2, acyl-CoA: diacylglycerol acyltransferase 2; ACL1, ATP-citrate lyase 1; ACL2,
ATP-citrate lyase 2; MVDI, mevalonate pyrophosphate decarboxylase; IPK, isoprenyl - phosphate kinase; CHK choline
kinase; IUP, isopentenol utilization pathway; AMPD, AMP deaminase; CrtE, GGPP synthase [3, 16, 19, 20, 23].

Tir cc tién chat IPP va DMAPP, cc bude
tiép theo duoc xic tac boi enzyme GGS1/CrtE
dé hinh thanh GGPP, sau d6 CrtB va Crtl lan
lugt xuc tac tao thanh phytoene va lycopene.
Ngoai ra, viéc diéu chinh cic enzyme lién quan
dén chuyén hoa lipid nhu DGA1/DGA2 va tc
ché B-oxidation théng qua POX1-6 gitp tang du
trit acetyl-CoA, gop phan nang cao hiéu qua san
xudt lycopene. Tém lai, cac cai bién di truyén
dugc danh dau d6 trong hinh cho thay sy phoi
hop giita trc ché canh tranh dong chuyén hoa va

tang cuong nhanh sinh tong hop dich, tir d6 tdi
vu héa san lugng carotenoid mong mudn.

Déi v6i tong hop lycopene: nhiéu cach tiép
can da dugc ap dung nhu biéu hién cac gen CrtE,
CrtB, Crtl, két hop ting cuong HMG1, GGSI,
dong thoi x6a cac gen canh tranh nhu POXI—
POX6, GUT2 [21]. Nghién ciru sir dung két hop
mo hinh FBA va thiét ké Plackett—Burman dé tdi
wu moi truong san xuat lycopene ¢ nidm Y.
lipolytica cai bién di truyén. Hai loai méi trudng
dugc thiét ké cho thay hiéu sudt tong hop
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lycopene lan luot dat 126 mg/L va 242 mg/L
trong nudi cay kiéu fed-batch. Két qua phién ma
cho thidy sy biéu hién cic gen di dong
(heterologous expression) dugc ting cuong
trong moi truong dya trén FBA, diéu nay da
chung minh tinh chinh xac cia mo6 hinh. Cong
trinh nay da gop phan thuc day tng dung mo
hinh hé gen trong tdi wu hoa san xuét lycopene
va terpenoid & ndm men cong nghiép [22]. Mot
s6 nghién ciru khac tap trung vao viée khoi phuc
dot bién khuyét dudng va ting cudong gen trong
con duong MVA nhu MVDI, ERGS [5]. Vi dy,
nghién ctru nham t6i wu hoa con duong IUP
trong Y. lipolytica da gitip tang manh ham lugng
tién chat IPP + DMAPP va thiic ddy dang ké su
tich lity lycopene. Viéc b sung acid béo ngoai
bao va diéu chinh tinh ky nuéc cua té bao di cho
phép tiép tuc nang cao ham lugng isoprenoid. Sy
phdi hop cac giai phap k¥ thuat nay giap dat
ndng do lycopene 1én t6i 4,3 g/L [24].

Dbi véi p-carotene: cac giai phap ki thuat chi
yéu dugc nhom nghién ctru ciia Yang va cong su
sir dung bao gébm dua vao con duong IUP, ting
cuong ham lugng cac enzyme HMGI1, GGS1,
CarRP, CarB va tich hgp Cre-loxP da cho phép
dat dugc 410,2 mg/L B-carotene [25]. Trong mdt
nghién ctru khéc, viéc xac dinh trc ché co chit
ctia lycopene cyclase 1a diém nghén chinh trong
sinh tong hop carotenoid & Y. lipolytica. Tir 46,
hai giai phap bao gdom: ky thuat protein c¢6 huéng
dan cau trac (tao bién thé Y27R) va diéu tiét ham
luong bang enzyme GGPP synthase, da loai bo
dugc hién tugng e ché va duy tri con duong
chuyén héa tao p-carotene. Cac chung duoc thiét
ké tao [-carotene gén nhu doc nhat voi hiéu suat
rt cao, dat 39,5 g/L trong bioreactor. Két qua
nay cho thay viéc triét tiéu e ché co chit 1a chia
khoa dé tang cuong hidu qua san xuit cic hop
chét tu nhién [26].

Trudng hop astaxanthin: cac nghién ctru biéu
hién gene CrtYB, Crtl, ting cuong HMGI,

GGSI, ddng thoi giam biéu hién SOSI va dua
vao CrtW, CrtZ da cho hiéu suat dat 54,6 mg/L
va 3,5 mg/g trong lugng kho [27]. Trong mot
nghién ctru khac, ban dau nguoi ta st dung
chung Y. lipolytica vé&i con dudng sinh tong hop
B-carotene di duoc tdi wu héa. Ching nay tao ra
331 + 66 mg/L B-carotene trong diéu kién nudi
cdy quy md nho. Tiép theo, cac gen mi hoa P-
ketolase va B-hydroxylase c6 ngudn gdc tir vi
khudn (Paracoccus sp. va Pantoea ananatis) va
vi tdo (Haematococcus pluvialis). Cac chung thu
dugc da duoc sang loc vé kha ning san xut
astaxanthin; trong d6, ching t6t nhit chua p-
ketolase va B-hydroxylase c6 ngudn gc tir vi tao
cho ndng do astaxanthin dat 44 + 1 mg/L. Khi
ching nay dwoc nudi cdy trong bioreactor c6
kiém soat, néng do astaxanthin dat 285 + 19
mg/L sau 7 ngay 1én men trén moi truong phurc
hop chira glucose. Nghién ciru nay cho thay tiém
nang 16n cua Y. lipolytica tng dung trong tong
hop sinh hoc astaxanthin hiéu qué cao [28].

Déi v6i zeaxanthin: nghién ciru téi cAu tric
enzyme va lip rap cac module ciia chudi sinh tong
hop B-carotene dugc tang tr 19,9 1én 422 mg/L,
va nang tiép 1én 536,8 mg/L khi bd sung cac gen
dong
(heterologous expression). Ngoai ra, chuyén gen
crtZ va két hop CrtZ véi RFNRI gitip ting cuong
budc hydroxyl héa, da thu dugc ham luong
zeaxanthin dat mtc 775,3 mg/L trong nudi cdy
binh lic (shake-flask). Két qua nay cho thay Y.
lipolytica 1a nén tang day hira hen cho san xuét

ma hoa con duong mevalonate di

sic td zeaxanthin quy mo cong nghiép [29].

Tom lai, cac giai phap nay cho thay su két
hop giita tang cuong dong tién chat (acetyl-CoA,
MVA), da ban sao gen chu chét, loai bo nhanh
canh tranh va tdi uu héa 1én men 1 nhiing yéu t6
quyét dinh dé nang cao hiéu qua san xut
carotenoid trong Y. lipolytica. Cac thong tin da
trinh bay va mot sb két qua bd sung duoc trinh
bay tom tit trong Bang 2.
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Bang 2. Mot s6 két quéa tong hop carotenoid & Y. lipolytica ci bién di truyén [16]

- 2 - Mg zsp ek . . . Nguon Nong do /
San pham Ky thuat cai bién (Engineering strategies) carbon Hiu suit
Lycopene ]?qa vao con duong IUP, di€u bién tinh ky nudc ndi bao va Glucose 6.5 g/L.
toi uu hoa 1én men
Lvconene  TAng cudng HMGI, GGSI; sit dung 268 rRNA cho tich o fn ! /g/ {;;011121
yeop hop da ban sao CrtE, CrtB, Crtl; taing cuong gen MVA g/g trong
luong kho
Dua vao IUP; tang cuong tHMGR, GGS1, CarRP, CarB;
p-carotene loai bo marker URA va tich hop bang Cre-loxP Glucose 4102 mg/L
Tich hop nhiéu ban sao 14 gen trong con duong MVA 76 o/L: 159
B-carotene (AtoB, HMG, HMGR, ERGS, ERG19, IDI1, ERG20, GGSI, Glucose rn /g D’CW
CarRP, CarB...); loai bd URA3, LEU2, TRP1 ge
Bién thé Y27R cua lycopene cyclase; tang cuong tHMG,
B-carotene GGSI, CarRA, CarB; xay dung bd dicu tiét dong tién chat Glucose 39.5 g/L
GGPPs
. Biéu hién CrtE, GGPPS7, B-ketolase, B-hydroxylase va 285 mg/L; 6
Astaxanthin thay doi s ban sao cua gen biéu hién. Glucose mg/g DCW
Chung tong hop carotene vo1 Crtl, CrtE, CrtYB; dua vao
Zeaxanthin MVAE, MVAMT, chuyén CrtZ; bi€u hién RFNRI va tang Glucose 775.3 mg/L
cuong ham lugng gen ma hoa CreZ
Danh gia 21 B-carotene hydroxylase (PaCrtZ); nhim muc
Zeaxanthin ti€u dén peroxisome; gan RIDD, RIAD peptide vao enzyme Glucose 369 mg/L

PaCrtZ

4. Két luin va dinh hwéng twong lai

Ky thuét diéu bién trao d6i chat ¢ Y. lipolytica
da chimg minh hi¢u qua cao trong viéc tong hop
céc carotenoid c6 gi tri cong nghiép, bao gom
lycopene, B-carotene, zeaxanthin va astaxanthin.
Céc giai phdp nhu ting cuong con duong
mevalonate  (MVA), biéu hién  troi
(overexpression) cac enzyme chu chét (HMGI,
ERGS, ERG19, IDI, ERG20, GGS1), tich hop
da ban sao cac gen sinh tong hop carotenoid
(CrtE, CrtB, Crtl, CrtY, CrtZ, CrtW), loai bd cac
con dudng canh tranh (POXI-6, GUT2), cung
v6i viée sir dung promoter tong hop manh va cac
yéu té didu hoa da gop phan cai thién dang ké
nang suat. Hiéu sut san phém thu duoc da dat
t6i 213 mg/L, 410 mg/L, 285 mg/L va 1én dén
775,3 mg/L lan luot véi lycopene, B-carotene,
astaxanthin va zeaxanthin, da cho thay hiéu qua
vuot trdi cua cac giai phap ky thuat nay [16, 20].

V6i kha nang trao d6i chat lipid manh mg,
phan giai co chét ky nudc, cing hé cong cu di
truyén ngay cang hoan thién, Y. lipolytica dang
ndi 1én nhu mot vat chi vi sinh vat linh hoat phuc
vu san xuat carotenoid & quy md cong nghiép.
Qua trinh sinh tong hop carotenoid & Y.
lipolytica mang lai tiém ning to 16n trong cac
linh vuc thuc phém, dugc ph'fim, my phém va
thity san, dong vai tro 1 cht tao mau ty nhién,
chit chdng oxy héa va tic nhan ting cuong sirc
khoe. Hon nita, kha ning sir dung ngudn nguyén
lidu tai tao va phu pham cong nghiép cua loai
nay phi hop véi dinh hudng san xuét sinh hoc
bén vimg, cung cb vai trd ciia né6 nhu mot nén
tang thé hé méi cho san xut carotenoid gié tri
cao [7, 24].
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Dinh huong twong lai

Chung ndm men Y. lipolytica c6 thé tiép tuc
dugc phat trién thanh mot “nha méy té bao™ hidu
qua dé san xudt carotenoid trong twong lai s& phu
thudc vao hai yéu t6 chinh: Sy tich hop thanh
cong cac cong cy chinh sira va diéu khién di
truyén tién tién (nhu CRISPR/Cas9, promoter
manh, hé théng biéu hién da gen,...) va viéc tbi
uu hoa toan dién toan bo hé théng san xuat (bao
g6m ca con duong trao doi chét, can bang ning
lugng, diéu khién 1én men, va qué trinh thu hoi
san pham). Cong cu CRISPR/Cas9, CRISPRi va
cac mach diéu hoa tong hop (synthetic circus) s&
cho phép kiém soat chinh xac va linh hoat cac
dong chuyén héa, giam thiéu san pham phu trong
khi t6i da hda ham luong carotenoid. Sy tién hoa
thich nghi trong phong thi nghiém va m6 hinh
chuyén hoa toan hé gen c6 thé nang cao d6 bén
vitng ctia chung, cho phép phat trién hiéu qua
trén nhidu co chat tai tao nhu thiy phéan
lignoxenlulo va phu phim cong nghiép. Bén
canh d6, giai phap tao xoang hoa té bao, vi du
thiét ké peroxisome hodc thé lipid, co thé ting
cuong su tap trung tién chat va tich trit san pham.
Cudi cung, viéc két hop k¥ thuat diéu bién trao
d6i chat (metabolic engineering) véi téi uru hoa
quy trinh nudi cy - thong qua 1én men fed-batch
hodc 1én men lién tuc - s& 13 yéu té then chét dé
dat duoc san xuét carotenoid quy mé 16n véi chi
phi hop 1y. Nhiing d6i méi nay sé thic day ung
dung cong nghiép cua Y. lipolytica nhu mot nén
tang bén viing (microbial platform) cho tong hop
sinh hoc carotenoid ban tu nhién [16, 17, 18].
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