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Abstract. Yarrowia lipolytica, as a good cell factory to speed up the production of plant pharmaceutical components, has been
considered to be one of the most important and attractive micro-organisms in recent years, due to its high secretion capacity,
limited glycosylation, large range of genetic markers and molecular tools. Naringenin, as a central core of flavonoids production,
plays important roles both in plants and in the treatment of different types of human diseases. For this purpose, specific
naringenin biosynthesis genes from different origins were selected and introduced after comparative expression profiling in Y.
lipolytica. This research indicated that chs plays the main role in the production of naringenin, so the increase copy number of this
gene in each construct was investigated. The HPLC results confirmed that the construct with 5 copy numbers of chs resulted in
7.14 fold increase of naringenin extracellular titer to 90.16 mg/L in shake flask cultures. The results reported in this study
demonstrated that sufficient knowledge of genes involved in the specific biosynthesis pathway, synthetic gene pathway and using
Y. lipolytica as a capable and cheap host could help bioengineers to produce significant amounts of pharmaceutical components.
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Fig. 1. The general biosynthesis pathway of flavonoids. This pathway begins with the metabolism of phenylpropanoid
in the plastid and performs biosynthesis of end products such as naringenin, taxifoline, kaempferol, edicticol and
epigenin using a series of different enzymes from the endoplasmic reticulum and cytosol. Genes and the biosynthetic

pathway used in this study were shown in the black frame.

Yali bg, 5l eolaal b g Soigmgine )il &jg0 4
Wong ) s gjleailuwen Y. lipolytica L;.. ;o Bricks
oS 51 5K ToS-cu LesS—F cusas slagy; (et al., 2017
5,845 4 (Petroselinum crispum; Pc4cl) (s aa>
oS ;I sl oW «Solanum lycopersicum; Sl4cl)
Hordeum ) s> 5 (Petunia x hybrid; Phchs) Liss
axig oS g0 5l slespl = «vulgare; Hvchs2
Petunia x hybrid; ) Lisw 3 «(Medicago sativa; Mschi)
Gol> oile e bolid sl g was Skl (Phehi
A oolaiwl b slacaS 5 o by slayy (p died 08
9 Yyahea B G093l 5l Jol> Cute @l (o)
ojbo b oad Couly jede gl S o 4 sl )15
05 098 (28 B b carge iz )b adgs Gliee  Slais e
Slp ootws 3 (e cemlie Hlade o Spal s L 5 tal
O )b g )0 (e BB A (sw)p 850 peSe diges
S ol @l el s slitecnl sl ol salys
Rhodotorula 55 e L tal 5 50 L3 slo iags

2 5 sy Ml plelid jolite 4 agh ol 5
SGoobml g e )b wSgd Solg e jisen ileane
accl 4 chi «chs 4cl dal sla ;) omdglio Jolate oL ,>
Yo ol 5o gl olo 0508 5l i85 Glise 35 alis
aS ad eols Hlis yaizen (285 18w, 0,40 lipolytica
L el)l5 09,8 a5 SO laie @ oolaul o)50 ()bjee
Sy e B mie Ol a4 SO WSl S
g S (ewdige o3l slagty; (ol (Jebl slees gl 3
oy guiw gl 51 oslaiwl wsle Foauomy sl Iyl 5l oolawl pae
S5PL s gi BB Hlade wilgi oo bglie (09,500 CiSTL
Sl 8dgd yaioniy U

L gy 9 lge
oolisiwl 3590 (sWB4 g 9 oDy (43

Slpbie o e slays ol ol oles Jdo 4
sy (F5 @b (pFaed ;08 olulis jghaie 4 g oglate
accl 4 chi chs Acl dal o oo )b oy Lol 5 o4e

135/\Y0



Marsafari et al. The optimization of Naringenin biosynthesis using cell culture  Jsko coss™ 5l ool b ¢piomis b ab5igl img (5o dinge + 550 g (500 ko

STy bslie 51 25, See ¥ L E. coli NEB 50 51,
S35 2 9 b el (Gl Seb gy jleslital b (g
a4 kel S S Vo sl SUalg ek
s Bl STy e et caaS bl S e olgie
oSk Ve sl ksl e Lo o IS Y oS
KONV FRYLIVC IR & G EPEWOR RV K SR SO o8
GENWIZ =510 & b J5 sl 5 o sopalls Lsose
330 Soss S w5l e wad Jite (Sl o)
a4 sl o a5 YaliBrick § KisglSolu g, 5l oolitwl b ¢ o)
&5 @l 5l 4l 5 chi chs glagys g tal (5 ws aslby, of
Joas Hglieyi g ol gagn Lix b Sy 2 5 s
B 359 00355 dandly 50 (g yummngign )LL)

oy 5l sy 55 PYLXP? a5 pYaliBrick slasedl ;o
Skl b agSanl B Slamil dfilr oz gy et
yobie o Sl jsbas (Spel g Xbal Nhel Avrll) 5L,
Wl Solidar b & o5 WS I3 6928 4 ) (ecas
oSy a1y ol (S5 o Slae 5 90,5 51,8 oslisil 950
L 5 (Fiadsm Sy fmgize sl Sl & j50 4 DNA clelad
,» (Wong et al., 2017) ol acS wal,s QIS 55 slaaigs
Slop il b S50 ()5 eaims sladendly logas iogh ol
008 il 13 dpandly a5 Jl= o wias eols s Avrll/Sall iy
Olaksd s 50 w2 NDEI/SED slaes 5T L s g0 lakad
&5 ombl Loy GBS T4 hgy 5l eslmd L 55
L NS Gpglaer eanSEal s dendly )3 Sy engige
OF 4 Soslanr 5 55 oibe i, and ln Sl (s
—ole 8 g 4 g oendl S o PC4cl2; Mschi Phchs
Gop 5l &S MSChi 5 asdad ol deosle ple (gl SosglS
093595 by syl L PYLXP’-Mschi o el
Sy lmpl ol o oe el Cuws 4 Avrll/Sall
o 5 3,y PYLXP?-Phehs sas'eél s awesd Nhel/Sall
PYLXP™- oo aaudly o8 5 Siislole lts o
Sy Glmpl Jme o 55 asewd ol Phchs-Mschi
5l ol PCACI2 5 axkad (gl oaisSedly o lsie 4 Nhel/Sall
L PYLXP’-Phchs-Mschi-Pc4cl awewdl g suondl puan
OB sy sl b eols sy PPCAPRSMSI (g lazs! b
o 3l ol Canss &y RUtAl 5505 (et 6 g (liee 2 020565
o9, @ AvrllfSall s, slows 31 L pPYLXP’-Rital sedl
dedy Nhel/Sall  slogw 3l oy Ko j0 oad 53
A5 oyly PYTASE oeds odg sl 5 PPCAPhSMsI
oy [S3Y Jgao jo 5u855 ol 40 colaiul 5,90 (sldendl

Jiang et al., 2005; Lv et ) (Rttal ,Laxs! «) toruloides
al, 2019b; Santos et al, 2011; Zhang &
Ol » (Stephanopoulos, 2013; Zhang et al., 2017
235 513 omin 90 ok il i )b oy

@lolis 5 Tnpls gl (B Gl el jokiie o
05 Ol Rl e b adss Gl sl G5 e Cree
Ylaccl 5 6L L Y. lipolytica calisee b aw 5l @ccl
Corynebacterium glutamicum ATCC cois p,5 5251
Escherichia e 5 5,550 5 Cgaccl 5 b L 13032
5 Ecaccl 5 .ab bl Ecaccl 5 o6 L coli MG1655
Jz5 EcaccD 4 EcaccC [EcaccB EcaccA 5 k>
Ec_accABCD 35 aiss &jpo 4 Guizs opl [0 45 o0l
IR o ome OF @B 5 ab ol Slayse by o
»oke e GRagh ol )2 sy 990 slag) ples 285
- e sla,T5lel g oo plesil o908 Y. lipoytica \Lje
Integrate DNA Technology <5 ,s lwg gl eass
onl 5o oolatul 5,590 sy ol yuww (IDT), lowa, USA
Ol g eolaiwl 050 duendl ailoas 11 Jaam o iegh
oo ulisl L glhe S a5 sy PYLXP’ (Gubss
Xu et al., 2016) sg ooiss,loeS § >,k YaliBrick
5 =55 o>l,b sl Escherichia coli NEB 50 (s ,:sL
4 Y. lipolytica PO1g jesw g Gon slaacewdl (5l
ool i B ads gl Ol Olsie
Gz pmn (>5b

Sy gy 5l Se e sl sleaedl cale ol
Ly o5 2 slr PCR) Sy ooy (255Ty o) 2
wdd b Sy g cd, colaisl sle ST 51 solil
Gilwlaz oS 5l eolanul b STy o 00,418 5 ol sl
DNA concentrator-5 kit, ) DNA
Sodb b adss g gjlwlas (Zymoresearch, USA
-oo» Kpnl g SnaBl sy slaes 31 51 eoliswl L pYLXP

clean&

3 Gt ol o colaiul 050 o g Slaas 5l pled .ol ools
Thermo Fisher Scientific, Massachusetts, USA.s ,%
58T U5 5599058l Lawgs oo eols iy lakad ool as
Siblaz J5 59, 5 faissge anlad e g 00l S00S0
DNA gel ) DNA olahd cobib coS hwg 9 ol
5 om a obsb (recovery Kit, Zymoresearch, USA

03,9l,8 s a0 slayy sal> suend adg lp
ool b aansdly 00y (s anlad gl el (sloyuz ST
Sl G 80D e S0y 4y GgmeS 1Sl ]

136/\Y'#



Nova Biologica Reperta 7(2): 133-144 (2020) OYAD VTNFE Y o)l oV ol g psle 10 g slaazil

Loals oli:lg: 05 olead g o) 0l =Y Joue
Table 1. Name, source and number of each gene in data source.

o™r9) &z S5l g oyl & O3
(Anson et al., 1987) NCBI: AAA33883 Rhodotorula toruloides RtTAL
(Wu etal., 2013) UniProtkB?2 P14912 Petroselinum crispum (parsley) Pc4cl
(Alberstein et al., 2012)  NCBI: NP_001333770 Solanum lycopersicum Sl4cl
(Wu etal., 2013) NCBI: AAF60297 Petunia x hybrid PhCHS
(Christensen et al., 1998)  NCBI: Q96562 Hordeum vulgare HvCHS2
(Wu etal., 2013) NCBI: P28012 Medicago sativa MsCHI
(van Tunen etal., 1988)  NCBI: P11650 Petunia x hybrid PhCHI
GRYC: YALIOC11407g1 1 Yarrowia lipolytica Polf YIACC1
(Zhu et al., 2014) NCBI: NP_599932 and Corynebacterium glutamicum ATCC CgACC1
AUI00288 13032
(Wong et al., 2017) NCBI: NC_000913.3 ¥ Escherichia coli DH 5a EcACC1

Do & 5 ool =Y asies (hitps://www.uniprot.org/help/uniprotkb) UniPortKB g (hitps://www.ncbi.nim.nih.gov/) NCBI 5 slessls ol s 4 Y g )
Syg0 mdy o 5 4 NCBI slaosls oL j0 2 o colais! glaoleds .ol oals JoSis acCD 4 accC accB accA slayj 5l g 958 o0 9SACCABCD  jaiss
NC_000913.3:c2433926-2433012 .NC_000913.3:3405917-3407266 .NC_000913.3:3405436-3405906 .NC_000913.3:208621-209580 :-..cl

1 and 2 are NCBI (https://www.ncbi.nilm.nih.gov/) and UniPortKB (https://www.uniprot.org/help/uniprotkb) gene data bases, respectively. 3- This
gene encoded by the accABCD operon and included accA, accB, accC and accD genes. The specific accession number of each gene is:
NC_000913.3:208621-209580,  NC_000913.3:3405436-3405906, NC_000913.3:3405917-3407266 and NC_000913.3:c2433926-2433012,

respectively.
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