[ Downloaded from gebsg.ir on 2025-12-22 ]

[ DOR: 20.1001.1.25885073.1394.4.1.4.2 ]

9 oW o1 g Olime 9 Ol39hS” 9 SIS (Sl yginmd! b 56
Artemisia annua ols” 35 DBR2 § SQS (suls” 013 99 Ol

The Effect of Nano Cobalt and Nano Chitosan on
Artemisinin production and expression of SQS and
DBR2 genes in Artemisia annua

r‘_;):a [)Uuu MLB ‘Y'ﬁi‘ W U’QA‘J s‘wu G ]
Bita Ghasemi *, Ramin Hosseini *, Fatemeh Dehghan Nayeri *

($53LES S5 5SS gm0 S L =Y (63H5LES (655 5T s | bS8 )
Go3LES G555 s 05,5 Slslaul ¥
d‘)‘i‘ ‘u'iﬁ):a L(G)) J”““}- rLA‘ L;Lw\u,u bK.«.:"J LJ.».L.@A JJ eJ.(.i.lb
1- MScin Agricultural Biotechnology, 2- Associate professor,

3- Assistant Professor, Agricultural Biotechnology Department, Imam Khomeini
International University, Gazvin, Iran

raminh_2001@yahoo.com : S5 ;S oy (L3 J gus sk 55 3

3 ol § S5 (ki
1FAF OLusl 9 sle o) osled (pile> 0999
YO-T axio

AW

b Al Wik Cilisto SR Cwols b wi e )T ddgi W 4 Artemisia annua) 4w ys obs
ol 20 bl 0 0339 Caedl SIS O g E1951 Bloyd 9 LY (Solow Jole Sy Sgowdl
Sl SO Oy Olme 895 Olighs” 9l 9 CILT 9l Hghmad! Wil (owy g sokaio 4 dxdle
403 (Joho Ogauilmgu 38 03l (3 Mg sl 9 (DBR2 9 SQS) (5w 300531 (S Fimsger sauno
96 gl 0T I 10 91 B 9 Il J 3 p 5 e O 9 VIO /YD Slacdals
38 o3 303 3T g5 O3l me y3 by hD 03l Skl YV 8 FA FF A ko 03k slez 38 O3l g™
o009 5T Agi (39 slo 38 b ol sl TF 31w 5 CILT 96 i 00 o7 o O sle
S0 9 WK (Ko (VI YO HO/G A.WE) Sulild o381 ply YYD Ll diged 4 S
AL 56 Caliseo S slow 38 oy mod 5T Mgi Ol b DBR2 9 SOS 03 98 Ol s (8318
ke a8l g cele YT Jlod 03l 50 Sl gl CdAE O gae Ll 81 Cpidmod LIS 2929
DBR2 9 SQS sboi ube 18 Gild g sl Sab icale FA Sbo) o3k 10 Ofgus gl
05 Ol Sl boad 3 Sl sboil 55 9 Vb SBCIUE 53 Al 350 DKL A
Eatl ¢ 3a0d 3T g (1 2uil (S o 33 33 SO Ulge 4 DBR2 9 SQS sl

D 03l 1 Famgw Ol a1

S slasly

Artemisia annua
o oeod |
cdls gl

Oligias gl
HPLC
gRT-PCR


https://dor.isc.ac/dor/20.1001.1.25885073.1394.4.1.4.2
https://gebsj.ir/article-1-89-fa.html

[ Downloaded from gebsg.ir on 2025-12-22 ]

[ DOR: 20.1001.1.25885073.1394.4.1.4.2 ]

Q‘)&«A} WB

Qg § LS Sl gl 36 436

P PO B PSP S G - S VN S R 3 a5
Tt s BBl sl e el ol o ol Sl ek
obige andl 555 g5ulaS s 3 SE Dl e Al
led was pl s Sdphy 4 SLL SWS LS e S35
el S S =l =01 glopa g b o el s G 015 S
Y g 30T laesise el B) 4 ¥) st slakisy L
(Jahanshahi, 2011) 1l e OIS J8 DB S 555-Y — sl
2 0SUS ol 035 Lls s 4 O3S St el
x5 o) 5e SIS 5 g0l cdss dex ) Ll gladis
sl S Ol k0SSl el @S LS
S8 53 b glacd gl s SRIB S S s
63l e tassn 55 asls OLLS ek S 5l gl J e
4 s opl s (Cheng et al., 2006) ol ods Ll
Few 55 e 05 55 Olo Oy 55 O3S S0 G s
wtls s olS Jhe CiS 55 0T Wig e 5 o sed ]
S (SR B RO Y R I PG G R
Gpae oS pole gy (Ul caSeme Sl e S0
93 <lyd U (Fotouhi Ghaznini and Heidari, 2011) ...l
o g ki e sk 45 Adn ($31gs 5 e b LS e
55 sbaos Ll dsse asl slodale Wy Ul
M5 oy o e Gb e 4 s s S s b
Trejo-Tapia) Llad S 1 3 ax 55 5,50 Lls 40 56 claed plie
33 0k Olge 5y SIS SU S gy cpl s (et @l 2001
DB sn 250 OF g e 5 i paes T 5w 53 Jos 0
38 es ppp s O ple A5 e Gla0S Cls 08 S
eSS NG IS S 5] I PR Ny W
35 3 (FDP) il (63 Lo5ob LSis alo o ol sl o mad
e ol OF 5l ey el szt b Js5 s s
a3le iy D) Wdsnl g LA L 5 by 5 0S5 A5
s S e Mgl s e xS Kales &0 4 (FDP
Squalene  (SQC) MSwin 5 sSim mpl 1anl gy 5
@I ladg xal s atle gl 5 355 0 atle Cyclase
(Squalene Synthase, SQS) ke -1 Sl wﬂ Il a8 ol

el Mg b e 5l Oy mal cotle s 50 IS

doddo
wg e ap u e mie S OIS L0 sled phe
S Lo 53 LS & K el & dma Lagyls
o 1B Sleoely G sSTse by byl aile 0 SUS
S plie (o smed,l (Zhao et al., 2005) L si o 5 L LS
s sS skl S Artemisia annua oLS s s e 4 5
Lol o ¢l 5 sVl (Soloy Oless 3 o el 058V
s O 5 O8Ol e i Ol 055 O e e
S 5 osle ol W5 e (Lei @l 2011) 555 e o3lind
Odd aad OF o o fer 4 85 il 025 0l Dl
i e 8 01 e R el o b g e slasglo
Lol O als 0l 5l sl eslasl &, 5 ol
osle cpl 5 Rl g o3k Sl IS (sl sl
SOl s o el Sapel 4 B s ol sl pll
Ferreira et al.,, ) Llasls cws O W5 o Sl sl
SUS 5 My Gl b Sl 000 Jsle iS (1995
Lol olawd st b 5 OlalS uoiwct;@us@\
S 03 ks e e gss Jelse 5 WOS Oly ) p el Sl
05 Oy it (S8 5 pleld 55 jasie il
o Bl s A S S8 ke e O la
5 e e s sl Gl 4 b0 s Shes S8
A s5m 03,505 s Bl Culg 53 5 oS Ol Sdiedis
=) el 3l eslaal (Zhao et al., 2005) das s s SYL Olabl
M5 Rl Cer ol et 5 S ke 2iS s e
oS llie 035 Blol L Glll ol 4l slacd b
GV chle o plhcws Ol U spde oo oyl
%5 (Mulabagal and Tsay 2004) AL ials &Y e
“Cd b SV g I Gl s S bsdiey; e
Jimenez-Aparicio and ) .l Jsho iS4l gla
Lol 85181 x5 b sl4e Slos sas (Gutierrez-Lopez, 1999
;uc@»b);ugwﬁjw@ﬂ;}u@@
b bl ol BB b s e slaatls 3 pd e Sl
Gl a4 ol slge i gla Sy s 53 9305 250>

a3l Cmd 2130 sl o LI 3 g0 (5 0355 Doyt



https://dor.isc.ac/dor/20.1001.1.25885073.1394.4.1.4.2
https://gebsj.ir/article-1-89-fa.html

[ Downloaded from gebsg.ir on 2025-12-22 ]

[ DOR: 20.1001.1.25885073.1394.4.1.4.2 ]

Q‘)&«A} WB

Qg § LS Sl gl 36 436

(Dihydroartemisinic (Red1) ;LS 55,0501 spad 15, 0n
Col oS ol ol atlls e opl s aldehyde reductase)
o DHAA Cxle isle i) TS smas 5T 0un 63 355 o0
Sl o 5 ol 4 358 bt S S T dea s
Ryden et al., ) 555 o ped,l W5 2als w55 5 2B,

.(2010

L gy 9 olge

A annua LS J s O seilocs oo 3 SilesT cpl o

35,5 Sla LS ag A eslizal alS esle Ol g«
5,50 43 5 BAP /o mg/l 5 NAA +/0 Mg/l 5o, e
Lo s 4 b o JIS (ES3L a5 0 Tl ey L eslizad (Frgll)
et 3 L eals JUE) ey SlasS S Oles b mle iS
SLad s sl O il g 03,551 Gy 5 C2S5L A
e O 5 V0 /YO lachle) as b o 5l I 5 5 4
oS e V0 5N 0 s e ISl 1) e S
Oles 0351 Loms & sk 4y s el SIS Y s (Ol 58 50
ol o e i o gy el Jleel S il
3033 e ol s S e d gl S22 055
Jlasl laslas (5)ls s w50l plad ele S s 45 5 5L S
Pl Cogr ol VY 5 FATE A e slaosls o el
S 53 Jh Dl g Al J Sl gla 2L
Al B S Sk 5 Y0 °C sles s 5L
- a3 e 3 ol (SigMa, USA) Js )5 s, L RNA
Thermo nano ) i3 5L a5 ) Al Sl ey RNA la
L ol g O 51 Y PG ldis 5 s oy (drop 1000, US
53 .o S 15 eslizul 54 4 (Fermentas, Germany) DNasel
aslinl Ly ¢ | 5l RNA (55, DNase o 5l i1 s Ll
S 5 S e 05 e S5 6 S, L 5 PCR
Lo jles sLa RNA 511ug L) cDNA &g s o)
RevertAid™ M-MULV < i eslil L (DNase | 551
ol 0S5 Jandly 5w b 5 (Vivantis ,Malaysia)

L8 S e

sSae J s (Lange et al., 2000) SaJl 5 Al o Jals
olS 5 (Js3bsSe L SQS 05 Ll o b 51 05 55
L5 (Weathers et al., 2004) <ol ols O 50 4y
ol =¥ U ol s oy sed ] o geasis osle i ol
el @ sl IS S 255 5 2w s (Amorpha-4,11 dine)
(Amorphadiene dine  «(ADS) ki pls-¥)V-U sl
b o FDP Ol (gsil> ol oS 5,8 o &) 50 Synthase)
o 3 S Sl 4 PABO =¥ -y gal
Sl asdeass 4 alg 55 5 Al s, Al
355+ Jods (Dihydroartemisinic acid: DHAA) sl
T S sas ] K85 5l das (Teoh et al, 2009) (V ISC2)
pamia JulS 5 5b s SV e e i)l LSS s
3 MNISS 301 S35 S et 33 s 0 S 4
(Arteannuin (AB) - 54,1 LS5 a4 omie s G 3503
JSE e 358 il SIS 4 e 6500 5 B)
Al Szl 4 TS, Ot L AB
S Loy CYP Loy (AA)  (Artemisinic  acid)
LS AB ul 55 5 355 e plnil (AldND) 565,035
Skl (Ye)) sl 5 1 Sys (Teoh et al., 2009) 543
5 (Artemisiteng) (AT) 3 5mas,l & L5 o AB &S Wlazils
Dhingraand Lakshmi Narasu, ) 3 s b5 oy seed)] & s
B il 4 AA Wsls OLES (YY) w5 05l (2001
(R g2t S5SNI L (Brown and Sy 2007) s 5 e
355 AT dauly & eyl £ AB s (6l olS 3 w5
S dy o b 4 4800 (ol oLy (Nguyenet al., 2011) 5l
seco-cadinanes ... &xls o5 51 S olg Jseme L5 AB
Nguyen et ) ol A annua oS ;3 (AB 5 o jmai 1 Jol)
wla s 340 e edalin V JSS 3 4 4b Oles (@l 2010
bus 5 oS s bws WISG T e ool 51 K5
63 A e 3 MG T 0as « DBR2 rﬁ}ﬂ
UL RGN PR YT 0 N TR RIC S SR
5yl e H e dim LS 350 b | Aol S pas Tk
sphe hS sl & o8 OsmldenS] sl ksl
“5 b 4 s sl Tl (Wallaart et al., 2001)



https://dor.isc.ac/dor/20.1001.1.25885073.1394.4.1.4.2
https://gebsj.ir/article-1-89-fa.html

[ Downloaded from gebsg.ir on 2025-12-22 ]

[ DOR: 20.1001.1.25885073.1394.4.1.4.2 ]

Cvtosol Plastid
HMG-CoA Pyruvate + Glyceraldehyde 3-phosphate
* HMGR * DXS/DXR
Mevalonic Acid -~ MEP
-~
‘/
Isopentenyl diphosphate —~%——a— Dimethylallyl diphosphate

\FE‘S//‘

Farmnesyl pyrophosphate

= 5 CHa e OH e CH e CHy
e = T o 1y CIT
CHs CH; CH CH CH;,

2 3
Amorphadiene —s Apt, Aloohol —s=— Art. Aldehyde —m Dihydroart. Aldchyde —a— Dihydroart.
CYP CYP DBR2

RED1 Alcohol
CYP lALDHI lALDHl
oH oH
o CH:z oPygCH: o
e TH = 3
S % S 5
CH; CHy
Art. Acid Dihydroart. Acid
Fhoto-oxidative L5
Ani-wnlhcsiﬁ e i Photo-oxidative
a

yor

10 &) =Y

; L X ‘ﬂ;;l:

o] o
Arteannuin B --- -3 Apremisitene  ----3=  Artemisinin

(Nguyen et al., 2011) e ol 53 s Glapm 5T 5 (Sl OV pamme ool 5 s =) IS0
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Table 1. The information of primers for each genein Real Time PCR.

Gene Primer Primer sequence F/R [5'-3] Primer % Amplicon

name name Tm[°C] GC length [bp]

SQS AF302464 F-TTTGAAAGCAGTATTGAAACAC 51.3 318 192
R- CAGACAGCATCACGAAGC 52.8 55.6

DBR2 EU704257 F- CATCAACAAGCAAGCCCATTTC 56.5 455 125
R- GCGATAGTCTTCAACCACCTC 55.7 524

ACT U36376 F- AGTGCTCCTGGTTAGTTGTC 54.1 50 166
R- CTTGTTGCCTCGTAATCTTCG 54.7 476
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Figure 2. Artemisinin content in nanocobalt treatment, during different time courses.
* Different letters indicate significant differences in Duncan’s test.
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Figure 4. The expression levels of SQSgenein different
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Figure 5. The expression levels of SQS gene in different times and concentrations of nanocobalt treatment. * Different letters

indicate significant differences in Duncan’s test.
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significant differences in Duncan’s test.
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Figure 13. The expression levels of DBR2 gene in
different time courses after nanochitosan treatment.
*Different letters indicate significant differences in
Duncan’s test.
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Figure 11. The expression levels of DBR2 genein
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ABSTRACT

rtemisia annua is particularly important for the production of artemisinin, a

bioproduct which can be used to combat the causal agent of malaria, treat some

kind of cancers and in other activities. The low artemisinin content in the plant

has caused this compound to be among the more expensive medicines. Several
attempts have been made to increase artemisinin production, for example by using
different elicitors, but none of the approaches has been cost effective. In this study, the
expression levels of two important genes in the artemisinin biosynthetic pathway, SQS
and DBR2 and artemisinin content were investigated in Artemisia cell suspension
cultures. SQS and DBR2 genes have essential roles in the regulation of artemisinin
pathway. For this purpose, nano-cobalt particles in concentrations of 0.25, 2.5 and 5
mg/L were used for cell culture treatment and samples were collected after 8, 24, 48 and
72 h. The highest artemisinin content was observed 24 h after 5 mg/L nanocobalt
treatment. In this case, artemisinin production was 2.25 times (113.35 mg/g d.wt) higher
than that of the control. Our results showed a negative and significant correlation
between SQS and DBR2 gene expression and artemisinin content at different levels of
nano cobalt treatments. Results also showed an increase in nano cobalt concentration
after 72 hour and an increase in nano chitosan after 4h hour caused a significant decrease
in the expression of SQS and DBR2 genes. In conclusion, it appears that the content of
artemisinin was increased by high concentrations of the nano cobalt particles because of
adecrease in the expression of SQSand DBR2 genes.
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