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Biosynthesis of artemisinin in Artemisia annua induced by low temperature
and its mechanism
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Abstract: Objective To investigate the effects of low temperature on the biosynthesis of artemisinin and other terpenoids in
Artemisia annua. Methods After 4 C treatment, A. annua leaves were collected for artemisinin analysis by HPLC. Hydrogen
peroxide (H,0,) and singlet oxygen ('O,) production were detected by Ti(SO), precipitation and the means of bleaching of N,
N-dimethylnitrosoaniline. The catalase (CAT) activity was determined by ultraviolet spectrophotometry. The gene expressions of key
enzymes in artemisinin biosynthetic and competitive pathways were quantitatively assayed by real time fluorescence quantitative
polymerase chain reaction (PCR). Results At 4 ‘C after treatment for 4 h, the burst of 'O, and H,0, was followed by the increase of
CAT activity and artemisinin content. The concentrations of artemisinin were 20%, 65%, and 80% higher than those of the control
group after treatment for 4, 24, and 48 h, respectively. The expression levels of artemisinin biosynthetic genes, comprising HMGR,
FPS, ADS, CYP714V1, CPR, and DBR2, were up-regulated compared with the control group at 4 C after treatment for 24 h. The
increment of ADS mRNA level was 16 times higher than those under 25 ‘C. Whereas the expression of B-caryophyllene synthase (CS)
gene encoded the competitive enzyme utilizing the common precursor dramatically decreased about 20-fold. Conclusion These
results indicate that low temperature could induce artemisinin biosynthesis by increasing the conversion of the precursors into
artemisinin caused by the burst of reactive oxygen species (ROS), by the up-regulating the expression of genes involved in artemisinin
biosynthesis, and by down-regulating the expression of gene involved in competitive pathway.
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SYBR Green Real time PCR Master Mix (Toyobo)
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Table 1 Primers for real time fluorescence quantitative PCR

H GenBank Y3k 5 5l kbl B /bp

HMGR RU14625 HMGR-3 5’-GCACAGTTGGAGGAGGGACA-3’ 100
HMGR-4 5’-TGAGCGTTTGAGCCTGGTG-3’

FPS U36376 FPS-3 5’-TTCTTTCATCTGCCCTTGGTT-3’ 100
FPS-4 5’-GGTTGCCCTCTGCGTGTATG-3’

ADS DQ241826 ADS-7 5’-AGTTTGTTAGAAACCTGATGGTTGAA-3’ 105
ADS-8 5’-GGTTAGCACCGCCAGTAATGA-3’

CYP71AV1 DQ872632 CYP71AV1-3  5-TGGTTCTGCCAAGAGAGTGC-3 102
CYP71AV1-4 5 -GGTCCCTATTTATCGCAAAGACG-3’

CPR DQ984181 CPR-3 5’-GATAACGAAGACGGGACACCA-3’ 102
CPR-4 5’-GCTCAAAACATCGGCATAGGA-3’

DBR?2 EU848577 DBR-5 5’-CTCAAGGGGATGCTGATTTG-3’ 150
DBR-6 5’-GGTAATCCGTGTACCCAACG-3’

SOS AY445506 SQS-3 5’-CGGACTAAAACAATGGCTGATG-3’ 104
SQS-4 5’-GTGATGGTCGTTTGGGCATT-3"

FS AY 835398 FS-3 5’-CAGCCACAAGGAGGAACAAG-3’ 295
FS-4 5’-CATAGGGTGAACGAAGAACGA-3’

CS AF472361 CS-3 5’-CAGGTGGTGGAAAGGTCTTG-3’ 229
CS-4 5’-CGACCACCTTTGAATTGCTT-3’

EPS AJ001539 EPS-5 5’-GCAAGATGGGCAAAAGAAGA-3’ 166
EPS-6 5’-TGACAAGAGGAGGATTGGTGA-3’

actin EUS531837 actin-5 5’-GCATCCCGTTCTTTTGACTG-3’ 317
actin-6 5’-GCTCTGCTGTGGTGGTGAA-3’
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Fig. 1 Effects of low temperature on artemisinin synthesis
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Fig. 4 Effects of low temperature treatment on activities of CAT
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Table 2 Effects of low temperature treatment on gene expressions of artemisinin biosynthesis (x £s,n=3)

5 AN SR K

- HMGR FPS ADS CYP714V1 CPR DBR?2

25°C 0.08+0.03 0.1140.02 0.17+0.04 0.05+0.02 1.5840.25 2.054+0.33
4°C 0.3540.03" 0.2840.18" 2.9240.19" 0.134+0.03" 2.954+0.29" 5.04+1.68"
x3 RELEBWMALXSHEXESNERRENZNE N TR E 5, v Sh R 4 g, 5

(xts,n=3)
Table 3 Effects of low temperature treatment on gene expres-

sions of terpenoids biosynthesis (x +s,n=3)

X‘ % 3 7 N
W 5 FHHF e S KT
508 CS FS EPS
25°C 0514006 0.68+0.19 0294005 031+0.14
4°C 0.54+0.18  0.03+0.01" 0324005 1214+039"
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