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Abstract: In recent years, the carotenoids in nature are widely used
in food, medicine, nutrition and health care industries due to the
good biological activity and physiological function. And in order to
meet the needs of human beings, the more and more studies on the
regulation of carotenoid biosynthesis are emerging. In this paper, the
effects of light, temperature and elicitor on the biosynthesis of carot-
enoids are reviewed, which is hoped that the production of
carotenoids can be improved by external regulation in the production
process.
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Figure 1 The biosynthesis of Phytone
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Figure 2 Carotenoid biosynthetic pathway in the late stage
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Table 1

Effects of different types of light and light intensity on carotenoid synthesis
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Table 2 The suitable temperature range of cell growth and

carotenoid synthesis in different organisms
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Table 3 Effects of different elicitors on carotenoid synthesis in organisms
HRT FERA R N F ORI KW b RE AL
K+ EAN A A B D3R A g e
Mn?t [ Zn*t Mg? " EANESE] B b At i o7
EMEST (SR CPTA Paih iSTEaR Soa e D) IR
i - (4
S 2 TR (MDD N - N 2R o
BT 5 2D ' " g AR
MeJA.AA. CAS A 20 Bk U452 G g Lasdto o
TSR Al AL AW, PN 353 SR 95 2 B g o 02
A6 ZE DU R IR K S N =R E B bR ot )
NFPREH R O R LLR KRRk ESUE N8 bl I
. ) s HE& PTI5 Witk FA R TR e
EYES T (HED o B S
HEURE WAL DR AL B L VRALEE R HE PTOS MMk B N A hk i i 053
RLL B B WRIKHJE No5205 Mtk 28843 b3 & ag Y
2.4 Hit S % Tk

TERE RGP H 17F 2 B SR T /T LR
PEE A R A0S Ia S R LR W dE A L R AR R AR
A BRI RERE R b R B4R & L I A RE AR R IR F R
FF#E R0 . Saha %0 76 A TG ER 9 b & B 58 DO A
RRZ ARME T HIF 10 d R 2R 8 b &K ol 94 5 4%
PRI 45 Bt I AE Lamers 5V ABFST o, LR 3E
TEER A 2 1F R & BRI 2 b R AR O )iz BF
Farhat""" % #U7E 5 35 (3 mol/L)RE 7 4 4 F AL (G 3 ¥ fig K&
BRI MR AERER (5% ~20%0) 4 F Liu 5% & 8
Ak G 3 2 77 A R 3 4R (ROS) 30 4] Bk 192 I 1 1) it 37
He R 2R K S T A ] T B R 22 1 D A AR T AR H T 26
WIS R A . TR R A 2T L Al TR R A K
HEAEFZE HEGIRRRMENSE PR X2 THA
FAF T HIRIEME bR G IR P 7E R & T R B K
P 0 SRR S TR AU A L Sa i R R a L S
JePRA L B AL S A0 A TR A T A B A KL B4
7 A — BB T S A A 0 TR T IR X 4 30 A R Y 4 A B 3 A
By R A gt
3 ik

KWE PRE-REA DA R AR AU
NEH ZFA 55 W DIRE T HX TR e MY S bR
AR E R . A0 A TR R AR A 1R I
o R AR A RS R N R RO R T N
T 3 2 A ) X A SR BRI AT O B A AR . i R N 2R
B R OR S TS T DA A — R R TR AN A K
T R e A S BRI TR T 04 9 R R A o 1 e
MR, BIRORE BT T U R HAE RX 2 bR G
FATEER 0 AR AR T 5 W S 5k
oA T TR A =R E S RBAEELHNE S
B BHEAMNRE TR SRS R LR RS 2
ARG MR ARRMTT TR — P RARER., EEYER
S AT A5 2 D T RRBIE T AN T TR T — TR DA A 3 e 2

(1] PhEN, FRuasE, PhEIo, S5, A8 N 24 0% o 10 B o a0k g
[JJ. P EA &R, 2012, 12(1): 160-166.

(2] Zgmpl, &, B4 55, & AN w (PSB) B Y BF T 9t e LT .
B EHI . 2008, 24(1): 152-158.

[3] Tanumihardjo S A. Vitamin A and bone health: the balancing
act[ J]. Journal of Clinical Densitometry, 2013, 16(4): 414-419.

[4] Riihl R. Non-pro-vitamin A and pro-vitamin A carotenoids in
atopy development[J]. International archives of allergy and im-
munology, 2013, 161(2): 99-115.

[5] Vilchez C, Forjan E, Cuaresma M, et al. Marine carotenoids:
biological functions and commercial applications [ ]J]. Marine
drugs, 2011, 9(3): 319-333.

[6] Carranco ] M E, Calvo C M L, Romo F P. Carotenoids and their
antioxidant function; a review[ J]. Archivos latinoamericanos de
nutricion, 2011, 61(3): 233-241.

[7] Tanaka T, Shnimizu M, Moriwaki H. Cancer chemoprevention
by carotenoids[J]. Molecules, 2012, 17(3): 3 202-3 242.

(8] W% MR EMPELT] B 5P, 1994(2) . 31-32.

Lo R ArHk, Mwete, XId5, 4. KW PR T L IREIRH
WEFe sk e[ ]. Wi pl e HERE . 2010, 28(4): 554-562.

[10] Nisar Nazia, Li Li, Lu Shan, et al. Carotenoid metabolism in

plants[J]. Moleculer Plant, 2015, 8(1) . 68-82.

LI ATk EE, EB, SR, 4. 808 M RMRD ] IRk K23
IR BARBFFERL, 2005, 36(3): 485-488.

[12] Delia B, Rodriguez-Amaya. A guide to carotenoid analysis in
foods[ M]. Washington, D. C: International Life Sciences Insti-
tute, 2001 1.

[13] Zheng Peng. Xia Yong-Liang, Xiao Guo-Hua, et al. Genome
sequence of the insect pathogenic fungus Cordyceps militaris, a
valued traditional chinese medicine[ J]. Genome Biology, 2011,
12¢11) . 1-21.

[14] Sheehan Nancy L, van Heeswijk Rolf P G, Foster Brian C, et
al. The effect of beta-carotene supplementation on the pharma-
cokinetics of nelfinavir and its active metabolite M8 in HIV-1-
infected patients[ J]. Molecules, 2012, 12(1): 688-702.

[15] Schagerl M, Muller B. Acclimation of chlorophyll a and carote-

217



E2EESH

B MRAE SN T N R A YA T

noid levels to different irradiances in four freshwater cyanobac-
teria[ J]. Journal of Plant Physiology, 2006, 163(7): 709-716.

[16] Marova I, Carnecka M, Halienova A, et al. Use of several
waste substrates for carotenoid-rich yeast biomass production
[J]. Journal of Environmental Management, 2012, 95;
S338-S342.

[17] Avendano-Vazquez Aida-Odette, Cordoba Elizabeth, Llamas
Ernesto, et al. An uncharacterized apocarotenoid-derived signal
generated in zeta-carotene desaturase mutants regulates leafl de-
velopment and the expression of chloroplast and nuclear genes
in Arabidopsis[]]. Plant Cell, 2014, 26(6);: 2 524-2 537.

[18] Yen Hong-wei, Yang Ya-chun. The effects of irradiation and
microfiltration on the cells growing and total lipids production
in the cultivation of Rhodotorula glutinis [ J]. Bioresource
Technology, 2012, 107 539-541.

[19] Isaacson T, Ronen G, Zamir D. Cloning of tangerine from to-
mato reveals a carotenoid isomerase essential for the production
of beta-carotene and xanthophylls in plants[J]. Plant Cell,
2002, 14(2) . 333-342.

[20] Wei Jia-li, Xu Min, Zhang Da-bing, et al. The role of
carotenoid isomerase in maintenance of photosynthetic oxygen
evolution in rice plant [ J]. Acta Biochimica Et Biophysica
Sinica, 2010, 42(7). 457-463.

[217] Rodriguez-Villalon A Gas E, Rodriguez-Concepcion M. Colors
in the dark: a model for the regulation of carotenoid
biosynthesis in etioplasts[ J]. Plant Signal& Behavior, 2009. 4
(10): 965-967.

[22] Shrestha Bhushan, Lee Won-Ho, Han Sang-Kuk, et al. Obser-
vations on some of the mycelial growth and pigmentation char-
acteristics of Cordyceps militaris isolates[ J]. Mycobiology.,
2006, 34(2): 83-91.

[23] Kiley P J, Kaplan S. Molecular genetics of photosynthetic
membrane biosynthesis in Rhodobacter sphaeroides[J]. Micro-
biological Reviews, 1988, 52(1): 50-69.

[24] Zhou Qin, Zhang Pan-yue, Zhang Guang-ming. Biomass and
carotenoid production in photosynthetic bacteria wastewater
treatment; Effects of light intensity[ J]. Bioresource Technolo-
gy, 2014, 171; 330-335.

[25] Kim So-Hyun, Liu Kwang-Hyeon, Lee Seok-Young, et al.
Effects of light intensity and nitrogen starvation on
glycerolipid, glycerophospholipid, and carotenoid composition
in Dunaliella tertiolecta culture[J]. PLOS ONE, 2013, 8(9).
e72 415.

[26] Raja R, Hemaiswarya S, Rengasamy R. Exploitation of Du-
naliella for beta-carotene production[ J]. Applied Microbiology
and Biotechnology, 2007, 74(3): 517-523.

[27] Ye Zhi-wei, Jiang Jian-guo, Wu Guang-hong. Biosynthesis and
regulation of carotenoids in Dunaliella: progresses and
prospects[ ] ]. Biotechnology Advances, 2008, 26(4);: 352-360.

[28] Zhang Zhi-ping, Zhang Xu, Tan Tian-wei. Lipid and carotenoid
production by Rhodotorula glutinis under irradiation/high-
temperature and dark/low-temperature cultivation[ J]. Biore-
source Technology, 2014, 157 149-153.

[29] Ma Gang, Zhang Lan-cui, Kato Masaya, et al. Effect of blue

218

and red LED light irradiation on beta-cryptoxanthin
accumulation in the flavedo of Citrus fruits[J]. Journal of Agri-
cultural and Food Chemistry, 2012, 60(1): 197-201.

[30] Pham Anh Tuan., Aye Aye Thwe, Kim Yeon Bok, et al.
Effects of white, blue, and red light-emitting diodes on carote-
noid biosynthetic gene expression levels and carotenoid accumu-
lation in sprouts of Tartary Buckwheat ( Fagopyrum
tataricum Gaertn.)[J]. Journal of Agricultural and Food Chem-
istry, 2013, 61(50).: 12 356-12 361.

[31] Dong Jing-zhou, Lei Can, Zheng XiaoJ, et al. Light
wavelengths regulate growth and active components of
Cordyceps militaris furit bodies[]J]. Journal of Food Biochem-
istry, 2013, 37(5): 578-584.

[32] Ahmed F, Fanning K, Netzel M, et al. Induced carotenoid ac-
cumulation in Dunaliella salina and Tetraselmis suecica by
plant hormones and UV-C radiation[ ] ]. Applied Microbiology
and Biotechnology, 2015, 99(22): 9 407-9 416.

[33] Fu Wei-qi. Gudmundsson O, Paglia G, et al. Enhancement of
carotenoid biosynthesis in the green microalga Dunaliella
salina with light-emitting diodes and adaptive laboratory evolu-
tion[ J ]. Applied Microbiology and Biotechnology. 2013, 97
(6): 2 395-2 403.

[34] Fu Wei-qi, Paglia G, Magnusdottir M, et al. Effects of abiotic
stressors on lutein production in the green microalga Dunaliella
salina[ ] ]. Microbial Cell Factories, 2014, 13(3): 1-9.

[35] Ze W%, PREE R R A IR A PF X201 8 b Rk mlT ] -
AL T, 2007, 32(2); 22-26.

[(36] % 3, PRZ. $h/E kL K # Dunaliella salina f) /4 495 45 1 5 5%
FEOFFELI]. PHALIIE K 2F 2540, 1995, 31(4): 52-55.

(371 KIAME . WY LLR KRB AEY ERELT] DA MED .
2001, 31(3): 6-8.

[38] ZRBAZ, i, JRE M pHAEX Phaf fia rhodozyma K
IR R BRI ALT ] (i 5 BTk, 2002, 28(10): 6-9.

(3970 sk¥e e, JEATIG, BRAL, 5. w1 Mk o A 40 T TR 7 20 AR 00 1 1
FERF IR ). AR I KA 2 4. 2001¢4) + 37-39.

[40] WU . BB, SR, SBA AN ROREE ™28 & N R 1905
O] k5% B Tk, 2001, 27(10); 24-28.

[41] ¥, =AM RERKEE -8 M REMBIFELD]. JLat: JLEhk
Wb KB, 2009, 22-34.

[42] FHa R, EEF, R, % =MAARIREREE™ B8 b
ZWHT RO B R R, 2014, 35(13) . 316-325.

[430 faf v, XUMREE , X250, 5. 0 R LR B R e ke [T ). B AR
Jeszezdp 2011, 27(1); 64-70.

[44] Gomez P 1, Gonzalez M A. The effect of temperature and irra-
diance on the growth and carotenogenic capacity of seven strains
of Dunaliella salina (Chlorophyta) cultivated under laboratory
conditions[ ] ]. Biological Research, 2005, 38(2): 151-162.

[45] Orset Sandra, Young Andrew J. Low-temperature-induced syn-
thesis of alpha-carotene in the microalga Dunaliella salina
(Chlorophyta) [ J]. Journal of Phycology, 1999, 35 (3):
520-527.

[467] Shi Feng, Zhan Wu-bing, Li Yong-fu, et al. Temperature influ-
ences beta-carotene production in recombinant Saccharomyces cere-

visiae expressing carotenogenic genes from Phaf fia rhodozymal]].



MRBHR

2016 % 54

World Journal of Microbiology &. Biotechnology, 2014, 30(1):
125-133.

[477] Ducrey Sanpietro Luis M, Kula M R. Studies of astaxanthin bi-
osynthesis in  Xanthophyllomyces dendrorhous ( Phaf fia
rhodozyma). Effect of inhibitors and low temperature [ ] ].
Yeast, 1997, 14(11). 1 007-1 016.

(48] W HN. 55 T % # AL 21 BR R 7 222 42 00 R i % 23 7 AL B
RIS LD]. T ¥ TH KRS, 2009.

[49] sk@igs, Famse, XIATIE . 5. &8 B8 7 6 20 Wbk o = 2880 8 b
MBI FET]. frdh TR, 2010, 31(D: 65-70.

[50] Buzzini P, Martini A, Gaetani M, et al. Optimization of carote-
noid production by Rhodotorula graminis DBVPG 7021 as a
function of trace element concentration by means of response
surface analysis[ J]. Enzyme and Microbial Technology, 2005,
36(5): 687-692.

[51] Hsu W J, Poling S M, DeBenedict C, et al. Chemical inducers
of carotenogenesis[J]. Journal of Agricultural and Food Chem-
istry, 1975, 23(5) . 831-834.

[52] WECR . RAEZE, INHEDT. A ALIE T 7 X 208 R B B A KR 2
B NRARA L] PR RE R B ARFE R
2008, 27(2) . 14-17.

[53] whgdtol, wF o, W0k, JLR S T4 & 8% PTOS bk 3
KBRS PRI, B G B A Y 2 R 2005,
11(2): 208-210.

[54] wf ., EIRE, BRiAk, % MAVYESFHEFRFRER
No5205 Wbk A& BERYSEMALT ] AEPHAR . 2004, 14(6): 57-58.

[55] Saini R K, Prashanth K V Harish, Shetty N P, et al. Elicitors,
SA and M]J enhance carotenoids and tocopherol biosynthesis and
expression of antioxidant related genes in Moringa oleifera
Lam. leaves[ J]. Acta Physiologic Plantarum, 2014, 36 (10);
2 695-2 704.

[56] FFRE, AWoG, 5 KRG, Y5S7 X A ¥ 40 i 85 9% b vk A AR
W BN, KRB - W 5F &, 2008(20) : 568-573.

[57] fk¥hA, MEZ, 4. AR Y PEERE TG
B B DAL A, 2004, 25(7) ¢ 60-62.

[58] Pirastru Laura, Darwish Mohamed, Chu Fong Lam, et al. Ca-
rotenoid production and change of photosynthetic functions in
Scenedesmus sp exposed to nitrogen limitation and acetate
treatment[ ] ]. Journal of Applied Phycology. 2012, 24 (1);
117-124.

[59] Saha Sushanta Kumar, Moane Siobhan, Murray Patrick. Effect

and micro-nutrient limitation on

of macro- superoxide

dismutase activities and carotenoid levels in microalga
Dunaliella salina CCAP 19/18 [ J]. Biorource Technology.
2013, 147. 23-28.

[60] Lamers Packo P, Janssen Marcel, De Vos Ric C H, et al. Ca-
rotenoid and fatty acid metabolism in nitrogen-starved Du-
naliella salina » a unicellular green microalga[ ]J]. Journal of Bi-
otechnology, 2012, 162(1) . 21-27.

[61] Farhat Nejia, Rabhi Mokded, Falleh Hanen, et al.
Optimization of salt concentrations for a higher carotenoid pro-
duction in Dunaliella salina (chlorophyceae) [J]. Journal of
Phycology, 2011, 47(5): 1 072-1 077.

[62] Liu Wen-hua, Ming Yao, Li Ping, et al. Inhibitory effects of
hypo-osmotic stress on extracellular carbonic anhydrase and
photosynthetic efficiency of green alga Dunaliella salina
possibly through reactive oxygen species formation[ J]. Plant
Physiology and Biochemistry, 2012, 54, 43-48.

[63] Hagi Tatsuro, Kobayashi Miho, Nomura Masaru. Aerobic con-
dition increases carotenoid production associated with oxidative

stress tolerance in Enterococcus gilvus[J]. FEMS Microbiology

Letters, 2014, 350(2): 223-230.

(L% 116 ®)
TFE R0, & h ol 2015, 36(6) . 238-241.

(3] Shits . BESCK, AR, 45, Pkt o4 i BE o 7 i & okt K 48 il
WA sppy R L] MR, 2012¢8): 12-14,

C4T BRUE. B o J0 50 & JioebRs B i ik L) ], ER S A, 2012, 29
(11): 153-154, 160.

(57 VFMESC. mols & RGE AR 2 LA AT ] IR TR,
2014(18) ; 129.

[6] sk, FL0m. MHREHl 220t vkl R G e L)), & B 3 5 4
1%, 2014(2) ; 54-57.

[7] 245, Wh R, 55 0. B8 v A L0 7 RS 3 20 2208 & 3 5 1
[J]. # TR, 2014(3); 82-83, 118.

[8] &0t 4k. FFS w3 Ml M 7o DR [T). & & 5 HLH
2013, 29(4); 118-121.

L9] PRt ) IR FLARTEAL XA ML g i LT ], & 5 HLBE, 2005,
21(3); 49-51.

(3% 151 70

[15] Sun Zheng-liang, Peng You, Zhao Wei-wei, et al. Purification,
characterization and immunomodulatory activity of a polysac-
charide from Celosia cristata [ J]. Carbohydrate Polymers,
2015, 133: 337-344.

[16] VE4 . BUR I TR AE 22 0 1 43 8 4l Ak 25 49 43 BT B A 0 1
W [D]. Bat: BRIk R, 2011,

(177 nhgb9h, RMEEE, AR R, 2050 R TF /N B I B e 41 A {4 4h
BB T AR VROS A NO AR LT ). 40 5 4 7 ok
2R, 2011, 27(3): 237-241.

[18] Chen Zhi-gang, Zhang Dan-li, Zhu Qu, et al. Purification, pre-

liminary characterization and in witro immunomodulatory

activity of tiger lily polysaccharide[ J]. Carbohydrate Polymers,
2014, 106. 217-222.

L1970 shmmoe, FAC, EHIEE, S5 W TE AN 2 W 04 25 b K S 5 R 15
L] AW TR, 2016, 32(8): 1-9.

[20] BRA&DY. W& Z 0 HLER W) % B W 20 s RAW264.7 433 8 19 7E
Bl REALHI DFELD. A M« R BERL R, 2012: 19,

[21] A&, ERAm, W%, 5 R2HEES/DRE AR R
RAW264.7 4l (%9 5 AL 8 T AR JH LT D, b A o 2 e
2009, 22(2): 136-138.

[22] Sharma J N, Al-Omran A, Parvathy S S. Role of nitric oxide in
inflammatory diseases [ J]. Inflammopharmacology, 2007, 15

(6): 252-259.

219



