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Figure 1. Biosynthesis pathways of lycopene and diapolycopene in carotenoid-synthesizing organisms.
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Table 1. Isolation and identification of partial phytoene dehydrogenase genes

Gene name Organism Metabolic product Identification means Reference
pds Lycium chinense C-carotene Heterologous complementation [12]
pds Haematococcuspluvialis C-carotene In vitro validation [13]
zds Lycium chinense Lycopene Heterologous complementation [12]
crtl Rhodosporidium diobovatum Lycopene Heterologous complementation [14]
crtl Rhodobacter azotoformans Neurosporene Heterologous complementation 4]
crtP Cyanobacteria C-carotene In vivo validation [15]
crtQb Cyanobacteria Lycopene In vivo validation [15]
crtP Chlorobium tepidum C-carotene In vivo validation [17]
crtQb Chlorobium tepidum Lycopene In vivo validation [17]
crtla Myxococcus xanthus C-carotene In vivo validation [16]
crtlb Myxococcus xanthus Lycopene In vivo validation [16]
crtD Haloarcula japonica Isopentenyldehydrorhodopin or  In vivo validation [18]

Bisanhydrobacterioruberin

actamicro@im.ac.cn



ZHEE | MIEYZR, 2016, 56(11)

1683

#R2. Crtl-type/\SE ML KRR SEBINRE S MY
Table 2. Functional diversity of Crtl-type phytoene dehydrogenase

Enzymes Dehydrogenation ability Substrates Products Reference
Synechocystis CrtD ~ 1-step Neurosporene or 3,4-didehydrolycopene or [24]
Lycopene 3,4-didehydroneurosporene
M. xanthus Crtla 2-step Phytoene {-carotene [16]
M. xanthus Crtlb 2-step C-carotene Lycopene [16]
R. capsulatus Crtl 3-step Phytoene Neurosporene [20]
R. azotoformans Crtl  3,4-step Phytoene Neurosporene and Lycopene [21]
R. diobovatum Crtl ~ 4-step Phytoene Lycopene [14]
S. aureus CrtN 4-step Diapophytoene Diapolycopene [11]
N. crassa Al-1 5-step Phytoene 3,4-didehydrolycopene [19]
P. ananatis Crtl,, 4 - or 6-step Phytoene Lycopene or 3,4,3°,4’-tetradehydrolycopene [23]
R. gelatinosus Crtl 3,4-or 6-step Phytoene Neurosporene and Lycopene; or [22]

3,4,3’,4’-tetradehydrolycopen
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AT DA\ S AL R =P A O A
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S E BA =P S RE R N A L R i
ARE, ERLLAF (R, azotoformans) IR ELL
NG (Rubrivivax gelatinosus)/\ & 75 Hi 2L % M & i
] LA\ S B 21 2 19 =20 A0 i =
SN A S B AT R AR AT R, WO
W (Pantoea ananatis))\ & 35 i 212 ot 2 6 AT LA
AR WANE 5 T EARE i 0] B A W R oY R N0
LA StickforthE X EERZIIAH (R, gelatinosus)

IR T AL 2 N U Crel v B4R K2 N 8l 1 240 5%
BRI, e Crel ik B2 sl AR My vk JE 25 1 A A T
B KPR BE SR N R4 T, SR B 2 ik
6= WANESR (S HTFARE NP T S e N W R B A )
AFMiLL E (all-trans-3,4,3° 4 -tradehydrolycopene) ™,
T34, L R SR AR B B [CE (P, ananatis)
Crtl BB IIN X \ F F L R S P A
Y IR EEERE (M. xanthus)™, Crtlan] {4k
X N R F AL R AN e K - bR (all-
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aureus) CrtN, 5 Crtl-type[r]iit, Wi {kDiapophytoene
(C30) DU it & 4 i Diapolycopen (C30)!'",
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o, R R ECE, 04 R A IR A
(S. aureus)/\EF ML RN A M CriNEILC30/\H
%41 % (diapophytoene) A W C30 & M 4L &
(diapolycopene)(&l4-c), B EFERF Crilafiifb /\F
TAMLLR A M-I DR (K4-d), CrtlbfEILC-
® NEAERFMLLE, CrtIbfR ] GESE H Crtlaif it
i (E4-1)E A Crtla/CrtIb XL i (Double-
enzyme) &4, L CIHMEE (Brevibacterium
linens, Brevibacterium flavum) CrtUf{Lp-51 % N &K
A MR E R (El4-g), HEMIBE(Synechocystis
sp. strain PCC 6803) 3,41 Jlii S B CrtDAE AL Z 21

#23. PDS/ZDS-type, CrtP/CrtQ-type/ \ S E LI Zhi SEEIhAE SAE
Table 3. Functional diversity of PDS/ZDS-type and CrtP/CrtQ-type phytoene dehydrogenases

Enzymes Dehydrogenation ability Substrates Products Reference
C. tepidum CrtP 2-step Phytoene {-carotene [17]
C. tepidum CrtQb 2-step {-carotene Lycopene [17]
L. chinense PDS 2-step Phytoene {-carotene [12]
L. chinense ZDS 2-step {-carotene Lycopene [12]
Cyanobacteria CrtP 2-step Phytoene {-carotene [15]
Cyanobacteria CrtQb 2-step {-carotene Lycopene [15]
Nostoc sp. CrtP 2-step Phytoene {-carotene [26]
Nostoc sp. CrtQa 2-step {-carotene Lycopene [26]
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Figure 2. Natural biosynthesis pathways of C40 carotenoids involved in phytoene dehydrogenases.
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100 liSynechocystis sp. CrtH |ALE74489.1|

96 L Synechococcus sp. CrtH |[CAK23806.1|
Synechocystis sp. CrtD [WP_009634269.1|

100 4100|j Rhodobacter azotoformans Crtl |]AEN14339.1
100 Rhodobacter capsulatus Crtl [CAA77540.1]
Pantoea ananatis Crtl |CRH37454.1|

100 Nostoc sp. CrtQa [BAA05091.1]
Myxococcus xanthus Crtlb |Q02861.1|

Methylomonas sp. CrtN |JAAX46183.1|
Heliobacillus mobilis CrtN |AAC84034.1|

Myxococcus xanthus Crtla [P54979.1|
E{ Xanthophyllomyces dendrorhous Crtl [CAA75240.1|
100 Neurospora crassa Crtl [EAA35477.1|
]8 Planktothrix agardhii CrtU |[KE166227.1|
—{ Streptomyces sp. CrtU [EDX21180.1|

100 ,—Lycium chinense ZDS |A1Z50712.1|
L7 hermosynechococcus sp. CrtQb |AHB87465.1|
Lycium chinense PDS |[AHN92038.1|

100
Thermosynecho coccus sp. CrtP |AHB88213.1|

100 Nostoc sp. CrtP [CAB56040.1]

0.2

3. £ F/\EEML R EEE AT X Neighbor-Joining/ZZE N ARG L B

Figure 3. Phylogenetic tree analysis of phytoene dehydrogenases based on the amino acid sequences by the

00| 389

92

Neighbor-Joining method.
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Figure 4. Evolutionary pathway analysis of phytoene dehydrogenases.
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Advances in phytoene dehydrogenase - A review
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Chunji Li, Bingxue Li , Xiaori Han
National Engineering Laboratory for Efficient Utilization of Soil and Fertilizer Resources, College of Land and Environment,

Shenyang Agricultural University, Shenyang 110866, Liaoning Province, China

Abstract: Carotenoids, as a group of over 700 valuable unsaturated terpene compounds classified as carotene and
xanthophyll family, are endowed with powerful nutritional value. Phytoene dehydrogenase is the key rate-limiting
enzyme in carotenoids biosynthesis pathway, involved in catalyzing the conversion from colorless hydrocarbon
phytoene to other pigmented carotenoids, and plays an essential central regulation role. The function of phytoene
dehydrogenases from different organisms exist diversity. CrtP, CrtQ and isomerase CrtH are essential for the
formation of lycopene in most Cyanobacteria, whereas PDS, ZDS and isomerase Z-ISO, CrtISO are in charge of
producing lycopene in most algae and plants. Nevertheless, there is only one Crtl-type for the formation of
neurosporene, lycopene or dehydrolycopene in most bacteria and fungi. In this review, isolation, characterization,
functional diversity, transcription regulatory mechanisms and phylogenetic analysis of phytoene dehydrogenase from
different organisms are illustrated. This paper will provide insights into phytoene dehydrogenase and may facilitate

the optimization of carotenoids production in genetic engineering strategy.

Keywords: carotenoids, phytoene dehydrogenase, functional diversity, phylogenetic analysis, regulatory mechanisms
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