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1 Background

About in the 13th century, carrots were introduced to
China from Iran and developed into the Chinese
ecotypes .

The carrot contains a lot of nutrients, including
carotenoids. Ca. Fe. Vitamin B1 . Vitamin B2 .
Vitamin C.

In addition, carrots contain plant fiber , which can
gmote intestinal peristalsis



The functions ofp-
carotene

* 1Protect eyesight

» 2 Enhance immunity
- 3 Antioxidant

* 4 Cancer prevention

- B Prevention of cardiovascular
disease




The biosynthetic pathway
of p-carotene
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* Phytoene synthase (PSY) catalyzes the
first committed and rate-limiting step
of carotenoid biosynthesis , As the first
pathway-specific enzyme in carotenoid
biosynthesis, phytoene synthase (PSY) Is
a prime regulatory target.it is important for
us to study the PSY on the way to improve
the content of b-carotene in vegetables.
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Analysis

» Carotene have important nutritional
value, PSY is an important rate-limiting
enzyme in carotene synthesis process,
having an important significance for
improving the carotene content. But
there are not enough research on PSY i
carrots , so our group are aimed to
structure prediction and analysis of th
PSY in carrots .
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2 Construction of evolutionary
Tree

Amino acid segquence

>sp| Q9SSU8|PSY_DAUCA Phytoene synthase, chloroplastic
OS=Daucus carota GN=PSY PE=2 SV-=1
MACNFAVRVIYYPKEIHGVSVLNTNRSRKSRFSCRVMKLSTG
VSAVAANPVRTSEERVYE
VVLKQAALVREEKRSSRGLCLDTKRTGSKSFDKSENDDAGMK
SWNLLNEAYDRCGEVCAE
YAKTFYLGTLLMTPERRRAVWALYVWCRRTDELVDGPNASHI
TPKALDRWEKRLNDLFDG
C{BYDMYDAALADTVSTYPVDIQPFKDMIDGMRMDLKKSRYQ
TFDELYLYCYYVAGTVGLM
SVPVMGIAPESKATTESVYSAALALGIANQLTNILRDVGEDA
RRGRIYLPQEELKLAGIT
PEYIFKGKVTDKWRSFMKGQIKRARMFFDEAEKGVAELSSAS
RWPVWASLLLYKQILDAI

AND YDNFTKRAYVGKAKKLVSLPLAYSRALFAPSTVR




blast

Distribution of 100 Blast Hits on the Query Sequence &

XP_003545292 PREDICTED: phytoene synthase, chloroplastic-like [Glyci.. 5=540 E=0

Color key for alighment scores

40-50 80-200 »=200

Query
[ [ | | |
1 fo 140 210 280 350
0855U8.1 RecMame: Full=Phytoene synthase, chloroplastic; Flags: Precursor =
ACRG61392.1 phytoene synthase protein [Fragaria x ananassa]

XP 002306754.1 predicted protein [Populus trichocarpa] =gh|EEE92750.1| predicted |
HXP 002283183.1 PREDICTED: phytoene synthase, chloroplastic isoform 1 [Witis wvinifer:
CANTO87E.1 hypothetical protein VITISY_032970 [Vitis vinifera]

XP 003633261.1  PREDICTED: phytoene synthase, chloroplastic isoform 2 [Vitis wvinifer:
AP 003532084.1 PREDICTED: phytoene synthase, chloroplastic-like [Glhycine max]

ME 001239926.1 uyncharacterized protein LOC1007765032 [Glycine max] =gb|ACU1853¢
AP 003519534.1  PREDICTED: phytoene synthase, chloroplastic-like [Glycine max]

XP 0035452583.1  PREDICTED: phytoene synthase, chloroplastic-like [Glycine max]

XP 002442578.1 hypothetical protein SORBIDRAFT_08g022310 [Sorghum bicolor] =ghb
KP 002271575.1  PREDICTED: phytoene synthase, chloroplastic [Witis vinifera)
CBI27361.3 unnamed protein product [Vitis vinifera]

CBIZ22078.3 unnamed protein product [Vitis vinifera)




Conserved sites :

predicted by clustw?2

Populus

Manihot
Cucumis

Salicornia
Lrabidopsis
Brazsica
Fragaria
Vitis

Glycine
Sorghum
Zea
Daucus

LIMTPERRRAINAIYVWCRRTDELVDGPNASHITETALDRWEARLEDLEQGRPFTMMDAR 219
LIMTPERRRAINAYVWCRRTDELVDGENASHI TETALDRWEARLEDMFRGRPFIMLDAR 214
MIMTPER QKR I WA YVWCRRTDELVDGPNASHITPTALDRWEARLEELFQGAPFIMLDAR 215
ULMTPTRRKAINA Y VWCRRTDELVDGENASHITETALDRWEARLEDLESGRPFIMLDAR 205
LIMTPER AR INA I YVWCRRTDELVDGENASHI TEMAL DRWEARLEDLERGEPFIMLDAR 210
LIMTPERRKRINATYVWCRRTDELVDGFNASHI TEMAL DRWEARLEDLERGRPFIMLDAR 212
LIMTPERRRAVWAIYVWCRRTDELVDGENASYITPKALDRWEKRLTDLFEGRPYIMYDAR 183
LIMTPERRRAVWATYVWCRRTDELVDGPNASHMIFKALDRWEQRLIDLFEGHPYIMYDAR 182
OLMTQER KR INA I YVWCRRTDELVDGENASHI TPKALDRWEQRLYDVEEGRPYIMYDAR 180
QLMTPER RKRVWA Y VWCRRTDELVDGPNASYITFTALDRWEKRLEDLFEGRPYIMYDAR 192
QLMTPER RKRVWA Y VWCRRTDELVDGENASYITFTALDRWEKRLEDLFEGRPYIMYDAR 189
LIMTPERRRAVAIYVWCRRTDELVDGPNASHI TPKALDRWEKRLNDLEDGQPYIMYDAA 189
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Populus
Manihot
Cucumisz
Salicornia
Lrabidopsis
Brassica
Fragaria
Vitis
Glycine
Sorghum
iea

Daucus

Populus
Manihot
Cucumis
Salicornia
Lrabidopsis
Brassica
Fragaria
Vitis
Glycine
Scrghum
Zea

Daucus

LANTVGEFEFVDIOQPFE DM IQGMEMDLRKSEYONFDEL Y LYCY Y VAGTVGLMSVEVMGIAE
LSDTVTIEFEVDIQP FKIM I EGMRM DL KSR Y KN DEL Y LY CYYVAGT VGLMSVEVMGIAL
LANTVIKFEVDIOQPFEDM IEGMEMDLRKSEYKNFDELYLYCYYVAGTVGLMSVEVMGIAF
LCDTVIRFPIDIQPFEIMIEGMRLDLRKSEYKNFDELY LY CY Y VAGTVGLMSVEVMGIAE
LADTVARYEVDIQPFRIMIEGMRM DL KSR Y ONEFDDLY LY CYYVAGT VGLMSVEVMGIDE
LANTVARYEVDIOQPFRIMIEGMEMDLRKSEYKNFDDLYLYCYYVAGTVGLMSVEVMGIDE
LSDTVIEY EVDIQP FKIMVEGHME LD LR KSR Y ONEFDEL Y LY CYYVAGT VGLMSVEVMGIAL
LSDTVAKYEVDVOPFEDMIEGMRLDLRKSEYNSFDELYLYCYYVAGTVGLMSVEVMGI SE
LSO TVSEYEVDIQPFE DM IEGMR LD LR KSEYNNFDEL Y LYCY Y VAGTVGLMSVEVMGIAE
LSDTVSKFEVDIQP FKIMIEGMR L DLW SR YMT FDELY LY CYYVAGT VGLMT VEVMGIAL
LSDTVSEFEVDIOQPFEDMVOGME LD LWESEYMT FDELYLYCY Y VAGTVGLMTVEVMGIAF
LADTVSTYEVDIQP FKIM I DGMRM DL KSR Y QT FDEL Y LY CY Y VAGT VGLMSVEVMGIAL
R EKH s kekaERkkeEREoakER kR RAAR KN REANEEEARRERAARRANEEE ¥
ESQASTESVYNRALALGIANQLTNILADVGEDARRGEVYLPOQDELAQAGLSDDDIFAGEY
ESQASTESVYNRALALGIANQLTNILADVGEDARRGRIYLPODELAQAGLSDDDIFAGEV
ESQASTESVYNRALALGIANQLTNILADVGEDARRGRIYLPODELAQAGLSDEDIFAGEY
ESKAPTESVYNRALALGIANQLTNILADVGEDSRRGEVYLPOQDELAQAGLSDEDIFTGEV
HSKATTESVYNRALALGIANQLTNILADVGEDARRGEVYLPOQDELAQAGLSDEDI FAGEY
HSKATTESVYNRALALGIANQLTNILADVGEDARRGEVYLPODELAQAGLSDEDI FAGEV
ESKASTESVYNRALALGIANQLTNILADVGEDARRGRIYLPQDELAQAGLSDDDIFEGEY
DSKASTESVYNRALALGIANQLTNILADVGEDARRGRIYLPODELERAGLSDDDILEGEV
ESKASTESVYNRALALGIANQLTNILADVGEDARRGEVYLPOQDELAQAGLSDDDIFEGEY
DSKASTESVYNRALALGIANQLTNILADVGEDARRGRIYLPLOELAQAGLTEEDIFEGEV
DSKASTESVYNRALALGIANQLTNILADVGEDARRGRIYLPLOELAQAGLTEEDIFEGEY
ESKATTESVYSAATALGIANQLTNILADVGEDARRGRIYLPOEELELAGITPEYTFEGEV
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278
274
275
285
270
272
243
242
240
252
248
249

338
334
3335
3235
330
332
303
302
300
312
08
309



Evolutionary tree
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borghum bicolagr

Daucus carrot




3 Analysis of the PSY
structure

2D Structure
Predicted by garnier(v6.0.1)
- Helix: 163 42.7%
- Sheet: 100 26.2%
» Turns: 75 19.6%
- Coils: 60 15.7%



http://weblab.cbi.pku.edu.cn/program.inputForm.do?program=garnier(v6.0.1)

228-246 alpha helix




Transmembrane region
prediction

TMHMM posterior probabilities for psy_Daucus
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The relationship between the
number of three amino acids

Transmembrane amino acid
E/r/acellular amino acids

Membrane amino acid
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XFPSY 1R #E1T 7P

> I PEPSTAT S 4 X psyx H 34T 70 #r

+ PEPSTATS of psy Daucus from 1 to 398

Molecular weight = 45199.79 Residues = 398
Average Residue Weight = 113.567 Charge =12.0
Isoelectric Point = 9.3232

A280 Molar Extinction Coefficient = 67990

A280 Extinction Coefficient Img/ml = 1.50
Improbability of expression in inclusion bodies = 0.769




Fe=idue Humber Maole% DayvhoffZtat
A= Ala <:Z§{::> g, 799 1.139
E = A=x 0 0. ooo 0. ooo
C = C¥s T 1.759 0. 6086
I = A=sp =5 B. 251 1.14=2
E = 3la 24 E. O30 1. 005
F = Fhe 13 3. 266 0. 9aT
> = Gly 21 5. 27TB 0. 625
H = His=s 2 0. 503 0. 251
I =1TIle 15 3.Te9 0. 535
J = - ] 0. ooo 0. oo
K = Lys T.035 1. 0BA
L = Leun 1w o, 045 1. 222
M= M=t 12 3.015 1.774
H = A=n 13 3. 266 0. TeO
o= -— o 0. ooo 0. ooo
F = Frao 15 3.Teg 0. 725
0= Gln (5] =Z.010 0.515
E = bz S, 040 1.641
S = Ser T.0O35 1. 005
T = Thx 5. 276 0. 365
U= -— o 0. ooo 0. ooo
¥ 30 T.538 1.14%2
W T 1.759 1.353
X 0 0. ooo 0. ooo
T 22 5. 528 1. 626
z o 0. ooo 0. ooo




Property Residues Number Mole%

Tiny (A+C+G+S+T) 116 29.146
Small (A+B+C+D+G+N+P+S+T+V) 199 50.000
Aliphatic (A+I+L+V) 120 30.151
Aromatic (F+H+W+Y) 44 11.055
@C+F+G+I+L+M+P+V+W+Y) 121754523 >
Polar (D+E+H+K+N+Q+R+S+T+Z) 181 45.477
Charged (B+D+E+H+K+R+Z) 111 27.889
Basic (H+K+R) 62 15.578

Acidic (B+D+E+Z) 49 12.312




4 Prediction of the 3D

structure




PSY Structure Blast

Details of selected Models/Structures o

YOoUr guery was: QoOSsuUs
1 =98

1=9 =25
Colors: Query | Structures | Models |

Analyzed residue range: from 139 to 325

Domain anmnnmnotation: [ InterPro ]| &
SIS PSSy -

QoOosSSUgS = PSY_DALCS  Phytoene synthase, chloraoplastic; EC=2.5.1.22; Flags:
Precursor; Daucus carota (Carrot).

l Change Selection ]

Models:

Index Model Rel. Prowvider Twype Templates SE'!-q-'b id from to
a [show] L MY SIGE RO T SZipiA - 3 2%0 2058 273
pr. [sShow] = MODBASE S 1ezfo = 20%0 110 398
= [sShow] = MY SIGE RO T ZipiAa - 18 % 1=9 325




Deviation score of eac
Modle

Deviation Score of each Model/Structure

1

distance from mean

O =MNWENd~N®DO
1
1

140 f

- Aoy i

B = =
— — |

220
240
300
320

= =
e~ e

residuese index

model 1, seglD 32%
model 2; seqgll 20%
Fig. 2z Local (per residuse) dewviation of individual models/structures

from mean of the ensemble of models/structures based on a
distance RMSD (dRMSD). @

model 3, seqlD 18%




The part of 3D structure




PSY 3D Structure




Next step

* We hope the predictions of protein
structure can help find its substrate
binding domain. By changing the
substrate binding domain structure,
we can improve its activity to
promote the synthesis of carotenoids.
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The end
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