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Ethanol metabolism coupling model between Arabidopsis pollen tube and stigma
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Abstract; According to the public database of Arabidopsis metabolism pathway, this paper constructed a metabolism
correlation networks model based on enzymes correlation. Transcriptional expression data of the interaction between
Arabidopsis pollen tub and stigma were used to mine significant differentially expressed genes. The significant
differentially expressed genes that encoded enzymes were mapped to the enzyme correlation networks model.
According to the co-regulation and inter-regulation model of the co-expressed enzymes in the consecutive steps for

metabolic routes, we proposed an ethanol metabolism coupling model between Arabidopsis pollen tube and stigma.
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1.1 ETFHE S EE

Boavida ] JH L B % ATHI [ 4> 5 K 4 (14 471]
P THPAE UK R A Sk 5 B 5 0.5H,3.5H Fl
SH 3k 1y ik ik, 75 3] T #Lpd I+ Affymetrix ATHI
FERZAF R 500 R B L AR SCRA s 4Lt Ak
i Ay HL A 38 R o B A T IR X R T AR S
FESK B B AE ML 54T 23 A ( NCBI 5 PR 2555 B0dls %
%5 . GSE27281)

1.2 MEFTERELHIE

KH Qin et al 5T 3RAS 1AL 48 T ALK RL A 0
RAEKY BRI FE 0.5H F 4H (AEHS (& 19 AE R
FIAERE Sk o A K A6 B 48 45 1008 245 (NCBI
FEH LR A B 95 : GSE17343)
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(1) AL RE I A3 a8 42 008 2 (hup 2/ www.
Arabidopsis. org/biocyc/) H1 R & I £ 48 SCF (TXT
R, RS A 540 MMUBERE, T 127 4
fitf,3 418 AL, 3 323 ML YIS NE,

(2) VRS ST r 1 PR 2 DTS R A 0T Ay AR
P28 A7 80, BT A 56 400 g v A Qi A2 s Sk (|
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(3) AR Do 2 A TR A I P it TR 1 BT
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YA SR B LA 2 WAk SO AR TS
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o AR E 5 B A AR TR IR R AR . 7RI
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Fig.1 The rules of constructing the metabolic network model

(4) TEHE T AT 25 g A0 Fry BE iy I, )
H Oracle £#iE 22 F1 SQL ( 5 ¥ AL A5 1)1 5 ) R SC
PEALER E S A TRERCHE SO P BRI A AE Y B K
FR LA LA X A Al Sz o 2R 2R T, AR 5
SQL /], 4 S0y ¢ F 2 Y 52 vy 4 -5 A A T2 S g
AR HEA T —— X 7, (] Ao 5 s iz 5 28 2K ) A 1l
S B A AT —— XS B,

(5) B Bx b3k P EHE b & AN 7 (H,
NADH, NADP, NADPH, NH,, ATP, ADP, AMP,
NAD, CoA, 0O,, CO,, Glu il pyrophosphate ) # JZ i
Ws A i sk .l T XNy I R AR
HL TR Y S A R E AR R AR5l
23T R T PO 2% 1) B HE R R — 20 1 R 8 N )
P il—E T4

(6) M H Oracle Fidli 2 3 Al SQL i#i4), 724
T 10X 28 Ay S AN U 1 Bty Ay SR -5 Tl —— X I ) O
o S UM A X 28 I 1Y) e AR AR oA B A

(7) % b —25 b O 2 A B A8 1 1) il 5 g — —
XoF 7 SR 2 AL ) 53 1 I 26 53 B 3R Cytoscape
R, SR A R 28T Cytoscape ¥ 15 L ELUL
PR, W 2(a) FiR,

1.4 EEFXESH

FLR AR (Gene ontology, GO) J&—MTEAYIME
BRI, B B AR =
AL oy T RE RN A Mt R AR SOl
P A= 0 I 2% 5 DR A A 3 B T 22 3K Cytoscape T
g — M (BINGO 2.3) % HIR U sk 3R 3k L A
1) PAELE 5x107° K F A TifeiA .,

1.5 =RER

ARSEAE /b — AR e B e S R0k JF H.
By RS IR 22 AR RO T4 T 2, iR R LR
AINTEET 1107 RYE R BlA o 25 S IR L]
ZS BT GO A3, Al LR B & 22 5+ 5L I 1Y
EYIIEE.
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P 4% HO # 3E

MY R I A & AR AR B (Chitp://www.
arabidopsis.org/biocyc/ ) H1 T A ] & 7% ( pathway )
FRIRECE ST, SO AL 3 A il g o A P 555
N B AF Oracle B8 22 FF SQL 15
A HR BN T AL A AR Sk v 22 S 56 PR e ) 1) Tl
TEAU R T P 28 A5 2 e 400 R T A A8 AT Sk A
Py ik A v A S 2R 3K R PR 4 A Y TRl 2R H R T
K 2(b, o), 705l J2 40 R 71 A8 B 45 FIVEE Sk 7E 52 it
TR R B AR A 118 A R G ) T 2 g A P 4L v A
RIZg R bRIC, B 2(d, e) 23 & U RS T AL # 4E F
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Fig.2 The metabolic network models of Arabidopsis, pollen tube and stigma
Hi: (o) SRS SRS ; (b) 58 R A2 AR ST AL MY B TR B2 00 o A R R 1) B PR T % £ T 7 00 s S 00 R A8 19 2% i ey
105 (o) 28BN R P PR Sk A0 M) 1 i v J A 1 PR O e 20 1y A A R A D R T A R 2% h BT () SURE ST AE R B AE 3200
A PR TR ) 2 DS O 0 ) P T A S 5 P 2R AR 5 () ELPRITT AR A 10 o T P e T R ) 2 DR O 4 ) ) T A K 9 2 A 2.
Notes: (a) The metabolic network model of Arabidopsis; (b) The enzymes encoded by differentially expressed genes in pollen tube during the process of
pollination were highlighted in the metabolic network model of Arabidopsis; (c¢) The enzymes encoded by differentially expressed genes in stigma during
the process of pollination were highlighted in the metabolic network model of Arabidopsis; (d) The sub-network constructed by the enzymes which
encoded by differentially expressed genes in pollen tube; () The sub-network constructed by the enzymes which encoded by differentially expressed genes

in stigma.
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TERIRIFAE Y h R 3 1 121 25 F 3 18
PRI R B T 1 468 2RI X s R
SRR B P i 3 A K PR LA B, T
PR 2 9 R 46 3 R AR AR 23 7 T L (BINGO 2.3) 17
SR WT IR AR A FIRE Sk 19 22 SR LR, R LK T8 43
) 25 S R 0 B SR TE TLAS 3 22K v, n e AR g i
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AR TR AL R 8 T SR AR (N 3)
(1) AT5G63620 %% Z, i Mt & g (alcohol dehydro-
genase) (EC:1.1.1.1) , ##fk Z B (ethanol ) %46k 2,
Ji% ( acetaldehyde) ; (2) AT1G54100 Zwtis 2 i i & il
(aldehyde dehydrogenase) (EC:1.2.1.3) 1k 2
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( acetaldehyde ) %% fb & B R L ( acetate );
(3) AT5G36880%h5% £, k4 i A A L (acetyl-CoA
synthetase) (EC:6.2.1.1) , #ALES PR LR (acetate ) F51k
R Z BT ( acetyl-CoA)

ARSI AER B T TCA RIS (ANIE 4) .
(1) AT2G17130 Zaihth 54746 2 o S0l (isocitrate de-
hydrogenase) (NAD+) (EC:1.1.1.41) , #E{bAF IR
S\ ( D-threo-isocitrate ) % 1k & 2 — % % — R £
(2-oxoglutarate) ; (2) AT5G65750 Fl AT3G55410 %
iy 2— 48 —REE AR E1 (2-oxoglutarate dehydro-
genase E1) (EC 1.2.4.2) ik 2—5U% B ER (2-0x-
oglutarate ) ¥4k W BEFAMEAHE A (succinyl-CoA) ;(3)
AT5G08300 %% 3% FAME A BE A 5 MU ( Succinyl-
CoA synthetase) (EC 6.2.1.5) , #EfL BE FA ML 4 i A
( Succinyl-CoA ) #% 4k b 3% FA PR £h ( succinate ) ; (4)
AT5G66760 i fith B FA R i 0¥ ( succinate dehydro-
genase (ubiquinone) flavoprotein subunit) (EC 1.3.5.
1) L BEFIBR £ ( Succinate ) 55 1k N 4E ] 2% iz £k
( Fumarate )

W EEAEERER I AR R ST AR T, SR
ZHARBT 2 53] TCA TEFMRHRFE T, (L AEH
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Fig.3 Ethanol degradation II in the Arabidopsis pollen tube

in response to pollination
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Fig4 TCA cycle variation in the Arabidopsis pollen tube in response to pollination

(1) P4~ 4808 JF 3 H ( AT1G20950 Al
AT4G04040) gmtid 6 - R S M54 W R B ( fructose-6-

phosphate 1-phosphotransferase) (EC 2.7.1.90) ., fi#
1k 6 — B fR 3 M % W% BR B ( fructose-6-phosphate
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1-phosphotransferase ) ¥ 16 kb (fructose-1) FIBE IR
(6-bisphosphate ) , /F M ( glycolysis IV ) fL i
TR ERIT IR UL,

(2) TEME B f AR 0 28 — 20 v, 2 W 45 oy
B W A 400 1 I o AT 4 ) SR Wl TR T 4 TG
(fructose-bisphosphate aldolase) (EC 4.1.2.13) [y
SEREDA, SROME R 1A 4 1 T LA A A SR (fructose-
1) . R (fructose-1) #5 4L Ky 3 — W5 R H M ( D-
glyceraldehyde 3-phosphate ) , 7 SCHE Wi 5 0% — B iR
P45 T ( fructose-bisphosphate aldolase ) 1 BE J& i
TR A WEAT O 40 R e

(3) "i A~ L B It & I ( AT1G16300 11
AT1G79530) Ffith H i1 % — 3 — B R it UMl ( glyceral-
dehyde-3-phosphate dehydrogenase) ( GAPDH) (EC
1.2.1.12) fi#fk D=3 - H il ( D-glyceraldehyde
3-phosphate) ¥4k 1,3 - B2 -D-HIMAR (1, 3-
bisphospho-D-glycerate ) .

(4) BER H 0 R I [ ( Phosphoglycerate kinase )
(EC 2.7.2.3)  fE4E 1,3- "B -D~HihiR (1,3-
bisphospho-D-glycerate ) ¥ 1t 4 3 -85k — D — H i iR
(3-phospho-D-glycerate ) , H 2 Y&, R I+ AU AT Sk
A i S0 G AL 3 TR S R R ) B P TS
1 3o T A 4R X S DR ) PR 2 A5 R S A R

( - BRI )

EC:2.7.1.90
6~ SRR Wiy

( P )

EC:4.1.2.13
A BRI A

( S )

EC:1.2.1.12
O- WA L W

BEsie—2,

(5)AT1G09780 %t 2,3 — - R H i R 4k it
P R H 3 PR A 37 B ( 2, 3-bisphosphoglycerate-de-
pendent phosphoglycerate mutase) (EC 5.4.2.1) ,
1t 3 -2 - D—H ¥l 2 ( 3-phospho-D-glycerate ) % 1k
A 2R -D—H ¥R ( 2-phospho-D-glycerate ) .

(6) AT1G74030 Zii 4 BEA (enolase) (EC 4.2.
1.11) 4k 22— R - D—H JH & ( 2-phospho-D-glycer-
ate) ¥ 4k 2 W TR 4 B P9 B B2 £8 ( phosphoenolpyru-
vate) ,

(7) V4 B B8 % W ( pyruvate kinase) (PKM2)
(EC 2.7.1.40) , f# {t 8% B2 4% B 4 R B2 £ ( phos-
phoenolpyruvate ) AL AN AR EL ( pyruvate ) | &M
it S e B — 2D R

AR TE B B v R BT LSRR AR
REE YT ( LBE) Y SCHERG . & 8 = Ul T Ak
( AT1G04040, AT3G17790 Al AT3G52820) % i
TR PEBEFR G (acid phosphatase) (EC 3.1.3.2) {4k
W2 M5 ( phosphate monoester ) ¥4 1t & Z, B ( etha-
nol) o FHLUK, W 48L e I e A 4 i 1 H i iz — A5
Jitf ( glycerophosphodiester phosphodiesterase) (EC 3.
1.4.46) , it 1k H ¥ 8% B2 — K i ( glycerophosphodi-
ester) ¥4k~ Z 1 (ethanol )
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Fig.5 Glycolysis-related metabolic routes in the Arabidopsis stigma in response to pollination
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Fig.6 Ethanol metabolism coupling model between Arabidopsis pollen tube and stigma
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(1) G EE LT FHLPERIER
IF, AERY A RO AE A A A 1A Sk 5 S 2 b o A
AR RE R BRSO T S R A S DI R

(2) R R E— 20 A RE R AE A A W i A1)
MRS REE Y LB,

(3) TEAERYE vh QB 3 11 R, ik — 2D AR
WA ST A (acetyl-CoA) ,

(4) CTHIHE A (acetyl-CoA) = 5 B LK & 1Y
TCA FJEHRL AL R HE T ATP =8 a3, i 1€
oy iy PR AR AR AL T RE R ORI

25 b TR T AE R A FIAT Sk () B AR W 2 1)
B ST R RG AV K B U I ER
AR S A A 2 0k D BTl 3 ] 2 41 2 M 45
Bk Mt TR T A E AR M A |t — 2D 4%
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HESk FPoRE AR A A B iz BB h i S
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TEAE ST | ARGV PR B 1 A K BT i 2 1 fE et
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