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Proteomic Analysis of Differentially Expressed Proteins in

Luffa cylindrica During Fruit Development

Chen Mindong, Wang Bin, Zhu Haisheng®*, Li Yongping, Liu Jianting, Wen Qingfang*
(Crops Research Institute, Vegetable Research Center, Fujian Academy of Agricultural Sciences,

Fujian Engineering Research Center for Vegetables, Fuzhou 350013, China)

Abstract The fruit development of Luffa cylindrica is accompanied by obvious morphological transitions
and complex physiological and biochemical changes, which all affect the fruit postharvest life and quality. To

explore the function and regulation of important proteins during the fruit development of Luffa cylindrica, the
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protein expression level of three different fruit development stages (5 days after flowering, 15 days after flowering
and 30 days after flowering) was determined by using isobaric tag for relative and absolute quantification-liquid
chromatograph-mass spectrometer (iTRAQ-LC-MS/MS) methods, and the differentially expressed proteins
were identified, then the subcellular localization, GO (gene oncology) and KEGG (kyoto encyclopedia of genes
and genomes) pathway of them were analyzed. A total of 709 proteins significantly differentially expressed
were detected, among them, 209 proteins were coexisting in different fruit development stages, of which 118
proteins were up-regulated and 111 were down-regulated. The results of subcellular localization showed that the
differentially expressed proteins were mainly localized in the chloroplast, cytoplasm and nucleus. GO analysis
founded that tetrapyrrole binding, peroxidase activity, oxidoreductase activity, heme binding and antioxidant
activity were the five main molecular functions of differential proteins, and hydrogen peroxide metabolism, stress
response and defense response are the three main biological processes involved in differential proteins. KEGG
pathway analysis showed that the differential proteins were mainly enriched in three metabolic pathways, which
were biosynthesis of secondary metabolites, sugar metabolism and DNA replication, respectively. In this study, 36
target differentially expressed proteins were screened, which might play an important role in the fruit development
of Luffa cylindrica. Among them, PAL, C4H, 4-CL, COMT and CAD were the key proteins to regulate the
phenolics and lignin biosynthesis in fruits. PAL, POD, PPO, CAT and APX were involved in enzymatic browning
during the later development stage of fruit. SS and a-AL played an important role in sucrose accumulation and
starch degradation of Luffa cylindrica fruit. The above results will help to further clarify the regulation of Luffa
cylindrica fruit development, and provide theoretical support for guiding the selection and cultivation of Luffa
cylindrica.

Keywords  Luffa cylindrica; fruit development; iTRAQ-LC-MS/MS; proteomics; protein function
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Table 1 Number of differential expressed proteins in different periods

P T 401
ZEREA

Sample stage
Differential protein

B/A C/A
Up-regulation (>1.3) 185 300
Down-regulation (<1/1.3) 172 281
Total 357 581

A JEJE5R; B AEJ 15°K; C: E/E30K. Rl
A: S days after flowering; B: 15 days after flowering; C: 30 days after flowering. The same as below.

B/A C/A
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Fig.1 Subcellular localization of differential expressed proteins during luffa fruit development



1810 - BEFTIRIC -

B/A

Percentage of protein (%)

e

0 T T T
1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26
Cellular component Molecular function Biological process

501 C/A
40 1
9 -
g
Q
2 30 -
a
G
o
(9]
20 A
=]
3
2

10 A

o LT To =

1 23 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

Cellular component Molecular function Biological process

1=7: A2 Sy o 1: A, 20 A ES: 3: AR 4 K> T EW; 5: MUALIX; 6: By AW, 7: IRES G IEME . 8~16: 73 T HIRE. 8: 45ar; 9: fiEfk
RS 100 HUELIETE; 11: BEIS Ay 120 5404 7ib bk, 130 s BOMAS 1E; 14: 20 7 IhRe e 15: BIRAS S 3k R bt 16: B IR MG
Pho 17~26: A4 AR . 17: ARUEERR; 18: 4TI R 19: B AR MR AR 200 BN 210 s 220 AR R 23: AN 4141 24: 240
HYULFE; 25: 155, 26: KA L.

1-7: cellular component. 1: cell; 2: organelle; 3: membrane; 4: macromolecular complex; 5: extracellular region; 6: supramolecular complex; 7:
membrane-enclosed lumen. 8-16: molecular function. 8: binding; 9: catalytic activity; 10: antioxidant activity; 11: transporter activity; 12: structural
molecule activity; 13: electron carrier activity; 14: molecular function regulator; 15: nucleic acid binding transcription factor activity; 16: nutrient
reservoir activity. 17-26: biological process. 17: metabolic process; 18: cellular process; 19: single-organism process; 20: response to stimulus; 21:

localization; 22: biological regulation; 23: cellular component organization or biogenesis; 24: multi-organism process; 25: signaling; 26: developmental
process.

E2 ZIRLXEFIEEREBGON

Fig.2 Gene Ontology analysis of differential proteins during luffa fruit development
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Fig.3 Gene Ontology enrichment analysis of differential proteins during luffa fruit development
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Fig.4 KEGG pathway enrichment analysis of differential proteins during luffa fruit development
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Fig.5 Protein abundance of differential proteins involved in secondary metabolite

biosynthesis pathway during luffa fruit development
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AARZE ; POD(0006427 F110022018) A1 PPO(0050171)
FEAE JG 15 R AI30 R A I A 35 3R 30 R Rk & 7 i o
CCoAOMTZ it HAE AL JG ISR R IEKFTHar,
J& B A6 JE30R Tk KA AAE. CAT. APX,
ODD. HMGS. CHLIFIPOR 6ff % 5 & (4~ i %
ik, H ', ODDFHMGSTETE 5 15K Rk K F%,
Z JE B IE30R KIKKFHEAARAE ., CAT. APX,
CHLIFIPOR (1) 3R 1K 7K - 7E 4% J5 P AN ) 3 2 87 1 B,
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ZACE30K R AR

262 ALEERHBGERES AHE IR
N EREHSEZ)NR AR RS R, f352
AN B-%1 %5 # 17 ¥ (beta-Glucosidase, BLG)(0040270
F0035113) 14~ D)% ZE e (cyanogenic beta-
glucosidase, ENG)(0000012). 2™ ¥ & BB (sucrose
synthase, SS)(0006822#10043861). 2/~ Hiki sk &
VN & Al (granule-bound starch synthase, GBSS)
(0010385F10008834). 14~ o-iE ¥ 1 (alpha-amylase,
a-AL)(0040106)F1 14> P4 Fi % 54 B [7] T B G(pyruvate
kinase isozyme G, PKG)(0012076)(El6). I i 3 ik
EHEHEBLG. SSHla-AL, T & H B F5ENG.
GBSSAHIPKG, H: 1, a-ALFISS(0043861) 1] £ 1 /K

PR 22 MR S AR KR B I R B 3 T BLGAI
SS(0006822)7E 4t f5 15 R KB /KT BTt m, 2 5 %
1EJG30RKIEKTFIAANAE; ENG. GBSSHIPKGTE
IR 1SRRIEKFHR TR, 25210 /530RKIE
IKPIEARAAE

263 ALDNAG#IEREE  AWFFILRSG
6N EREH S5 2 N W FIDNA S fil@ e, 3
AN G 0 R 4E 5 B F1(MCM)(0046934 0009864
F10032580) 1 3/~ & il 5l ¥ (replication factor, RF)
(0056256, 0034528 F10010283)(&7). MCMAHMIRF
FI5N RIS, MCM 2 57 85 (7K P Bl 22 IR s A4
KRB IEW T B, RFZ 78 A TEAL G 15 KRR KFE
W5 N B, 2 G BITE JR 30 R RIE KT HA R,
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Fig.6 Protein abundance of differential proteins involved in glycometabolism pathway during luffa fruit development
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Fig.7 Protein abundance of differential proteins involved in DNA replication during luffa fruit development
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REPERKERE R —NERNED LR, W
SR LR R A A AE A A S AR . B R A
ThRe ) £ AR E FIPAT &, B & A A S Re
BT R A AR A X 4% 5 A T R AR SR SEAE KR B I R
(1) 53 1 A BRI, R BT 9% K FiTrag-LC-MS/MSH: R
I3 M 22 R SEAS [F) R B B B A IR IEKCF, 4%
JE B 22 A 7094, Horh, 1B 22 N SEAN AR & I
WL FE AN EREAA229, LEEAA118Y,
TNREAA A, @ EYE B0, Wik
H 36/ E 22 R SE kB ik F8 k4% EZAE I H AR 2
FE M. X R E AR S 53 HEENR SRR,
B UR A AR = A= 0 6 B B AR T FIDN A il %
%o

RARGHEAEY) EE R A drigsh. EYIRER
W= R 2, RIS AR BRSANHE A,
X AR A KR B L 5 iR
HE/EHE, R FILR[14M S 5 22 N SR
AEARE = A A R 2 S B L, BLFEPAL. C4H.
4-CL. CAD. COMT. CCoAOMT. POD. PPO,
CAT. APX. ODD. HMGS. CHLIFIPOR, H:H1, -
WHRIEEAWFEPAL. C4H. 4-CL. CAD. COMT,
CCoAOMT. PODFIPPO, T 1 1% & A L FECAT.
APX. ODD. HMGS. CHLIFIPOR. PAL., C4H.
4-CL. COMT. CAD. PODAICCoAOMT 7Ff%: 57
5P SR T 2 )G AR P, AR
5t #1, PAL. C4H. 4-CL. COMTAICAD 5Ff %
WA R FRIE K 2 T, 2 IR S & F i i
RINFEEDE SR, By KR REYRRES
F8Co i SNBSS P R v A i B R A I T
22 R A By SR 4 7, RIN 22 IR A & a4
JeIRRG . SRR R AN 2 P56 2 P 2R, I HxX Lo
K& B SPALIEMEEYIM G Kl 0o S0 1 [
HEZEIOTRIE 52 J BIL, PAL. CADARI4-CLJE 22 JR S sk
B FE S T o s SR, AR R NA K
W ICHEAE . IS S0 T B B M (Populus
tomentosa Carr.) IR EYEE RGN A iR IANE, 25
F 9, PtCAD. PtCOMTAHIPtPALS: 5 H KR K14
BOL R Bk, 78 5% S (Preridium aquilinum)®%, Bk
(Amygdalus persica L) H P ALK K H it FEAR
Ji & & & BT & 8 5PAL. 4-CL. CAD. PODAI
CCoAOMTI1 R R IE A Ko HHULHEN, PAL. C4H.

4-CL. COMTHICADT] R & i 22 TV 5 4 oy S5 A
KRERAG RIS CHED. MREREXT TS
WA R, 1 — DA B P, AT 5] S 2R
AR, HARKRY, 5 RN MK 3 %
HFEPAL. PPO. POD. #EE Y HAL A (Superoxide
dismutase, SOD). CATHIAPXE>*3, 75 & A Fi/KF,
#1735 8 (Nelumbo nucifera)f)#57% 5 SOD it 4218
B H L AL P (thioredoxin peroxidase, TPx) T i3
A KB, POD AR T 8 5| M 24 i R B AR
Bt ) 5, S8 R (Ferocactus viridescens) R Ji
KAMAEP, m R B (Pyrus spp. )R B P # A2 L FE AT
REZPPOMIPOD L i 1A HL A1 F (1) 45 S5, AH
T E FISHEFEATRS 5267, 751N
PAL. POD. PPO. CATHIAPX, ¥ M kA4
AW B 3 A A A O 2R T A A 3 AR
Hlife, HHPAL. PODFIPPON i3k, CATHI
APXCN T ESRIE, 510 N MR FU 45 FAH [FB, thab,
AR AE W FE AT A EEAT T 08 22 IR D) 4R R 1)
sk 22 % M 3R 3K48 T PAL. PPO. POD. SOD
FICATZH BFHE R, X LR 2 5 1A % 12 DL A
BT A A A 5 AR A T 25 S AH — 1270,
H e HEN, PAL. POD. PPO. CAT. APX 5fh %5
AW RESE 2 NS K E 5B 872,
Bl B 2 22 TSR S ) B, PAL _E il R IA (R F Y 25 &5
i, CATFIAPX T I 3R 1E, T 8B4 M N i A B,
JIEC 35 1 388 0, 55 PPOAIPOD 5 12k e o, A= BB 2K,
MR AL . WK EFE R R KA &
e, B, REYMRAERR Y — A EE
Folle REFFRFRAFIZEFEASH 2N RER
i, Bl ODD. HMGS. CHLIAIPOR. ODD% 5%
Rl M 2 1) A O R . XSS 4 T FE S
ODDXERI R IE, K IZEE AT G812 £ 26 2548
W TR . HMGSHIA AR A g m i
KHERY. CHLIFIPOREZE S S5HEYIM SR A .
ODD. HMGS. CHLIFIPOR 472 535 (4 75 22 IR
SR BN RRIE, YR 2 IR S K E S I
T RN, R R A RSZ R, TR B ARk 2 22
SR I B RRAE

B 0 1) B AR SR S TR R S B AR
MREEHIAMEREAS S 2 MNELAKE
T2 0 #E A 15, BHBLG. SS. a-AL. ENG. GBSS
MPKG, I id£IAHE H M HFEBLG. SSHa-AL,
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VA ¥ 2 (1 F5ENG. GBSSAHIPKG, H 1, a-ALAI
SS(0043861) P i 7 57ttt FH /K178 22 IR LA KKk
BRI E A S a-ALE i 5 A7 7E 3 )
TE YDA A ) o ) — o B B SE Ry K . T AN AE S
R(Malus pumila)*®. FAKJN(Carica papaya L.)*{]
BT I, R S ) O R A B - ALY A 2
1k, I B HIGEVE B E VER & B I PR R 2T i o
AWFEH, 22 Ro-ALWE FIRIE, T5Ek & b
GBSS Tk, X —45 Ry, 2 /NRLMEE L
FEVT BEATAEVER IR . SSIE IERE & 1% 1) S
By, mEMESEARLKEREHEET S, X5SSE
R EREREME . 2R KE RS, SS
AR R RIA, UL SR SEAE R F I AT e R RE Y
B BRI, TEREAH (Citrus reticulate)*, 7
it IN(Cucumis melo L.)*V%5 2 Fh BLSE ) AR Kk F b,
SSHS R A AR AR b HEDN, SSHla-AL W]
RETE 22 JIHL SRR A (1) SRARFNGE M 10 B i Rl 6
BAEH, RBla-ALF) BRZRIE T 22 IR S e ¥ (17K
AR R, T B K S P IAE SSBIAE F T 6 BCRE M
BLG. ENGAHIPKG 3Ff 5 [ 5 F 5 v 4 4l 1 1 R AR
H5%, BLGFENG/E T 21 4E £, T E I ThhE e K 4f
A 2B R T & BE . PKGA2 W B i F rp 1 32 TR
TR, WE T AR 2 A 2 O [ AR G AR R AR
M FIHEAT . BLGTEZ2 N SE Rk B2 Bl
ik, ENGHIPKG Rk, 22 NRSLR B . 5
WA &S ) R A

REWIREW KM AEKSEEERE, &
W% 2 3 FIMCMAIRF 20 2 R E A5 54K
ARG . MCMIP/K AR 4 B AN [F] (1) 3 58
A SLI0 &I, MCMAE 3 58 41 i o 2208 7K~ 1=,
TE & L B2 f A2 4 48 Bl AN Rk 5K AR,
I T — e R 4 g 1 B A JIEST, RFZEDNA
SHIFMESE KA RS E S il A K A A =
BhRe. (RN SLf A K FEH, MCMAIRF 27
AR TR, U XS I AR
SETEPRIR o [RIREHE, 75 R A TCR & 5T s 2
AKETE ZE R EOREES 5DNAE f]l. rRNA
Sab TR 200 i JE A A A e AR

WA, AW TTE KN, &5 7 i A AR 22 )R
SERBAEREREEH. L8 EE(aldehyde
dehydrogenase, ALDH)(0009719) & — it 85 2 [ 10 5%
W N EE [, 2 5EY 2 s a g fE . ALDH

TE22 NAK R B b R v b 380k AT B85 B 458
i A 9. TEXuSEIRIE 5T 1 35 B S S pl 2 FE o,
ALDHEE K 5 ) R IE B A A5 R —5. 48
Jitl {4, 2 P450(cytochromeP450, CYP450)(0023188)%
GANIARL Y SMEY I 3 BRI, 22 R SR
KK B FCYP450FKIE KT 12 Wi F 15, HEMCYP450
A RES 5 22 IR L2 - DI Re T U 7%

gZib, MR L RELENZEREATESE
AR =AY G R FEAR I ATDNA S H1]34MM%
Wt fE, b, PAL, C4H. 4-CL. COMTAICADH]
RE A U 425 SR S P 9y S J5 RN R Jo 3R 6 B ) S O
%M, PAL. POD. PPO. CAT. APX 5fh% =& H
et A 2 5 R LK F 5B L4572, SSHla-AL
AT AR AE 22 JICER S JRE A 1 SR ARURIE o 1) B it R e
HEMEH.
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