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WE: N TS N(Momordica charantia) R 55 5 R ZE S W R, DUE PIBIFR R “LX1-3° FUEE A BUFS < ZK 54 i k), W SRSk
B IR P R EE A 5y B i S OGBS MEREAT T b . SRR, 15 17d, LX1-3 RSEMIBIR(FD). E4R(FLD). RPEE
(PT). HJRELR S (FFW)FIT i E(FDW) YT ZK54° . A IEELH 2y FIRRE MR DL PRI 2 57, KA PESR IR & B KPR
IAERRETEHRAE, HY5PT. FFW fil FDW 283 EHE; 185 17~23 d ‘LX1-3° 14748 R (HCE) M 4F 48 % (CE) & &
BT ZKs4> ;s 65 3d, BRI B AU BE(S-Gal) Rl f-AWEL BE(8-Xy)id M 038 T 3Ath 3 NI, 2 R APLAL MR
BE(PG). p-Gal FIRHEAALEH 5 B T R RSN B R & BB — 3. -Gal. B-Xyl L 4ERBEIEVES 5 MEKME
AR 24K 53/ B A%, PG 5 FD. FLD fl PT 2455/ BE AR, Kk, 40fubEd o5 Flgis 5 Rk 8 % U,
B-Xyl Fl -Gal 7E3 N K & R HE EER0N, T HCE #1 CE % 52 5 K & s Bk,

Kl N RS KE; difREEA S BRE

doi: 10.11926/jtsb.4699

Differences of Cell Wall Components and Related Enzyme Activities in
Momordica charantia Fruits at Different Development Stages

QIU Boyin, LIN Hui, ZHANG Qianrong, LI Yongping, WEN Qinfang, ZHU Haisheng", LI Dazhong"

(Fujian Key Laboratory of Vegetable Genetics and Breeding, Fujian Engineering Research Center for Vegetables, Crops Research Institute, Fujian Academy of

Agricultural Sciences, Fuzhou 350013, China)

Abstract: In order to understand the causes of fruit quality differences in Momordica charantia, the contents of
cell wall components and related enzyme activities in thick flesh-type ‘LX1-3" and thin flesh-type ‘ZK54’ were
studied during fruit development. The results showed that diameter (FD), lumen diameter (FLD), pulp thickness
(PT), fresh weight (FFW) and fresh weight (FDW) of fruit in ‘LX1-3" were all higher than those in ‘ZK54” at 17
days after flowering (DAF). The contents of cell wall components and related enzyme activities were different
among cultivars. the content of water-soluble pectin in ‘LX1-3” was higher than that of ‘ZK54’, and it was
significantly positively correlated with PT, FFW, FDW. The contents of hemicellulose (HCE) and cellulose (CE)
in ‘LX1-3” were higher than those in ‘ZK54” at 17-23 DAF. The activities of f-Gal and -Xyl of both cultivars at
3 DAF were higher than those at the other three stages. The variation trend of PG, f-Gal and pectinase activities

was consistent with that of ionic pectin and covalent pectin. The activities of f-Gal, f-Xyl and cellulase had
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(extremely) significantly negatively correlated with 5 growth traits, as well as PG with FD, FLD and PT. Therefore,

cell wall components and enzyme activities were closely related to fruit development. 5-Xyl and f-Gal played major

roles in early fruit development, while HCE and CE had great influence on middle and later fruit developments.

Key words: Momordica charantia; Fruit; Development; Cell wall component; Enzyme activity

5 [N(Momordica charantia) NEH 7 FH Cucurbitaceae)
wNEEY, BEFRMER, FBFIIEZRRE, 21
PHATE I 5 5 b X B ZE R g S 2 A2, %
T I BT B 7 B AT 3 B R AR IR R R X
R o g A 48 D7 T 1200, 0 T R o B R B ik
JR PR Sy AR b o AR N E R it s, SR
JE o B JE SRR X 5 T ) 42 5 M S S B
FOU R AN AS A 2 AR K /N T 388 S5 O BR 38 1) 82
me L KU, FEYAH L ) AN Z G N A BE , FE 4Ry
MATEAS FHIAMETE . #1357 A
BN ) 240 P e A48 B L 27 4 3K (cellulose,
CE). £ 4k & (hemicellulose, HCE) /b & 25 [ i fl
W ERST, KA. B, KpSdEFRES
A B B AH OC I 1) 2 5 NP R % . ERIERI 5 R
TSR E IR A EE ) 5T SR O B AR A R
A, ORI AR S it ot 22 e A B4R S

M BE ) S5 04 5 oy R ZHEA . da SR A
HIAN [F TR I 22 7 o W LR B, AN B SRR (covalent
pectin, CSP). HCE # CE ¥ & F#MIK AT RE 2 B4 (Pyrus
pyrifolia) R % (Vaccinium corymbosum)'%. 111 ##
(Crataegus pinnatifida)". RJK(Carica papaya)l'®. 7
(Prunus armeniaca)>FI%EE(Rubus  corchorifolius)!™)
LR E IR AR EE R R HEAHAR
B, 2L AIMEAE (Eriobotrya japonica) /K& M B i (water
soluble pectin, WSP) & ffifiF KL A ZHT N, 1M
H PIREAE ) WSP & & 256 T R E P ErbEd, 2
AR CSP & & AE K B ik R h 53 I F 0 hn 5
WD B EN A FUARE, (R ES A4 SR (ionic pectin, ISP)
TEAETRNPRED, fERLAKKE, N
LM (Canarium album) K& ) HCE & &2
Sy NP7 = = it VSTl M= | BT S 37 R PR
) CE &Mt mt e, E2kEHE
W A W R 1), T i B 4 P R 2H ) 5 SRS
A R AN BE— T8

o B BE 20 43 R AR Ak K 22 75 22 S I I (pectinase,
PE). % FJ-FLHEIE TR M (polygalacturonase, PG). f-
- LW 7 1 (B-galactosidase, B-Gal). B-AHE H BiE(S-
xylosidase, f-Xyl). £F4E K B (cellulase, Cx)Z& X 5

AL, NI 5] i TR J2 020 e A, 5 SSORH 2T 2
REFEEMPE sy BUS, B R KRS, PES Y
ARG L I A 8] SR AR Ak (Actinidia chinensis) 1) B3 3R
RO, R B AR R R T PG 7E SR SERGAR fS
WIRRAER, wTRe SR 2 A KR B-Gal fe
B AAAE ) ZH 2R ) A A M B v B SRR~ R e 2R, B
g i 4 J AE PERY, (B ZJ@RI b B o] DL 2 0
il p-Gal 3EVE, IELZFHi(Lycopersicon esculentum)
WA B-Xyl RIK R AR 4 R A% O R BE, 15
B (Musa nana) [ AL 484 58 F (Brun-
felsia latifolia)F$L BT+ (Arabidopsis thaliana){tth &
B RRSEE RE R REETAER, HOETERE
IR 25 0 il AT B AR 22200 Cx iE MR B Bk (Prunus
persica) ] AT 225380, R SR I b SRR
JR oA, SEAREEZS MR T, A REk 4
BEZRERIRRARET . HAT, ST 20 HRBELH 7 S G
T MR AE IO S AR KR I R v 4R F I 9 0 R
DLARE o AHE T LA [R) SR P JEE T e I R S L X 1 -
3 AN ZK 54 )RR SR AR A A I R
SEPRIR . AN REEY) BT B AR SR BE AR AL, 4y
AP 5 1) P 22 S A AR DG %, DABAHR H T iR A=
K Je i 5 22 e R B R 3R, e — P g e VAR K
KB VR HLERA 5 5T O R SR AR

1 BRI

1.1 #k

DIAREE S Bt B R St Sk H 1R
W3 TN (Momordica charantia ‘LX1-3”)F17E R Y
HNCZKSA YR, T 2021 3 A 17 HAEE
B, 3 H 28 HE T4 R ABL =B AT 78 i
FEH M, 5 H BA)EE BT, AR M H %
w1, Al TAEE 3+ 104 17 #1123 d (days after flower,
DAF) 47 58 SEVPR A, 5 SRAS: Ao 0 248 Jf B 2 7
e B 1 -
1.2 ik

I R b < RO & R SE A% 4% (fruit diameter, FD)
A1 S 42 (fruit lumen diameter, FLD), iH &R A JE
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% (pulp thickness, PT)=(FD-FLD)/2, F|H#H¥KF
S RREET VR 5 & (fruit fresh weight, FFW), 2R 5 &
FHERMEAFH 100 ‘TR 2 h, 65 CHEF, FRECF
Ji & (fruit dry weight, FDW), &R S NEE.
S M B 2H 23 RIS VE A I % 3 IRE R, & 3N
JNBFEN 1A EE

SRS L EEY) TR B EURI 43 2522 Huber28I Al
Siddiqui Z5PR AR T ook FRELZY 0.3 g A,
TR AT B 5 I\ 80% £ BEHEHY 15 min, 90 'C
K 20 min, AEIEFI, 6 000xg, 25 ‘CEL» 10 min,
g By, DU 1.5 mL 80%ZBEA AR %% 2 1%,
FEH 1 mL 90% — H I IHRIZ L 15 h, 6 000xg, 25 C
B0 10 min, 3¢ B3, RTiE HAKIEDE 2 G
BT 60 C~100 C FHT32I4HMEEY) BT # ik
YT EE AR Y 1 mL 50 mmol/L Z.E24H(pH 6.5)-
1 mL 50 mmol/L ZF&R#H(7 50 mmol/L EDTA). 1 mL
50 mmol/L BB (A 2 mmol/L EDTA) % 4R ¥ #2 X
3 h, FFK 8 000xg 4 CELr 10 min Y FIHHR, 3
Fih E3EW W& WSP. ISP F1 CSP. T FyiiE S
BAA 1 mL 4 mmol/L NaOH (¥ 100 mmol/L NaBH4)
12 h J5, 10 000xg 50> 10 min, f5E]7% HCE
1 W, BJEUIENN CB. % SRR FH et
FREC BRI E, DAL R IR R E At 2 2
LR YEFCR AR = Wy -OKBE BRVE I SE , DA D-ARBEV
WAERRHE N 2 s 21 4k 2 B R R BL ik e,
DU ) A TR ME B 48 . PG B-Gal. p-Xyl. PE.
Cx FHR BURE MEA I 2 B Bk i S (A i 3R 3
FERHEARAFNIET
1.3 ST

T $ s LA (A5 v % 22 KoK, KA Excel
2010 FATHHE T, @it SPSS 21.0 AR AT AHR
P BT 22 & LE#5 (Duncan %), PL P<0.05 F£R &
FHXES, P<0.01 Rt EER.

2 SRR

2.1 REERER

2 35 A FD. FLD. PT. FFW Al FDW Bt
RE MM, A E K E B AR R R A
—. Hrr, ZK54°7F 3 1 10 DAF #) 5 MEIRS &
FLX1-3’, H 10 DAF [ FFW ZRE3; 517 fl
23 DAF ‘LX1-3’f) 5 MR K TZK54°, H FD.
FT. FFW Fll FDW 2 53518 52 7K (B 1),

2.2 HfEEH Y SEER

Wi 2 Fros, 2 AR 5 AN4E e BEZH 45 &
TEARFR B N AR A LX1-371 WSP & &
4 23>3>17>10 DAF (' F[A), ‘ZK54° 4 23>10>3>17;
‘LX1-3°ff) ISP & & A 10>23>3>17, ‘ZK547H4 10>
17>23>3; ‘LX1-3" 1 CSP & &84 23>10>3>17, ‘ZK54
1) CSP & &AZ 465 ISP AHAL; ‘LX1-3°f HCE #
CE & &N 3>10>23>17, ‘ZK54>4 10>3>17>23.
‘LX1-3°7E 3 £123 DAF [ 5 Bl & B3 T ZK54°;
‘LX1-3°7E 10 DAF [¥) WSP F1 CSP & &5 TZK54°,
1M ISP HCE # CE & &W{KTZK54>; ‘LX1-3°7E
17 DAF ) WSP. HCE #1 CE & &5 TZK54°, H
R 2 P MK T ZK54°
2.3 4 BEAH S BRE M

2 AN IV 5 i 2 B R A QS PR 2E AN (R
i EAAN A o ‘LX1-311%) PG 1 p-Gal 3P 3>17>23>
10, ‘ZK54>4 3>23>17>10;5 2 NEhFRF) p-Xyl i61
A REBAL, BN 3>10>17>23; ‘LX1-3ff] PE i
PR 17>23>3>10, ‘ZK54° K 3>23>17>10; ‘LX1-3’
1) Cx iGN S p-Xyl #HBL, <ZK54° K 3>17>10>
23, ‘LX1-3°7E 3 DAF {J PG Fl Cx iE L & T ZK 54,
B-Gal. B-Xyl Al PE i&MENIMICTZK54; ‘LX1-37E
10 DAF ) PG. PE fll Cx iitEm TZK54, HA 2
FBETS M MK T ZK54°; “LX1-3°7E 17 DAF ] PG.
p-Gal.PE fll Cx 15 P 5T ZK 54, p-Xyl MUK T-ZK54;
‘LX1-3°7E 23 DAF [f] p-Xyl f1 PE Ji5 P& TZK54,
HAR 3 Pl s IS T ZK 54 (] 3).
2.4 FHRMESHT

XF AR SMER L A0 B RE A oy FOAH GBS ML 15
AR T A TR 1), GEHREK, 5 RS
R(FD. PT. FLD. FFW 1 FDW)u) #4107 1 A 2
IEFHRR R fE4HMUEELH 53, WSP 5 CSP [a] £ 5
FIEAK, ISP 5 CSP 2B E IEMHR, S544E%
TEERE MR, E4MEEHCHE ST, PG
5 p-Gal 1 p-Xyl [AfEAER R IEAHR KR, 5 PE
EIRE MM, p-Gal 5 B-Xyl B 2D E IEH
Ko AMPEEH s> WSP & &5 PT. FFW A1 FDW ]
S E A 4 M BEAH OGR4 5 AR KA IR AN 4
WUEEZH 73 (8] 2 BOAFAE AR R R, PG GRS 0
FD 1 CSP & & 2 W& iM%, 5 PT. FLD. ISP
SEERFETNME, f-Gal IS FD. PT. FLD £
Wi k5%, 5 FFW. FDW. CSP & &2 3 ¥ 7
R B-Xyl WGt 5 A RSLMR [E] 2 4% 2 2% Uk
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B 1 ERRFEA B # FD. FLD. PT. FFW fl FDW. AHFEERRZE R EE(P<0.05). FD: FSefifs; FLD: RSpsid; PT: RWEE; FFW: R

SCEEH; FDW: BT . I

Fig. 1 FD, FLD, PT, FFW and FDW in Momordica charantia at different developmental stages. Different letters indicate significant difference at 0.05 level. FD:

Fruit diameter; FLD: Fruit lumen diameter; PT: Pulp thickness; FFW: Fruit fresh weight; FDW: Fruit dry weight. The same below

fiA5%; PE 5 ISP Al CSP
B ) R A w%,xﬁﬁ554%iﬁ%m

S TE I P

gL AT R

MREB R mAas S . 22, 8l
it RRESFHEMR, DLULWE. BUESRE
PEIREVIAESE, (EAFRMEIR Bl —MHARIEA [R5
HECAFIR B B EE R TR, HEr i
H JN(Cucumis sativus)ANEFIET FLD ZRH K, H

5 FD EMEFEIEMKEY, FT 5 FFW =8 2%
3 J R EAH OB, KA K FD 7E 6 DAF i
K, 9 DAF BSR40 R A3 FD I 7E
12 DAF KB, 3 Rps e, kit
RIE 51 v IO B R A 16 43 R S5 PR 1)~
B 5 R EULH 29.24%, HA FD 5 FT. FFW 5
FD %5 8 X Motk A] 2 BUAR &5 35 IEAH G 5K R Al &504
X9 AN IR A R S R B AT %S, FFW
FFD 7E 8 DAF 18K 2218, 8~20 DAF R i

M 20 DAF B ta, s dk s gt K It m 4 T
FaoE . ABFFTERM, 2 48 M) FDL FLD. FT.
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3
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= 4 ab
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1r 1 ab
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S5t 250
4r a 200+ a
ab a
) cd o) ab
3 3T = 150 ab
g £
> bed S ab
a m
@ 2 abc o 100f ab
© abed z ab b
1 d abed 50
0 3 10 17 23 0 3 017 23
1EJ5 KAL Days after flowering
3 -
—~ 2
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E a
o ab be abe
O L
ab
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0 310 17 >3

1EJ5 K& Days after flowering
B 2 9 T [ K 7 I 336K WSP
A

ISP. CSP. HCE M CE & &, WSP: /KiFEAIK; 1SP: B FBLALK; CSP: LM BUALIR; HCE: V448 %; CE: 4%,

Fig. 2 Contents of WSP, ISP, CSP, HCE and CE in Momordica charantia at different developmental stages. WSP: Water solube pectin; ISP: Tonic pectin; CSP:

Covalent pectin; HCE: Hemicellulose; CE: Cellulose. The same below

FFW fil FDW 7E 3~10 A1 10~17 DAF iX 2 /M #1
Kok, X 5 MEIRTE 3~10 DAF IS5
TE WAL, [7E 10~17 DAF I 515 PR 50 35 0 i v
WAL, JF7E 17 DAF X8| B3 %ER, 1F 17~23 DAF
X5 AMRIRIZETE T RS, RS UK A
FEARL, ARAELE foPp () 22 5, AT Bk AT AH
KA, 31X 5 MR A 2 AR 2 3 AR R,
EH S D 2 T 2 A P oK o SR S Ok B AR A B
i, MHHEZERRE®, HAEBRKMPEN, &
BHE R FEARKE .

2 i BE 4H 4y o= B SR SR B B BOR) AN R T LY
MAA . WEFUERE, ASFE B HE N(Cucumis melo)
RS H Ay SR E RN, AWK E
IR, WSP A ISP & &AW, {H CSP. CE Ml
HCE & &AW/ R AN [E - (Ziziphus jujuba)FE 3R

JB N CE B Ak g i T AN [A], AR AR AR e U, 4
LA A0 Bt SESE A RO, AN [FIRHS () WSP
F1CSP & &AL, 1H ISP & 2RI AH,
IR K8 22 BT E FRR&ES; mife
RN TEME 1 5 Bk 2 LT Al ARt FiR I,
3 PP IRIRAE 2 Fhvess UM K B i A2 R L 34 %
AHHIE, o, WSP & &84 K T RN E WAL S
TR, ISP A CSP I N JE A AL “Tt-[E-F+
MRS TG, CSP &85 WSP. ISP & &
I3 MAFAE 2 AR R 2 IEAH G R &, WSP & &5 FT.
FFW #l FDW 2 %3 1EAH5¢, HCE 1 CE & &4
AL, 17 DAF JERE TR, HOE
WIZH M BEAH 73 R RR T . & B I AR AS [F) 1T 2 B AR AL
X SEAE R AN [F RS, TR E S B HCE
FI CE nl gt v IR W3 JE A HOREL R
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1EJ5 KA Days after flowering
B3 AR R BRI PGy p-Gal. f-Xyl. PE M Cx i&tE. PG: 2R ILHEMEIRNGE; f-Gal: - FLETFNE; p-Xyl: p-RNETNE; PE: AUENE; Cx: £F
i HK . TIH
Fig. 3 Activities of PG, f-Gal, f-Xyl, PE and Cx in Momordica charantia at different developmental stages. PG: Ploygalacturonase; f-Gal: f-galactosidase;

[-Xyl: p-xylosidase; PE: Pectinase; Cx: Cellulase. The same below

1 NRFE B I 15 ANEhe 2 18] A%

Tablel Correlation between 15 indicators in different developmental stages of bitter gourd

lfdti FD FLD PT FFW FDW WSP ISP CSP HCE CE PG p-Gal  p-Xyl PE Cx
FD 1.000

FLD 0.996™  1.000

PT 0.983™  0.962™ 1.000

FFW 0.960™  0.945™  0.969™ 1.000

FDW 0942 0916™ 0973 0.991™ 1.000

WSP 0.389 0.362 0.436" 0.427° 0.467°  1.000

ISP 0.028 0.038 0.005 -0.104 -0.108 0.144 1.000

CSP 0.296 0.311 0.257 0.150 0.137 0.502"  0.811" 1.000

HCE -0297 -0304 -0276 -0364 -0.327 -0.071 0.143  -0.004 1.000

CE -0.281 -0.291 -0.252 -0.360 -0.316 0.061 0.447°  0.363 0.347 1.000

PG -0.528™ -0.552"" -0.464" -0.312 -0.289 -0.151 -0.463" -0.556" -0.139 -0.145 1.000

B-Gal —0.649" -0.668" -0.595"" -0.504" -0.479" -0.228 -0.322 -0.506" -0.112 —0.185 0.709™  1.000

B-Xyl -0.883" -0.899" -0.828" -0.753" -0.721"" -0.219 -0.218 -0.442" 0.103 0.100 0.731 0.877"" 1.000

PE 0.019 -0.026 0.113 0.152 0.189 -0.078 -0.521" -0.520™ 0.019 -0.133 0.507°  0.153 0.194 1.000

Cx -0.459" -0.458" -0.449" -0.435" -0.418" -0.293 -0.244 -0.238 0.127 0.246 0.294 0.201 0.373 0.172 1.000

*: P<0.05; ™: P<0.01
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ERLAKKE RS, Z A EERE S 5
PR M YE R - 2P YE R A KA, 1% B 1) %
P> AL, SO RS BT, X e AEAN A
Reszrpal [ — RERAFKE B B IEA R
FFEM . BHFEEY], PG M B-Gal i& 1B R sl
AT IZ T BT, B 2 R AR T e i
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