om0 ) 2018,35(3): 293-300

Journal of Fruit Science

DOI:10.13925/j.cnki.gsxb.20170390

EREE RLLBIRERANRSETN
RESERBRKHEXEIXR
FANLLL R v, EBRRY
CHMIRZFR R, 5200 550025: * 5048 R TREERHE b, 51FH 550025)

W OE: (BRI R Brg LR RS & 245 5, R B TP A YR & & 1AL &I 53 1R
AR AR B (2 2R, el B A5 LR AR 22100 O B U R S Bl o (735 T DA < b2 e b B < DU H 28 A b, SR o R0
{0,3% 7% (high performance liquid chromatograph, HPLC) 73 #ril i Z= S sic 2 & i fE v A ALER 2 70 I & &, 100 5 3 1R
AR AH ST A P o (25 3R YR FH s ROBURH €tk 23 B 28 SR S b G WLER 2H 23 B i, I “ e 4" L S i 0 I S PR 5 B
(o, JGIAD A 5.94 mg- g, B TR B A R AT AR R R 28 S IR AN BRI R 6 Fh, 2 rp DASE SRR & R B (7 R 7
H88%), VU A7 s g HLIRAL 5 “ Sl — 30, BB TR R AL, 2 AR s h RS E SR TR
A RIR & B 2 RS @2 Rk B I FE IR & B, RO WA= s 3 LR & KR
F I R A I E B SR F RO, R SRR IS PR A R A B A R S R TR, AT IR & R . 5
VU H 2= AL, CigelEAs s SRR FER I A R MR IR S R AR A 5 2 — 8, HAER R K a R AR A
PR R LT VYA 2, AR & BN B @A 52 AR . REIEE 00 R IR & 25 A I E S 2 1] )
AHOGPE, SR el d=” SR o ip S IR IR 7R IR SR B AT I SRR R 32 BRI I A 1 =N PR R R 72 AL g (PEPCO 7 M 1%
SR EE T R R I R A L X NADP-3 5L % 5 (NADP-ME ) & 11 B Ay 20 35 SR BR 11 43, 5 NAD-E S8 i
(NAD-MDH) X &ANK, 1M PY H 2= SE IR R 1 SRS 2 NAD-MDH. 7E SRR B I, s &0 H 27
NADP-ME & MR # T, B % PEPC G YEIRYY , J5 5 NAD-MDH & 1t T W, 48145 2 2 5 92 o S5 58 (1) I K T BRI
RS IEIR ] s 2R 8 LIOE R 2 26 LR MR 2L 4= F i, IR sz S R AR 3R 1 OGBS SR SR B
AU, 37 SRR & 1 1724k i PEPC AT NADP-ME P [R19 4% , i Jf € DU H 2= i NAD-MDH F1 NADP-ME j2 3= 22 1) i 4
fEH

RBIA: AU A HLRR SR s B IR I 5 X T R R P2 1L 19 NADP-32 SR 1 s NAD- 3 SRR B U8 1o ROBUAR (i
FESES: S662.3 XHIFRERS: A TEHES: 1009-9980(2018)03-0293-08

Changes in organic acids content during ‘Fengtang’ plum (Prunus salici-
na) fruit development in relation to malic acid metabolism related en-
Zymes

WANG Xiaohong, CHEN Hong"*, DONG Xiaoqing"*

('College of Agriculture, Guizhou University, Guiyang 550025, Guizhou, China; *Guizhou Fruits Engineering Technology Research Centre, Gui-
yang 550025, Guizhou, China)

Abstract: [Objectivelln order to understand the mechanisms regulating acidity in plum fruit, the com-
position and contents of organic acids in ‘Fengtang’ plum (Prunus salicina ‘Fengtang’) fruit were de-
termined, and the changes in organic acids content during the fruit development and their relationships
with the activities of enzymes associated with malic acid metabolism were analyzed. The critical period
and key enzymes of organic acid accumulation were elucidated. [Methods] ‘Fengtang’ and ‘Siyue’

fruits were used as experimental material. The composition and contents of organic acids in plum fruits
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during the development were analyzed by high performance liquid chromatography (HPLC) and the ac-
tivities of enzymes related with malic acid metabolism were determined by spectrophotometer. The cor-
relations between the changes in malic acid content and the activities of malic acid metabolism enzymes
were analyzed in this study. [Results]The total acid content was 5.94 mg- g at maturity in ‘Fengtang’,
including 6 organic acids, malic acid, tartaric acid, citric acid, oxalic acid, shikimic acid and succinic ac-
id. Among them, malic acid was the dominant acid accounting for 88% of the total acid content. ‘Si-
yue’ fruit had the same composition of organic acids. Both cultivars belong to the malic acid type. Dur-
ing the growth and development of plum, the content of malic acid increased first and decreased at the
late phase. The malic acid content in ‘Fengtang’ reduced to a minimum when the fruit was ripe, and
was always significantly lower than ‘Siyue’. The content of oxalic acid and tartaric acid gradually de-
creased with the growth and development of fruit, and the amplitude was small at the ripening period,
but the content of citric acid gradually increased. The changes in total acid content and malic acid con-
tent in the fruit of ‘Siyue’ were similar to those of ‘Fengtang’. The difference in total acid content in
the two cultivars was mainly due to the difference in malic acid content. The changes in malic acid con-
tent were closely related to the changes in NAD-malate dehydrogenase (NAD-MDH), NADP-malos-
terase (NADP- ME) and phosphoenolpyruvate carboxylase (PEPC) activities. The activity of NAD-
MDH in ‘Fengtang’ and ‘Siyue’ had a significant difference. The activity of NAD-MDH in the ‘Feng-
tang’ fruit fluctuated within the range of 82.24-169.12 U- mg'. NAD-MDH activity in ‘Siyue’ showed
an M pattern and was higher than that in ‘Fengtang’. There was a significant positive correlation be-
tween malic acid content and NAD-MDH activity in the two cultivars with a correlation coefficient of
0.97** and 0.95%*, respectively. The change pattern of the activity of NADP-ME in ‘Fengtang’ was
similar to that ‘Siyue’, increasing during young fruit enlargement period and decreasing during matura-
tion. However, the activity of NADP-ME in the fruit of ‘Fengtang’ was always significantly lower than
that of ‘Siyue’. The activity of NADP-ME was significantly negatively correlated with malic acid con-
tent with a correlation coefficient of -0.86— -0.87, respectively. The change in PEPC activity in the fruit
‘Fengtang’ exhibited an M pattern. Except for the fruit ripening period, the enzyme activity was always
significantly higher in ‘Fengtang’. The activity of PEPC in ‘Siyue’ fruit changed smoothly during the
whole fruit development period. There was a significant positive correlation between the activity of
PEPC and the content of malic acid in ‘Fengtang’ and ‘Siyue’ with a coefficient of 0.75* and 0.73*,
respectively. The early stage of fruit development was the critical period of malic acid accumulation in
‘Fengtang’, when enhanced activity of PEPC promoted the synthesis of malic acid and the decreased
activity of NADP-ME reduced the decomposition of malic acid, while NAD-MDH had little effect.
However the key enzyme for accumulation of malic acid in ‘Siyue’ was NAD-MDH. At the later stage
of fruit development, the activity of NADP-ME increased rapidly in both cultivars, while the activity of
PEPC in ‘Fengtang’ was weakened and the NAD-MDH in ‘Siyue’ activity decreased. As a result, the
degradation of malic acid was greater than synthesis and the content of malic acid became lower in the
both cultivars. [Conclusion] ‘ Fengtang’ is a low-acid plum variety, in which malic acid is the main or-
ganic acid. The critical period of malic acid accumulation is the early stages of fruit development. The
change in malic acid content is coordinated by PEPC and NADP-ME. However, in ‘Siyue’ malic acid
content is mainly controlled by NAD-MDH and NADP-ME.

Key words: Plum (Prunus salicina) fruit; Organic acids; Malic acid; PEPC; NADP-ME; NAD-MDH;
HPLC
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1. Oxalic acid; 2. Tartaric acid; 3. Malic acid; 4. Shikimic acid; 5. Cit-

ric acid; 6. Succinic acid.
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Fig. 1 HPLC spectrum of organic acids in standard

samples
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Table 1 The contents of organic acids in plum fruits at physiological mature stage

B o (FLE) wGBEATR) o GERED o (GEHED oKD o (BRI INOSEER N

o Oxalic acid Tartaric acid Malic acid Shikimic acid Citric acid Succinic acid Total acid

Cultivar 0 B o 0 0 0 E
content/(mg- g") content/(mg- g') content/(mg- g"') content/(mg-g"') content/(mg-g"') content/(mg-g"') content/(mg-g")

142 Fengtang plum ~ 0.13+0.02a  0.28+0.07 a 5.23+£0.20 b 0.02+£0.01 a 0.24+0.17 a 0.04+0.01 a 5.94£0.22 b

V4 J1 %= Siyue plum 0.15£0.02a  0.34+0.04a 8.02+0.68a  0.02+0.01 a 0.07+0.01 a 0.02+0.01 b 8.6140.43 a

TE: 2 B SR Duncan H 2R Z2ENLE, FIZIAE/NS FRERRAE P<0.05 KTV EABEMEZESR.

Note: Statistical multiple comparisons were conducted according to the Duncan multiple tests, different small letters in the same column indicate

significant difference at P < 0.05.
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AT m AL, REE T, e R
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K9 H ) Sampling date

% HHECKH Duncan B 2 25505 , A FR/NG SRR IR R —
SRS R SR P <0.05 AKF B REEER. FH.

Statistical multiple comparisons were done according to the Duncan
multiple tests, different small letters indicate significant difference at
0.05 level among the same cultivar in the different stages (P < 0.05).
The same below.
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Fig. 2 Changes in total acid content in the two plum
cultivars during fruit development
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Fig. 3 Changes in malic acid content in the two plum

cultivars during fruit development
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Fig. 4 Changes in citric acid content in the two plum
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Fig. 5 Changes in tartaric acid content in the two plum
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Fig. 6 Changes in oxalic acid content in the two plum
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Fig. 7 Changes in NAD-MDH activity in the two plum

cultivars during fruit development

NAD-MDH i 14
NAD-MDH activity(U-mg")

o FHSCHE AT IR, Ml 2= 0 * U 22 s
SERR & 5 NAD-MDH I 45 S 0% 5 1R A G,
A OE R B4 3 0.97%% 095+, U H 2= W sz
NAD-MDH {f PR 5 T el 2=, 5 )5 3 S R R
ST AT A B B VIR (£2),

#2 ERIHERBRE=SEHRBEEEHEAMERMSE
Table 2 Correlation between malic acids content and some

enzymes activities in plum fruits

W Cultivar NAD-MDH  NADP- ME PEPC
12 Fengtang plum 0.97" -0.86" 0.75"
V4 H 2% Siyue plum 0.95" -0.87" 0.73"

T 7 FRIRAH AETE 0.05 7KF 83, o” IR AR TE 0.01 7K
ITEN

Note: “*” indicates correlation is significant at 0.05 level, “**” indi-
cates correlation at 0.01 level, respectively.
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Fig. 8 Changes in NADP-ME activity in the two plum
cultivars during fruit development
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Fig. 9 Changes in PEPC activity in the two plum cultivars

during fruit development
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FE SRR 5 BN 11.82~66.38 mg - g, 1M “ W2
RS B BN 5.94 mg - g, R T H AN
o DRtE, IERE2E 8 TR 1Y 2% S b (KRR A2 AR
SR SRR R E RN R —.

RS RS B S EER LA K R E L
FEHFARBIEAC, 5 VY H 27 AR —5, 17 & R SLqE
AR E B BOE R R B SRS = 1 55.08%~
88.04%, J5 & N 74.61%~96.14%, 7] 12 & MR & &
()22 5 1 BLR SRR A R 2 AT R g RS
RS R S AR RSB R B RSB NS B
fiX, BIRZ& B EMCT WU A2, AR 5 A s
PN AHIT® . < i 2= 3 SR AE A S i 41T 20 d
T PAAR, 0 ¢ DU H 2= R BN SE T B, it ar %0 2
TR BN ER FEREAERLKEE M. W
FIERI, 5 VU HZE AL, b 2s s ip AT IR
TRIBER S Z AR, EABI IS, X
ZRARE— PR, A, SRR H
WAL & A — 52 Lol (M BB A A R, 2 35 I BE &

RS AR B 1 IZ R

R HUR S B R KRR R F
HAWLR A S B L R Poet™ . fERSR F
W, 75 < i 2 B sz NADP-ME 3% P 38 B A, 15
PEPC i M4 2RIt =, 11T NAD-MDH 3% ¥ th i e,
SRR ERER R, MO R, Wk 3
52 NAD-MDH. PEPC & VEAISE IR & A7 AE B 3
B R 3 IEA G R R, BRI R T =& KRN
Z J& % PEPC. NAD-MDH 3 ¥ 3t [7 i ¥ i, (5
NAD-MDH fE H &/, 1< Y H 257 R 52 v NAD-
MDH % Jill 7} 5 » NADP-ME 3 P 3% %7 [ A%, 1
PEPC /i VEIRFFARE , (150 IR & B 6 iz K T %
fiff, 22 W] NAD-MDH 52 3p 2R 8 K 55 il 1) 59 B il
ERLRKE G, W24 ‘)Y H 42" NADP-ME
MR 8 GE T, BT PEPC I MR W AR, 5
NAD-MDH i&EPE T, {815 2 3 3 R IR K EFF
H NADP-ME & P4 5 3 L8 & 2 A7 R AR 3 A ¢
KFR, R 2 H F e 3 B B 710 o0 B i 2
NADP-ME, JfF R BGE T € 0 hl 27 o v 3 R
BB R ER R & PEPC, M E DU H 2=
NAD-MDH.

4

M pEAE ST NIRRT R A TR
TR IR IR HARR TR RLR 6 Fh, LLSE SRR N £
EHPR, B TR R, ighEds SRR R
BRI HACE SR SR B AT, RS = 1A A
PEPC Il NADP-ME 1} [A] il % , NAD-MDH 1 F] A~
Ko VY H 2= BRstdr gz m 39 L0 2 & 10 OC B i A2
NAD-MDH 5 NADP-ME.
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