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Persimmon (Diospyros kaki Thunb.) is one of the important fruit .crops and has long cultivation history
in Japan. Since ethylene plays an important role in persimmon fruit softening, it is valuable to study
ethylene biosynthésis and the characterization of enzymes related to its biosynthesis in persimmon. It has |
been established that ethylene is biosynthesized from methionine via S-adenosylmethionine (AdoMet) and
1-aminocyclopropane-1-carboxylic acid (ACC). ACC synthase (EC 4.4.1.14) and ACC oxidase (EC 1.4.3)
are two enzymes involved in the ethylene biosynthetic pathway. In this study, we analyzed the relationships
between the ethylene biosynthesis and activities of ACC synthase and ACC oxidase and their gene
expression in young intact persimmon fruit, and prolonged ‘Saijo’ persimmon fruit shelf-life through Nit*
inhibiting ethylene production:. Furthermore, we clarified wound-induced ethylene production through
inducing ACC synthase activity and DK-ACS/ gene expression, and the mechanism of wound-induce

ethylene biosynthesis in persimmon fruit.

(1) Extraction and characterization of ACC synthase and ACC oxidase from wounded

persimmon fruit

ACC synthase and ACC oxidase were extracted from wounded tissue of mature ‘Saijo’ persimmon fruit
by using the polyethylene glycerol (PEG) acetone method and characterized. The optimum pH,
concentration of pyridoxal-5-phosphate (PLP) for maximum ACC synthase activity, the K,, for AdoMet,
and the half-life in the presence of AdoMet for persimmon ACC synthase were 8.5, 5 uM, 10 pM, and 21
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min, respectively, whereas, the optimum ﬁH for ACC oxidase was 7.2, the apparent K,s for the substrate
ACC and cofactor Fe** were 114 pM and 4 pM, respectively. The concentration of cofactor HCO;5™ for
maximum activity was approximately 40 mM. The activity of ACC oxidase decreased in a non-linear
manner during in vitro incubation, with a half-life of about 9 min; its activity was inhibited by various _

divalent cations, such as Ni**, Zn?*, Cu®*, Mn®*, and Mg®".
(2) Enzymatic activities and gene expression of ACC synthase and ACC oxidase in persimmon fruit

Based on succeeding in extraction and assay of ACC synthase and ACC oxidase, we analyzed éthylene
biosynthesis in young intact and mature wounded ‘Hiratanenashi’ persimmon fruit. In young intact fruit,
ethylene production was detected 2 days after harvest, and peaked at 4 days. Little ACC content was
detected at 1 day; rapidly increasing 4 days after harvest, and peaking at 7 days. DK-ACS2 strongly

expressed durihg almost all periods after it commenced at 3 days, followed by a rapid increase in ACC

 synthase activity at 4 days and a peak at 5 days. DK-ACO/! mRNA accumulation initiated at harvest time,

dramatically increased at 2 days; as a result, high ACC oxidase activity was detected at the beginning of
harvest, and peaked at 3 days. DK-ACO! mRNA accumulation continued during the subsequent days,
whereas ACC oxidase activity decreased to a low level. '

Wounding treatment induced ethylene biosynthesis and ACC accumulation. The strongest DK-ACS2
expression was induced 1 day after wounding, followed by the highest ACC synthase activity which
paralleled ACC accumulation. Abundant DK-ACO] mRNA accumulation and high ACC oxidase activity

were observed at the initiation of wounding and remained at high levels during the days that followed.
(3) Effect of 1-MCP on wound-induced ethylene biosynthesis in ‘Saijo’ persimmon fruit

Mechanical injury is one of the most sever stress for fruit in environment. We already analyzed
wounding induced ethylene biosynthesis and enzymatic activity and gene expression of ACC synthase and

ACC oxidase above; later, we furthermore clarified the feedback mechanism of wound-iiduced ethylene

‘biosynthesis in persimmon fruit. Pretreatment of l-methylcyclopropene '(1-MCP), the inhibitor of
- ethylene action, increased ethylene production at 48 h after wounding, and caused a maximum 1.8-fold
- increase in ethylene production, which suggested that wound-induced ethylene production was under a

. negative feedback regulation by _ethylene‘ Wound-induced ACC content was also enhanced by 1-MCP

pretreatment caused by inducing ACC synthase activity and DK-ACS! gene expression, indicating that
DK-ACSI gene expression was negatively regulated by ethylene in wounded mature persimmon fruit.
1-MCP pretreatment had no effect on wound-induced DK-ACO! gene expression; whereas, ACC oxidase
activity was enhanced by 1-MCP pretreatment at 48 h after wounding, with maximum of activity 1.5-fold
higher than that in control wounded tissue at 60 h. It suggested that wound-induced DK-ACO/ gene
expression was independent on ethylene, but its poét-transcriptional process was thought to be regulated by

ethylene in mature persimmon fruit.
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(4) Prolonging shelf-life of ‘Saijo’ persimmon fruit by spraying nickel ion to the calyx on the tree

‘Saijo’ ;ﬁersimmon fruit is the main astringent cultivar in Japan; whereas, it is easily softening on a tree
during mature period and after harvest with the removal of astringency,'which hinders the development and
cohsumption of ‘Saijo’ persimmon fruit. It has been shggested that ethylene biosynthesis in persimmon was
initially induced in calyx by water loss; this ethylene diffused to pulp tissue and acted as a secondary signal
to stimulate autocatalytic ethylene biosynthesis in pulp tissues. It means that calyx plays important roles in
ethylene biosynthesis in persimmon fruit. Meanwhile, Ni** could inhibit persimmon ACC oxidase activity
by 89%.in vivo, and by 75% in vitro, respectively. Based on these studies, to prolong the shelf-life of
persimmon fruit, we sprayed 0.1% NiCl, solution to fruit calyx on the tree and elucidated the effect of Ni**
on. ethylene production, flesh firmness, ACC content, enzymatic activities and gene expression of ACC
synthase andl ACC oxidase in detached ﬁ'lllt In control, ethylene production and ACC content dramatically
increased after the removal of astringency with dry-ice, followed by rapid fruit softening, ACC synthase
activity and DK-ACS/! gene expression also rapidly reached peaks at 5 days; whereas, ACC oxidase activity
and DK-ACOI gene expression were constifutive.

In Ni**-treated fruit, ethylene production was delayed for 2 days, which effectively inhibited fruit
softening and prolonged fruit shelf-life for 2 days, and ACC content was also obviously decreased.
Meanwhile, ACC synthase activity and its gene expression (DK-ACS!) were delayed for 1 day in

| Ni**-treated fruit. However, DK-ACS2 remained no chan ges and weakly expressed during the late shelf-life
stage in control or Ni2+—treat¢d fruit. ACC oxidase activity showed no inhibition in.NiH-treated fruit;

DEK-ACO! expression was strongly promoted.
MUY BEOBRODEE

IFLYRAFORMEELREER TS, TF Ly EREZOBEREONEE TR
THILREETHOMEDSEZ L THb, BENEHF BHE FEIOKVIFLYIY
a—)V (PEG) 7 b VEEAWT -7/ vrzu7fansy-1-hLRVE (ACC) &REEEYE ACC
BALBESRIML, CNOOMERBEELZ. »+ D ACC AREERERIZSIT 28 pll 1 8.5,
ACC A RBRERABAL 2B K4 — L) ViR (PLP) WES XU S-T7F /) YA FHZY
(AdoMet) W 3 K, fBIREFNRZFNS5 M BLV 10 M AdoMet HETTD ACC BRBEEERD
REINL 21 HTh oo —F, ACHRIEEDRBHILT.2THY, B ACC ¥ BETF Fei
B K ERENEN 114 M BEU4 HThoTme ACCBALBEEIE BB & 72 5 BEF HOOy
IREEE 40 il TH - 7zo 517 ACCRILEEREROFBENIH O THY, in vitro TSI ¥ Fa
N— b FIZIEEREITIRD Uz F72 ACC BEBEEIEYEIX Nizt, Zn2, Cu2t, Mn2*, Mg»7%i¥
DMHOMA A Iz & > THH SN Tze AFITBI B ACC SBBK L ACC B LBEE it & 7
EHEZWET L2/, 20 ThHx "FEE OEBOMRLEENEBR2T--RARETIF L
VEASHEEMM Lz, EEOHETE, TF LU VERIRIE 2 BIZKEEY 4 HTE—2EL
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7o ACC BAREUE 1 BbTHIAREN, 4 BEERICEDHITEMLES, THTE—2K
E Lo DEACSZBEFIZERAE 3 HIZRA Lk, BREA 2B ER L, —%, ACC
BRBEEEEIIRNE 4 BICARIEMLEE, 5 HCY—21Z% Lk, DE-ACO1 mRNA O
EMIHABFIZHED, 2 HIEEIZHM Uz, ThicfE-> T, ACC B LEFRTEE TR IZH
HaEn® 3HTE—2IZ#E L, DK-ACOImRNA DERIH BRI 725, ACC RILEE
ROBEHERBOLARLVETEI Lz, —F, SBEAETREIF LVERE ACC DEMIFES
Nize DEACS2BEFOBRLBVWERZBEAES 2 BICHERE N, A ACC 6REED
FEMAE < 72D, ACC AER Ui, BEAEDH T, 8575 DKACOI mRNA OEH & &L
ACC B bEEE DER DRI N, 0%, BV L~V EHERLE,

BABET CHBAOBERIRLEZERZIANLAD—D2TH 5, TITHF BAR REOESE
MBIz L > THBEINBHTF LUK ACC AREE L ACC MILBEREE S LUTNEDRE
FREESF LI, S5, HXREOBEABIIL s THEUINLITF LV EARDT 4 —F
Ny 7RSI Ui, SEAEE 48 BEIC, =F L fEAMEERO 1-MCP ATAEI &
DNIFVYERPEKX 1.8 FIZHMLEY, Thi3EEABFTELF L VOERIE, TF LUK
Lo TRATF 4T T 4= FNy 2BEENTWADZ L #RE Uiz, 1—MCP RIAERT & » THE
B0 ACC BHEERIEM Y DEKACS | BETFORBIMEEE NS 125 ACC EBAFE 1> 72, T
D &h SBEMERBE T ACC ARME O L DK-ACSIBETFORRIE, XHF 477
4= RNy 2 HEBENS Z EARENT, 1—MCP §iAEIZ DEK-ACO 1 BIEFORBIZ BB
BREEAVE, BEAEE 48 BHORET, ACC BAEEE OEWS, 60 BEEONBLY 15
BB oTe TOTERD, AFRBEEC SV THEARTHEESIND DK-ACOI BEFOD
RRFLF VVHFERETRHBY, 7L YD DEACOI BEFOPREOBREZHEL THD
ZEBRREN T, | | |

HE CEE FHAOEEREHSETH 2, LivL, RAOE LIRSS 08 EK
LD, BEMELEORBRLMEEAMBTFONTVS, ¥ REOARKLOERED DR E
TAEIZ 0.1%NiCle #EE L, BREOTF L VAR, RAEE, ACCEE, ACC AREEE
¥ ACC MILBERER B LUETNLORETFRBIZHBIT 5 NiOPRERH L, HBTIE, F
AT 4 ABEBITF LU ARYE ACC SBMNAML, ARARERILEME 2, ACC ARBE
¥ DK-ACS! DBEFRBLERL 5 HRIZARIZY -2 12E Lz, 7=, ACC BMLBEEMEL
DK-ACOI OBEFREIERNTH o1, —H, NZUERTIE, TF LU ERSHELD 2
CBEBNEED, 2 HEOREEEESBD SN, Z0O ACC 2EANBIOEL MR L,
ACC BB EEE L DK-ACSI DEREFREIHBLYD 1 BEni. LiL, NivER, #HE
¥, DK-ACS?2 DREFRIIIE Bzt » 2o Ni2HLEI & > T DK-ACOI DEIETFR
BB RESNIZIZ LSBT, ACC BLBERERIZIE AR BN,

TOESI, AMEIAFRECBIEILF L VAROBES. ACC AREEB LU ACC B
CEEDNA 3742 ADBEIE, ELFHZTORBEEBESMII L, E5IT, HFREOK
LERIIBIT 2 ENLOEEEL., BEFRALZMA L, AERXOELFHERE I MO
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fO72 RN L KAV T & ASHIBI L7225, b % TRIDTHS I ST S5 < s N5,
$r. FNLEMATHHT, BRABIAEEL 550 % TE OWRMEE Db 0L
BREHYT L ALAhE TEIHiANS, chbDT Ehb, HUARTYE LTHES kiifEs
HT2LOLHELE, '
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