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Effects of calmodulin-antagonist trifluoperazine on fruit firmness related
indexes of irradiated blueberry

WANG Chen’, TAO Ye, HAN Yan-Qiu, ZHANG Rui, LI Li-Feng, GAO Ya

(Institute of Food and Processing, Liaoning Academy of Agricultural Sciences, Shenyang 110866, China)

ABSTRACT: Objective To investigate the effect mechanism of y irradiation combined with calmodulin-antagonist
triflurazine (TFP) on the hardness and quality characteristics of refrigerated blueberry fruits. Method “Bluecrop”
blueberry fruits were treated by y irradiation at a dose of 2.5 kGy. Combining the treatments with calmodulin-
antagonists TFP, fruit firmness, content of protopectin and pectins of different solubilities, cellulose and hemicellulose
content, and the changes of related hydrolase activities during cold storage in each group were detected. Results y irradiation
could mediate the Ca®" signal transduction to inhibit polygalacturonase (PG) and pectin methylesterase (PME) activities,
reduced the probability of degradation of protopectin and chelator-soluble pectin (CSP) into water-soluble pectin (WSP).

In this way, y irradiation could positively influence the firmness of refrigerated blueberry fruit, and TFP could inhibit the
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signal transduction to a certain degree. However, cellulase (Cx), f-galactosidase (f-Gal), and a-L-arabinofuranosidase

(a-Af) responded inactively to the irradiation-induced Ca®' signals, and changes in 4% KOH-soluble hemicellulose

(4KSF), 24% KOH-soluble hemicellulose (24KSF), and cellulose content had little influence on Ca”" signal transduction.

Conclusion y irradiation can mediate Ca®* signal and have a positive impact on the firmness and quality of blueberry

fruits during cold storage by inhibiting pectin degradation.

KEY WORDS: y irradiation; “Bluecrop” blueberry; fruit firmness; triflurazine; Ca®* signal
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G 5 R R S B E B S I T RE S Ca® B S B K

YA N A £ E 1 Ca¥ IR, SN IR IS5
P Ca” VRSN, KAAS S g RO, Hid
65 8 2 45 ) 2 11 (calmodulin, CaM)-2& A8 # 14 P 5% 2 52 14
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Joi £ 12 £ (trihydroxymethylaminomethane hydrochloride,
Tris-HCI) NaCl , Z —Jlit VU 2.1 (ethylenediamine tetraacetic acid,
EDTA)., 3CHER Z 50 keli (crosslinked polyvinylpyrrolidone,
PVPP) . R Z 4 Mt W% %5 lid (polyvinylpyrrolidone, PVP) .
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FREC10 g BEAER A, T 10 mL 95%HY Z BERFIE AL,
FHREE-SA5(1:1, V:V). 0.5 mol/L BEMRZE M (pH 7.0)F
0.5% R B Z bR AR « AT VMM A SR T . T AHivE 4%
KOH(# 0.1% NaBH,, V:).24% KOH(# 0.1% NaBH,, V:V)
M 2%HBRBRAR IR G IR I 2 h, FAARTTIEY 2 B A
HLT M £ 4k 25 (4% KOH-soluble hemicellulose, 4KSF), %%
FUA 245 2K (24% KOH-soluble hemicellulose, 24KSF)FI4F
Ui KPP L Y 3 AN Al 3 R T 2 R P R L €7,
B2 0.5 mL BEAA 1 mL 7KIAZ] 1 mL 2R HEREFFHEE
FEf R, FRZEBMA 10 mL ¥ERER, BE/KIE 10 min, B4
JEIISE 620 nm PK T B G
1.7 ZREIEREEEEMN

FREL 10 g WAEHR A, I 10 mL 50 mmol/L Tris-HCI %
W (pH 7, W 20 mmol/L NaCl, 10 mmol/L EDTA, 5 g/L
PVPP)UKVAHREL 4 h, WIRE.OJFI ISR . 2R F UM
W2 i (polygalacturonase, PG)ifi ¥ Ml R L (3%, W&
540 nm K FROGIE, KPS 2 mL 25 FURR
B, DA SO REEERE A h Ik 2 R FURRRSIR A A 1 mg 2L
BREE FR h — G 7 ok B fir U2,
1.8 RERFEEEEMS

FREL 10 g A5 5R A, A1 40 mL 2 mol/L NaCl (N
0.5 g PVP AP R SOUIGRTEI 1 h, WURELOIR I IR
SR FE TR (pectin methylesterase, PME)7fi 4 (il 2 % FH NaOH
BT, VRPN 1% AR, AW A 0.05 mol/L NaOH
*¥E pH 7.4, LI A 6F 4 min {HFE 0.05 mmol/L

NaOH i %2 1) it FH & S — A~ s g fir Ul
1.9 HFEREEMN

FRIR 10 g $EAE P, 1 20 mL 0.04 mol/L FERR4NZE nh
YW (pH 4.6, N5 6.8% NaCl 1 1.8 mol/L EDTA) KA 42K
1 h, WIHEEDRBCEER . 2748 Z i (cellulase, Cx)ihi 1 1)
MRER A, RANJEDA 1.0%%R B I 40548, LIS
VO AEIERE AR h AL AR F LT 4 AN AR BT 1.0 mg A AT B
H—ATE SRy Ul
1.10 p-FFLPEEEEM

FREC 10 g Wi 1A, 120 mL 1.4 mol/L NaCl (pH 6.0,
WE 0.5 g PVP)KIAHI 1 h, BE.0EI bR, -2k
LW i (B-galactosidase, S-Gal) i M 59 I 2 SR FH Lb 6,3,
MIZE 400 nm K T EROGIE, NIEYIN 1% PNPG, LI%:
FLE AR EE SR AE 0°C pH 6 2544 F, B min A2 5 1 pg XA 3L
H—ATE SRy Ul
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FREL 10 g B5A5 R 14, JH1 40 mL 0.1 mol/L % #h 2%
MR (pH 5, W 1.4 mol/L NaCl, 1.0 mmol/L ZnCl,,
5.0 mmol/L FikE 2%, 1.5% PVPP)IKIA4RI 1 h, B ERE L
JEBCEIEW, JH 85% (NH.),SO, ILUE, FvA THREmRaNZE i
W (pH 6)15% - IH TR I SRR o o L- BT AT ok Mg 5 1 Tl
(a-L-arabinofuranosidase, a-Af)IE A E R FH HL @iz, I
FE 400 nm P T ROGAE, SONTEH) R R 1 -a- - AT
PRI, DA i REEEIRAE 0°C pH S &M F,
min A2 1 pg XY HEES R —ANTE g B Ul
112 HiEALIE

AR AR E L E 3 K, i EdiE A
Microsoft Excel 2013 BFALFR, Hdis LIS YI(E A5 1 22
Fon, F SPSS 17.0 Gt # 4k k47 50 H 2 Jr 22 40
(one-way analysis of variance, ANOVA), HX} 2 7§ ¥
P<0.05 MZERIEAT T HHE /0T .
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WE 1A PR, BEZE IR AV FE K, CK 4 5RO
SERERE BT T, W 30 d BFRBER] 0.73 N, BHEARTF y
FRARL1(1.36 N) (P<0.05), §R HEALHLS (y 40), WERFIRSLAE B
B ETHE FRERGES, ER 15 d BhARIgEE, HS
CK 25 143 .3 (P<0.05), LB p 5§ XA 5 1 W A
TR SR A R A 45 5 B R A U AR B1LS , TFP 215
KRR SR T FEIRIE S CK IR —3, e AN R )
TFRBAR IR, T p+TFP 25 15 45 i SR S A5 8 75 00 38 15
B BALTF y H(P<0.05), ZWi5 CK R, UiHE I8 R+,
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Fig.1 Effects of TFP on fruit firmness (A) and protopetin content
(B) in irradiated blueberries
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A3 E 5 15 A1 30 d #5AE 0L WSP . CSP il NSP
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(P<0.05), M, WHHS CSP SRS TR, H
CK 4171 y EHEQEZIEJE@%#+§J\E%(P<O 05), UkHH%E IR
T CSP S FRE. 43 BIAS A5 R PR B S,
TFP 41 CSP & ;Ej CK 4 e Ak A K, T y+TFP 41 CSP &
HEZEME 30 d B S AIG T p 4 BR 2 (P<0. 05)0L7~E.j‘7 TFP
FHAF T CaM Xt Ca® (55 (5% S, SHURIEIME] WSP &
FEEFI CSP & 5 FREMVEIA BT R, 5 IANIR], mm

BRI NSP A BEFENE 30 d B EE T CK 41(P<0.05),
SEA SRR FEPUR TFP A FLS, 4 BEEE AR 50 NSP & 748
PEEIIGHA S 22 5, Uil NSP & A8k 55 % 40 B T 1 Ca™
FEHRILK,

OCK  ETFP Wy B pTFP

A 04 - a A

B »+TFP

03
0.2 ’—x—‘ ’—x—‘
T 5SS 5 /d

Ock ETFP Wy
B o0 - A

WSPH /%

aB

0.08

CSPE /%

0.06
15 30

TSR ) /d
OCK @TFP @y B p+TFP

@]

03

aA

NSPE /%

15 30
i A A /d

5 2 TFP X485 %%;& WSP (A). CSP (B)fl NSP
(C) & A5
Fig.2 Effects of TFP on content of WSP (A), CSP (B) and NSP (C)
in irradiated blueberries
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5y R 22 5 B35 (P<0.05), Ui W4 M REAE A el %
P DTS AR L S AKSF A Ay FH AT 24K SF A5 5 T
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4KSF M 24KSF 227 RN, 1A 4R R4 e o ) i
R R BRI SN Ca 5 5 S X.

W SRR LT A R I 4.0%~4.5%2 ], F34E
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EHEH B B o aB
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E e o
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4 04
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W 03t
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Fig.3 Effects of TFP on content of 4KSF (A), 24KSF (B) and
cellulose (C) in irradiated blueberries
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HKF, fRIBANER)S, » fRIRLLAN p+TFP 41 PG 1 PME 15§
PESET S ETF, T 10 d BHEARIA R, R BT
CK Z1(P<0.05). UtBH%% BI0TH T 88 E%E PG Al PME &
P, {HZ, TFP 4H7 PG I PME {&PE7254k 5 CK A L e
W25, M p+TFP 4lrh HIE I & F » 5 IE 41 (P<0.05) i BA

TFP AbFFEAR T p 5EIEGT PG #l PME (AHIVER . SR
], fRBRANIR)S Cx Ttk BAR AR T CK 41, (R # ) 22 5%
AR, HEE TFP bHs, F£AMMEFWARE . L,
p 4 BRSO A PR AT SR S Ox I MEBEAT S, (HAT IS Ca”
{555 2 PG A1 PME W1, FLS Rl /8 F i ksl
REAAENH 10 do

—— CK —TFP -8y —a— y+TFP

A 50 _ - 5 aA aA
45 1
2
H 40
Ha
B 35
z
30 -
25 1 1 1 1 1 1 1
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- IRl /d
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B 200
2 160
3H
%ﬁ
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C 8 r
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T3 AT A /d

%l 4 TFP %I 4RI #5592 PG (A) . PME (B)FI Cx (C)if 1Y 51
Fig.4 Effects of TFP on activities of PG (A), PME (B) and Cx (C)
in irradiated blueberries

2.5 TFP X} p-Gal ¥ a-Af SE BTN

WE S firR, RIS B-Gal Al a-Af 15 HE7EHE
AR R BTSSR 15 d, &-2H B-Gal Fl a-Af
(AT P 22 ST AN BH S, (PR TP ] 7 4E 1<, CK 4
#) B-Gal Fl o-Af WGMEPE T, ISR T y 44(P<0.05),
XA y AR T v J0S 1 85 S 52 B-Gal il o-Af T
PETE G o 25 A A5 R FEPURIAL B, 6 B AR 521 B-Gal
M o-Af WETEYNE A T, (A5 y B L, Btz
25 B (P>0.05), BLBHARE LS -Gal 1 a-Af JEPE
XiF y R BRI S Ca® {55 1 S N AN FRUR, y 6 HEGT Vo
W B-Gal T a-Af 36 M A0 AT B2 i HoAhag 72 i = A
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a-AfTEPE/U
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Fig.5 Effects on activities of f-Gal (A) and a-Af (B) by TFP in
irradiated blueberries
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T A R W RE R S T T, SR H b L it
TE P RGP A T B 2, AR A A0 R R R SR S
SRR B Y SN RIS, AP Ca® iR
HRRASHATRE, B 24000 Ca® il i F i VR 5 SR
KA FEARBETES, UL GRESAAE, HES S MR
Y3, ASBIFSE S B Ko 4 A 1 2 R S A A 5
Wi, JEAENCHE 15 d B HVE T E(E, UERARE RRAL I TV S A
WARMIP Ca® [ MM RE AT RS, X AEVEF RTE S h 2 22
BAFSEPOL, P 15 d e B A SR S0 B R RN N i S
S BE PR ARA O, X CaM KIS S SRR ZE R
MG RGN TFP GBI 7 —E B FRRIXAMER, X
N TFP 5 CaM 324 Ca®', S5 CaM W5 S S
TR, SRR TR R S Ca 5 B S A XA
RS SCRE A TR [RIARE PO AR FH AR I TE AR
X JEURL A L CSP AT WSP Fff RO, DERASR IS Ca™
(F SRR T RASHE VA S E R A AT e . ANIRIHb, 4 HE B SRR
NSP. 4KSF #il 24KSF A —& Wil /EA, B2 TFP ik
A1 553 0 R Ak b g i, ) AT BB A A7 A HAth ) i 42 T LA
PR A SRR . MOk, RSN EE (YRR S PE.
PG. Cx. p-Gal il a-Af HIKFVERA HiEXL AP, caM
5 Ca @G ISR, AT LAY Y 40 P 22 e 0 355 4 A
A hAED . L UR A WA R SR AL S Cx T
B EIPE X, EFPHAN Cx B PBOERE RS AL R
R, XS R A (R, 1 PG BERS IR

5 Hi 010 I R SR 9B Ak, X B-Gal Fl a-Af RS BI AR
FH o A5 IR HEBI ] T 92 A 25 R 5 PG 1 PME i
P, 1 H. TEP F&A% T 4% lExt PG I PME B9k, ¥ PG
A PME X B8 S Ca® M5 S 1+ o0 B . T 4 R
) S AV TR ) HH 0 b e vy SR S et B LR S 5 2t 1 S B Al
T 5 d, IR EA S Ca® il JEE PG M PME #0175
SR AN CSP [4Ai ol WSP, 111 6] ¥4 98 i 7 SR S B 7 A 7
RS o B B Cx TEMEAT 2, T LA 27 4k R 5 1 1728
AL AT M . 55 NSP HZE R, FRIRANH T % 55
WA B-Gal Fl a-Af 1EPE, {HUE TFP X640 B i 1
FHBEA S, Ui B-Gal Fl a-Af % Ca® (5555 540 TR il i
FR N PR T RS NSP 3 A AR TR 25 5

4 % B

ARWFFEEE R LW, » FIBEEEN T Ca® 555 S
PG Fll PME &4, FEAREER AN CSP Ffi A WSP [ 7] B,
T o ¥4 i 2 SR SR R P A B R 4 1 R AE B
TFP REMEE— R EBHWTI A Ca™ (5 5 /0 5E SA/EM; (1
J& Cx. p-Gal fil a-Af X HEIEE S0 Ca®* {55 S 1 A B,
ISV SRR HLSC AKSF, 24KSF MILF4E £ o=k
5 Ca (5 594 IOk NI, y FIRIA L B Ca® {5 S X R
2 5510V MR R SR SR AT EE B R A
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