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Abstract: [Objective] Studies on the relationship between NAD Kinase and NAD(H), NADP(H) and active oxygen during
ripening and senescence of post-harvested strawberry fruit were conducted to investigate the function of NADK during ripening and
senescence of non-climactic fruit. [ Method ]Strawberry fruit was harvested from the orchard and stored at different temperature. The
changes of NADK activity, the content of NAD(H) , NADP(H), H,0, and malondialdehyde(MDA), and O, production rate during
ripening and senescence of post-harvested strawberry fruit at 4°C and 20°C were investigated by sampling everyday and analyzing
the relationship between NAD Kinase and others. [Result] The NADK activity and the NADP(H) content of strawberry fruit at low
temperature (4°C) were higher than those at 20°C, however, the NAD (H) content at 4°C was lower than that at 20°C. Meanwhile,
the O, production rate and the H,O, and MDA content at 4°C were lower than those at 20°C. The results suggested that NADK
might be involved in ripening and senescence of post-harvest strawberry fruit by regulating the content and proportion of NAD (H)
and NADP(H) , the O, production rate and content of H,O,. [ Conclusion] Keeping high activity of NADK was beneficial to
postpone the ripening and senescence of non-climactic fruit after harvested. Reducing activity of NADK led to probably
accumulation of NAD and NAD (H) to promote transduction of electron, to produce large amount of active oxygen O, and H,0,, to
enhance super-oxidation of membrane , to enhance accumulation of MDA and in the ripening and senescence of fruit .

Key words: Strawberry (Fragaria ananassa Duch.); Ripening and senescence; NAD kinase; NAD(H); NADP(H):Active oxygen

Ig¥5 BHA: 2006-03-10; #E= HHEA: 2006-09-22
EEWH: HxARRFEESEBIHE (30360069) , St K340 H
EHRN: BURE (1964-), 4, M, #d%, 1, W07 1 RER )G 4B 5 8 BT . Tel: 020-31876152; E-mail: gucaiqin86@163.com



2 3 JRSRBESS . B RS2SR 5 NAD BEEIE 5 NAD (H). NADP (H) & & Fas &= & 353

0 3l3

[0 Y Bai 2t SO (R R AR B Sk, R
S BOAGEZ AR, PRI ROEER G B 2 I AR
NADK{EPEENAD (H) « NADP (H) A4 4G
R R, X T IARNADKAE JE AR
2R SRS A S R T R F B R A 1 — 2 il 4 L S
A A ELEE . [if AWFiEEE] NAD
Wl (NADKD s H i It & 300 A2 P 4k ) HE— i Ak
NAD g 14 2E lENADP [ liF . ZE 917k N FINAD AN
NADP 2 /0% 55 300 2 A [A] (1) A8 J5 S V.
NADH. NADPH7EHL ALt firfr, 225420, -Hl
H,0,, (B i & . 2k
WA RS A 2 R T ) R AR R ) 2 —,
KEWFTEN], WA K2 P BUR S 2 I
BT, i, SRR SOR SRR RO, AR
AR R PP L & i 2 5 NADK A K,
ARV £ 1 NADKSE 55 i M AR o6 i ok
WARTE o AP IR OG5 Il {0 ] ASIE G A SR A BT 5T 1)
el Bt PR AR S GRS E A NADK
TEPEERE I OCR, DU BN ADKAE R R AR A4 LS
FCAE I RE T IE R, oA v A A R s
AR .
1 AP E
1.1 MRl AR

2005 4 4 H A& i A MR Mg fef g
(Fragaria ananassa Duch.) , & NTE. ZPkit
i, KB E T AR YT, AR S0
A, HL3E 26 . FRRHERL 0 HEBON 20°C AT 4°C
BT CREFMELRE T 13 3D, AR LN
90%. FFRIFE 1%, HRNRIHIVRRE R L.
REXBEHLICR 250 g, £ B Ja4hm, WRA), FRE, AR5
PV EGEE,  N-80°C UK AR A7 4
1.2 A&
1.2.1 NADKJEPERME U 10 ghi%g, fEUKE N H
10 mHREGE (Tris-HCL, 50 mmol-L™', pH 7.8) B,
7E4°C . 39 000X gi.0r 30 min, HL 0.1 ml B3N
04 ml & M ¥ (0.1 mol-L" Tris-HCI , 10
mmol-L"'MgCl,, 3 mmol-L'ATP, 2 mmol-L"'NAD, pH
8.0) T 37°C F{#E 60 minfi5, ¥ S min, £ 5 000
X g B JE A . A2 BYINADPI 52 2 I8 SC R OF 3
7. FraENERDET 3 K.

1.2.2 HAFGHENE 2K Bradford Pk, L
BASHAHRESR . BE 3 I

1.2.3 NADP. NADPH. NADMNADHllE
ZIOCER[ 7P R B 0 IR 10 ul, I 200 pl
JEAM (1 mol-L'tricine-NaH. 40 mmol-L'EDTA. 4.2
mmol'L"MTT. 16.6 mmol-L"'PES 25 mmol-L"'G-6-Pu§
5.0 mol-L"' %) , FIIA 150 ul 0.1mol-L NaCl, F*
37°C IR PR 5 min, BUHBRNIKE I 50
wl 6-Tof R T 26 W i S Wi B B W G, P51 37°CER
IKIEHEEFE 40 min, BUHEIA 200 pl 6 mol-L'NaCl
WL N, BB (12600X g, FHikE 15 min)
Fip BVEW, UOER 1.5 ml 95% LB, FRUTTE
P e ARG T 570 nmAbil 2 ODAH .

1.2.4 H,0,. HEET (O, FINZRERNE 2
HESCHR[9132E4 T

2 HRESS

2.1 BEERITXEHHATEZIIIED NADK FEERT L

HIE 1 AT, SRE A RSEAEARIR (4°C) TR
IF NADK & 1 5887 B R, 2058 7 R, BgvE e
T 36.3%, 5 8 KLU X [IFHRELAE;  7E 20
C NI RSE NADK S5 I Bl dh, 1y HREE
PEAREALL 4CIL, —F ERIERFE KT (P<0.05) ,
Ui WG IR ) 7 52 RS NADK JGPEI T B
2.2 NAD EEMTHK

NAD & NADK 1EH 4, 5 NADK fifl &
AR SN AE B NADP. |18 2 W40, SR Jm #aE R
SAE 20°C I, H NAD SRR (4°C) (1,
THEERIKEFEKE (P<0.05) , WRHEEZ T NAD
(RIS AK #a 3 B NADK 728 40 4 34541 I o
2.3 NADPEZEHIT L

NADP J& NAD BRI =4). &l 3 vl i, *
iR G ARG (4°C) RIS, BT NADK 5Pk
i (20°C) W, LA NADP 155 AR
TR R, S ERIE B E KT (P<0.05), # 1.
Bl 2 T 3 B I H SR W) 1Pk
2.4 NADH & 2T

NADH & NAD MHL &g B3G5 it
JRASIEA, ER AR R AR AR A T
TR B 4 50, SRJE R R SEAERIR (4°C) i
NADH &R (20°C) IR, AT 4 d Freeff
Fr BT, mTHIMGME 23%, 55 5 KGRI T M
o HIE (20°C) N NADH (WA a4 S5 (4°C)



354 FoOE Kk

ML, BERJGE 3 K, HRIEA(E s 40%, LUS U
R T B RIS, FE(20°COIE T NADH
TR (4°C) W m, —F =R IE B KT (P
<0.05) , 5 2 NAD Ak ia3h—3,

60 1

20 —— 20C

a— 4 i The same as below

NAD G
NADK activiy( # moINADP-h'. mg 'pro)

10 r

Felii X ¥ Days afier postharvest(d)

1 BEERFEMHAREITED NAK EIEEL
Fig. 1 The changes of NADK kinase activity during ripening
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Fig. 2 The changes of NAD content during ripening and

senescence of postharvest strawberry fruit
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Fig. 3 The changes of NADP contnent during ripcning and

senescence of postharvest strawberry fruit
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Fig. 4 The changes of NADH content during ripening and

senescence of postharvest strawberry fruit
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Fig. 5 The changes of NADPH content during ripening

andsenescence of postharvest strawberry fruit
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Fig. 7 The changes of H,O, content during ripening and
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L

AR
Content of MDA(nmol - g'FW)

0 1 1 1 1 1 1 1 )
1 2 3 4 5 6 7 8 9

)i 423 Days after postharvest(d)

8 EEXFHARZIEDWASEHTN
Fig. 8 The changes of MDA content during ripening and

senescence of postharvest strawberry fruit

3 it

e BRAR A S S R s R S 2 B B AR AR
AR, B 1 AR, R SR ST s o i
INADKGE RS T Ry, MK (4°C) ki b
M (20°C) Wy A SR RR AL R N ADKYE P, 3X i
7 PR R (R NADK G 1A ) T 4 28 5 (1) il o g
2, X ] RE AR AE 2% FEAE R R E I SR R 22—
NAD #2285 % (CaM) ORI E R 12,
DRI REAE AR RIS INADK. SiEPE[H T o] R
FAECaM FRITH R G, A BN A T
EZ A

NADK fi ft. NAD 5 ATP 4= iNADP!. NAD 4
NADP 2 4 375 57 AL SR T BR8], eAi 3
17 AR ANAN 5 | 40 A A3 SRR A I 80, if FL [k
AL 5 PR m MR, NAD X 225 5 i
(EMP) FI=JRIRHiIA (TCA) , NADPI|:%% 5
R JLH& R (ppp) M. HWFSLEY, NADRE(EE
SRR RR AL E 2. B3 Eon, K
TRIE T INAD 7 LU I AR, NADP L
WIS 5, R e AR AT 5 3 T R K ppp
WA, W PPN ET e LEMP. TCAIRE A
&, X5 R AR S FEER KA ZFEMPLE R . B Kppp
e, ARIR R pppid 243 LUEL I a5 e AN, B
EMPHITCAZIFIAE R 48, pppre i, Frid,
IR T AR RPICET pppid A2k 2, LI a5 0 o Ll
iR FLAEMP. TCAH F IR 1P s AR, np
WeTHFED, AN A A LA K . W] L, NADKI#
b AR B %E () NAD 5 NADP LE 451 7] fig 2 A% He I 18 ik
72, INITT AR IR ARG T



356 FoOE Kk

N

= 40 %

NADHENADFRAFHL 15 Wit &S TE, fE
THkdE— DS 578, [FE, NADP LNADP
(H) WIRAI. TH50AN, M-T4A A iin
5], NADPHE V-4 fi 490 40 i 80 A J Oy T e AR T 2
YEHUS!, S HNADH. NADPH )4 & i ml 445 5
FSRVPA Bl FTPPP 442 Qi 13551, NADH.
NADPHYE L A6 I fE 3955720, FIH,0,, i
BERE IR Y iR, EECR R IR M
JIANADH MG (WK feflisH 20 ,
{7 £ 20, {H NADHLIENADP (H) A% i 7 (3 %
RO B MR, MNADPHS & NN, S340
I PTARA LBE SRR, 5 | 40 M 32 9 o 1 B 1
RU, B4, K5 450 808, FiE N NADH® &G
N, MINADP (HD HIECAGHER MG, XA fe 380 iR
N B HLT AR 0 1 T AR LU AU R, PAEAG R T BRI,
FEAERENAEIMER T2, Ee. B 7 MR ER,
BLAE SR 5 RS P A O, 1R P AR A AT H,0, 1% 51
VAR T s, HE—2DEI TIX—45i8 . axLegh LR,
*INADHHINADPH [ LA A A= AR AN, 40 P A Aok
HRABEZ KA

O, FTH 0,35 1] 13| i 41 Jf J & 2 ik 48 A R AR 42
WK TYIRUNIRSS . R 5 ADNAB . filr,
MR IO B 2R A e T R A5 540 1, &
FERWARET X MR R CH AMe s>, g
(MDA) Sl A =, Ho5 & 0 s i sk T
R A A AR . BEREE R (B 8) KW, BT
IR N EA O, HO, 5 & HKIE N s, AHN MDA
Prigdimr, B, HELR EAZ R AN S AR
W AH R LRI N A

4 g

AR PR AR IR IR K G AR Z I AR, IRAFEL
i IINADK I VAT A T~ S8 22 R S IR g 22, R
NADK G Al S ENADAINAD (H) SHEHRE, it
MR A8, A K E TGO FIH,0,, MM
e EAAEH, R Z MDA, 54 FEUR K
LA

References

[11  Mcguinness E T, Butler ] R. NAD kinase -a review. International
Journal of Biochemistry, 1985, 17(1): 1-11.

21 Kb, SRR, HOE AAE S RS bt BREA AL,
1999: 91-103, 195-200.

B3]

[4]

[3]

[6]

(7]

[8]

[

[10]

Sun D Y, Guo Y L, Ma L G Cell Signal Transduction. Beijing:
Science Press, 1999: 91-103, 195-200. ( in Chinese)

Peter S, Claudia P, Gittea F. Release of reactive oxygen intermediates
(superoxide radicals, hydrogen peroxide, and hydroxyl radicals) and
peroxidase in germinating radish seeds controlled by light,
gibberellin, and abscisic acid. Plant Physiology, 2001, 125:
1591-1602.

ERZE. R, W RBOC, . YRS 5 1L
Pz Aent BREARAL, 1998.

Wang A G. The oxygen metabolism of plant. In: Yu S W, Tang Z C.
Plant Physiology and Molecular Biology. Beijing: Science Press,
1998. (in Chinese)

KRR, & L, URZES, AR, kAR, SRR S
AEZECD . CaM. Ca'-TAPaseNEHEARMIXR R, hEK

AP FRFE, 2002, 35: 1385-1389.

RIR,

Guan J F, Gao M, Fan X C, Gu C Q, Li G M, Zhang J S.
Relationship between maturation, senescence and Ca2+, CaM content,
Ca®'-ATPase, and active oxygen metabolism in strawberry fruits.
Scientia Agricultura Sinica, 2002, 35: 1385-1389. ( in Chinese)
JBURE, RER, W07, T8 HRFIERYSRE NAD #
fiti . NADP B2 BT AL 9. B AO R, 2002, 35:
1381-1384.

GuCQ,GuanJF, Xi YF, Li G M. Changes of activities in NAD
kinase and NADP phosphatase in postharvested tomato and
strawberry fruits. Scientia Agricultura Sinica, 2002, 35 (11):
1381-1384. (in Chinese).

Gibon Y, Larher F. Cycling assay for nicotinamide adenine
dinucleotides: NaCl precipitation and ethanol solubilization of the
reduced tetrazolium. Analytical Biochemistry, 1997, 251: 153-157.
Bradford M M. A rapid and sensitive method for the quantitation of
microgram quantities of protein utilizing the principle of protein
dye binding. Analytical Biochemistry, 1976, 72: 248-254.

EUSCRE, B R BIE AR R A AR A KRRl I
NI A RIS . BH LR R4, 2004,12(1): 63-68.

Li C Q, Hang B L. Effect of calcium on the growth, the protective
enzymes activity and membrane lipid peroxidation in Eucalyptus
grandis X Eucalyptus urophylla seedlings under osmotic stress.
Journal of Tropical and Subtropical Botany, 2004,12 (1): 63-68. (in
Chinese)

M, elete, R0, R0 IR 1 A R LA B
R4 B0 I, 2005, 41:235-241.

Tian M, Rao L B, Li J Y. Reactive oxygen species (ROS) and its
physiological functions in cells. Plant

plant Physiology



JRSRBESS . B RS2SR 5 NAD BEEIE 5 NAD (H). NADP (H) & & Fas &= &

357

(1]

[12]

[13]

[14]

[15]

[16]

Communications, 2005, 41: 235-241. (in Chinese)

BURE, RAE. B R h A B AR PR AR L. Ak
L)%, 1998, 17: 345-348.

Gu C Q, Zhu D X. The physiologic and biochemical changes of
strawberry during maturation. Journal of Mountain Agriculture and
Biology, 1998, 17: 345-348. (in Chinese)

Roberts D M, Harmon A C. Calcium modulated proteins: targets of
intracellular calcium signal in high plant. Annual Review of Plant
Physiology and Molecular Biology, 1992, 43: 375-414.

Graham N. Metabolic signalling in defence and stress: the central
roles of soluble redox couples. Plant Cell & Environment, 2006, 29:
409-425.

Zerez C R, Moul D E, Gomez E G. Negative modulation of E
scherichia coli NAD kinase by NADPH and NADH. Journal of
Bacteriol, 1987, 169 (1): 184-188.

Shugaev A G. Developmental changes in the NAD content in
sugar-beet root mitochondria and their effect on the oxidative activity
of these organelles. Russian Journal of Plant Physiology, 2001, 48:
582-587.

OB, A, AT M, A WL IR ORI B
ZENPIRARHISE R RIBIT S Y4 H-JRA, 2004, (3): 1-4.

Li X, Li X L, Gao D S,Yang X P, Li M. Influence of temperature on

respiratory metabolism of sweet cherry dormant buds. Deciduous

[17]

[18]

[19]

[20]

[21]

[22]

Fruits, 2004, (3):1-4. (in Chinese)

Vicente A R, Martinez G A, Chaves A R, Civello P M. Influence of
self-produced CO, on postharvest life of heat-treated strawberries.
Postharvest Biology and Technology, 2003, 27: 265-275.

Raquel V, Corpas F J, Alfonso C, Gomez-Rodriguez M V, Mounira
C, Pedrajas J R, Ana F O, Del Rio L A, Barroso J B. The
dehydrogenase-mediated recycling of NADPH is a key antioxidant
system against salt-induced oxidative stress in olive plants. Plant
Cell and Environment, 2006, 29: 1449-1459.

Blenkinsop R W, Copp L J, Yada R Y, Marangoni A G. Effect of
chlorpropham (CIPC) on carbohydrate metabolism of potato tubers
during storage. Food Research International, 2002, 35: 651-655.
Murphy T M, Auh C K. The superoxide synthases of plasma
membrane preparations from cultured rose cells. Plant Physiology,
1996, 110: 621-629.

Klaidman L K, Mukherjee S K, Adams J J D. Oxidative changes in
brain pyridine nucleotides and neuroprotection using nicotinamide.
Biochimica et Biophysica Acta, 2001,1525: 136-1438.

Hensley K, Robinson K A, Gabbita S P, Salsman S, Floyd R A.
Reactive oxygen species, cell signaling, and cell injury. Free

Radical Biology and Medicine, 2000, 28: 1456-1462.

(SRS kD


http://web108.epnet.com/searchpost.asp?tb=1&_ug=sid+C3AEA252%2D76DC%2D4726%2DA569%2DDEACFF84D7BD%40sessionmgr6+dbs+a3h+cp+1+A372&_us=sel+False+sl+%2D1+hd+False+hs+False+or+Date+fh+False+ss+SO+sm+ES+mdbs+a3h+ri+KAAAGEGB00322931+dstb+ES+mh+1+frn+
http://web108.epnet.com/authHjafDetail.asp?tb=1&_ug=sid+C3AEA252%2D76DC%2D4726%2DA569%2DDEACFF84D7BD%40sessionmgr6+dbs+a3h+cp+1+A372&_us=sel+False+sl+%2D1+hd+False+hs+False+or+Date+fh+False+ss+SO+sm+ES+mdbs+a3h+ri+KAAAGEGB00322931+dstb+ES+mh+1+
http://springerlink.lib.tsinghua.edu.cn/(u23gse45ekqdgsvh55ycwvqh)/app/home/journal.asp?referrer=searchresults&id=106542&backto=searcharticlesresults,1,35;
http://springerlink.lib.tsinghua.edu.cn/(u23gse45ekqdgsvh55ycwvqh)/app/home/issue.asp?referrer=searchresults&id=NUNHHL5ME6DA&backto=searcharticlesresults,1,35;
http://web108.epnet.com/searchpost.asp?tb=1&_ug=sid+C3AEA252%2D76DC%2D4726%2DA569%2DDEACFF84D7BD%40sessionmgr6+dbs+a3h+cp+1+A372&_us=mh+1+ss+SO+hd+False+hs+False+or+Date+mdbs+a3h+fh+False+frn+1+sm+ES+sl+%2D1+dstb+ES+sel+False+ri+KAAAGEGB0032293
http://web108.epnet.com/searchpost.asp?tb=1&_ug=sid+C3AEA252%2D76DC%2D4726%2DA569%2DDEACFF84D7BD%40sessionmgr6+dbs+a3h+cp+1+A372&_us=mh+1+ss+SO+hd+False+hs+False+or+Date+mdbs+a3h+fh+False+frn+1+sm+ES+sl+%2D1+dstb+ES+sel+False+ri+KAAAGEGB0032293
http://web108.epnet.com/searchpost.asp?tb=1&_ug=sid+C3AEA252%2D76DC%2D4726%2DA569%2DDEACFF84D7BD%40sessionmgr6+dbs+a3h+cp+1+A372&_us=mh+1+ss+SO+hd+False+hs+False+or+Date+mdbs+a3h+fh+False+frn+1+sm+ES+sl+%2D1+dstb+ES+sel+False+ri+KAAAGEGB0032293
http://web108.epnet.com/searchpost.asp?tb=1&_ug=sid+C3AEA252%2D76DC%2D4726%2DA569%2DDEACFF84D7BD%40sessionmgr6+dbs+a3h+cp+1+A372&_us=mh+1+ss+SO+hd+False+hs+False+or+Date+mdbs+a3h+fh+False+frn+1+sm+ES+sl+%2D1+dstb+ES+sel+False+ri+KAAAGEGB0032293
http://web108.epnet.com/searchpost.asp?tb=1&_ug=sid+C3AEA252%2D76DC%2D4726%2DA569%2DDEACFF84D7BD%40sessionmgr6+dbs+a3h+cp+1+A372&_us=mh+1+ss+SO+hd+False+hs+False+or+Date+mdbs+a3h+fh+False+frn+1+sm+ES+sl+%2D1+dstb+ES+sel+False+ri+KAAAGEGB0032293
http://web108.epnet.com/searchpost.asp?tb=1&_ug=sid+C3AEA252%2D76DC%2D4726%2DA569%2DDEACFF84D7BD%40sessionmgr6+dbs+a3h+cp+1+A372&_us=mh+1+ss+SO+hd+False+hs+False+or+Date+mdbs+a3h+fh+False+frn+1+sm+ES+sl+%2D1+dstb+ES+sel+False+ri+KAAAGEGB0032293
http://web108.epnet.com/searchpost.asp?tb=1&_ug=sid+C3AEA252%2D76DC%2D4726%2DA569%2DDEACFF84D7BD%40sessionmgr6+dbs+a3h+cp+1+A372&_us=mh+1+ss+SO+hd+False+hs+False+or+Date+mdbs+a3h+fh+False+frn+1+sm+ES+sl+%2D1+dstb+ES+sel+False+ri+KAAAGEGB0032293
http://web108.epnet.com/authHjafDetail.asp?tb=1&_ug=sid+C3AEA252%2D76DC%2D4726%2DA569%2DDEACFF84D7BD%40sessionmgr6+dbs+a3h+cp+1+A372&_us=mh+1+ss+SO+hd+False+hs+False+or+Date+mdbs+a3h+fh+False+frn+1+sm+ES+sl+%2D1+dstb+ES+sel+False+ri+KAAAGEGB003
http://web108.epnet.com/authHjafDetail.asp?tb=1&_ug=sid+C3AEA252%2D76DC%2D4726%2DA569%2DDEACFF84D7BD%40sessionmgr6+dbs+a3h+cp+1+A372&_us=mh+1+ss+SO+hd+False+hs+False+or+Date+mdbs+a3h+fh+False+frn+1+sm+ES+sl+%2D1+dstb+ES+sel+False+ri+KAAAGEGB003

	草莓果实采后NAD激酶活性与NAD（H）、NADP（H）            含量及活性氧代谢的关系 
	顾采琴1，2，朱冬雪3，李  棋1 
	（1贵州大学食品科学系，贵阳 550025；2广州大学食品科学系，广州 510405，3贵州大学农业生物工程重点实验室，贵阳 550025） 





