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Plants response to phosphate starvation include the changes of activity of some enzymes, such as
phosphatases, fructose-1,6-bisphosphatase, sucrose-phosphate synthase and nitrate reductase. In this study, to
determine the effects of phosphate starvation on the change of activities of acid and alkaline phosphatase,
fructose-1,6-bisphosphatase, sucrose-phosphate synthase, and nitrate reductase were studied in melon
seedlings (Cucumis melo L.). The content of the protein and chlorophyll tended to relatively reduced in melon
seedlings subjected to phosphate starvation. Acid phosphatase activity in first and second leaves of melon
seedlings was relatively higher than that of third and fourth leaves of seedlings in 14 days after phosphate
starvation treatment, respectively. Active native-PAGE band pattems of acid phosphatase in melon leaves
showed similar to activities of acid phosphatase, whereas alkaline phosphatase activity was different from the
change in the activity of acid phosphatase. Inorganic phosphate content in melon seedlings leaves was
constant. The changes of Fructose-1,6-bisphosphatase and sucrose phosphate synthase activities showed
similar pattems in melon seedlings leaves, and between these enzymes activities and phosphate nutrition
negatively related. Fructose-1,6- bisphosphatase and sucrose phosphate synthase activities showed significant
difference in second and fourth leaves, but nitrate reductase showed significant difference in first and second
leaves in 14days after phosphate starvation treatment. We concluded that phosphate nutrition could affect the
distribution of phosphate, carbon and nitrogen in melon seedlings.
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Acid phosphatase activity of leaves and root of melon seedlings subjected to phosphate starvation for 7days and 14days.
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Introduction
A B GoklA WA oA EoF & olAko] dlefo] LuF
ofA Al 71231 Ago] EAY T UAFOR Yol
Tl Ak W= FeTt 5 EAEt) ol A9 4

EA A4 domite MEA dgehs ofdl o Rel=
olAto] Ao]% (remobilization) Eofof THe wjQ =93}

ol f okyxool WHE o] A9 QIARke] B

phosphatase : EC 3.1.3 2)Q A Z7PF ArgE] Lot
o}, Qlo] FE3h ofg] FF9 A9 HelolA] A QAR
sfairt EHjEth= Bal (Ascencio, 1997; Duff et al.,

1991; Li et al,, 1997)7} Qlow, ol2hu]EA| Ao A E Me]
of ARl ozl el FHEAT EAIT Bk ohet
QAre] x| 2o] O3] o} F9lEAl GrEsitkn
A A QU (Trull et al,, 1997), A QA =B 49}
o] I QXI55 E A~ (ALP: alkaline phosphatase:
EC 3.1.3, I)E ?E“ﬂ?ﬁ,gi A EA| T Wo] A= G4
2 QlAke] A (Duff et al., 1991), & AEH A (Pan, 1987),
HB= (Barrett—Lennard et al,, 1982)31} e AEHA
£ e ol olsh= Aos dEA Qloh A $l 4
EAOIA Q19 T AlRIsHE F7] ¢4k o] g} A
SAAe] HFHo| Z71Etl (Muchhal et al,, 1996; Liu et
al,, 1998; Lin, et al., 2009), A QIAFES| G 4 (Lefebvre
et al,, 1990; Duff et al,, 1994; Miller et al,, 2001; Li et
., 2002)2} RNAE S84 (RNase) (Bariola et al., 1994),
e A RS a A (Alkaline Phosphatase) 2} 242
7h &EulEo] Al Wo] FrlE ¢lojut ZHe &84
718 Qlog fashs £x1617] 913t thakxQl Wst
lojut} (Bariola et al,, 1994; Duff et al., 1994). °]&
o] 2o AlEA| yWiAcrE AFRRRY iy
Q1] AolEe] STt Lol Zlo] FX1EH, A
15 Y QR AR HEokeA H= 24t
ho] A=A QAHe] S fAlS=Tl S8t BHol
(Lefebvre et al,, 1990; Jeschke et al,, 1997).
E3E AEA Y] oA Al W F7]Q14H] st ¢
SA2RE PE] AEZAR olFsh= AEd A
(Glyceraldehyde—3—phosphate) 2] A2 sr= 1173
gt GEA A Y] = A B A2 WollA A%
W= 8= Aoz & dA ok o] S J=x
9] oubo]| EAY5k= QlAk f;‘i‘rﬂ 02l (phosphate transporter)
of oaff o3} FEA o7 2HgII}, Wk Al W 7]
Q1iHe] o] Wol|H JEA| =R e QlAke] %
o] Zrax|o] Al of| A o] Awte] g AlghS vhal o5
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M) kel 4ol Z7ker) Qlate] ggol oA
A QAte] f-Eo] S0 ARt a4 (Sps:
Sucrose phosphate Synthase, EC 2,4.1,14)2] 2}g-0] &7}
5 ko] gHo] o] Aze] Jepigo) Ugto] o
2012 4 ok, AEA Yol A Te-1,6-0] QA7)
a4 (FBPase: fructose—1,6—hisphosphatase, EC 3.1,3,11)
= Bjelate] gheal Arehgelatel o] ele) 2 s
glom 2490 tiAlel HHE HAF FPUa A (NR: Nitrate
Reductase, EC 1.6,6.1) = Z-& dlfo] 9JS 7oz AzE}

B Ao fusk A%t z
ofo] AT A% el ofal YO Qo] AHhS
O @ 7bA 40| A2 olalsk, QA o AR
of whase) B Achrjele] By 5 4B s
ofafst o] A o el WSy Aasiet
wfehA] Qlike] ool mE ABA| W) etebs wakt
Ap2] GRS olshsha Beke 4 Gl AZ Bst

| Eaee] 2y

O e

silz2 A X2 ZAREE ZQ] (Cucumis melo
)2 S ellonl, ol AES ge A7 ==
(8X8X7 cm)o]] THE5lo] 3G 0] W& wi7hA] 1/4 strength9]
Hoagland 2918 AA=F FIF5FHA 250 umol m ~ s 2
ek} 28°C/20°C (5, 14 hrs/oF, 10 hre) 2 &% AWSAF
oA RIS S0l FUT FHE AAsto] Theld]
A EA FEu RS FETE YR (+P)<2F 1 mMO] KH,PO,
o] Aere Eekol KO YiAsh Hjopel e Taat oLk
AR A2l (-P)= sfo] wjHS A shich A7
T 79 RO 1~33 1497 FHO] 1498 2 A
F1olo] 24 -80°Coll Wl BE ARl AHgsiect

Acid % Alkaline Phosphatase AT AHd 2 7]
4 dpiaaied B 278 fid 2hsge
ol A& AATF (9F 1 g)& HA| IAS do] npst & 1
v Hujo] == ¢kl [10 mM MgCly, 2 mM EDTA, 5 mM
DTT (dithiothreitol), 2.5%(w/v) glycerol, 1 mM PMSF7}
£ 9= 50 mM Tris—HCl buffer (pH 7.4)] 0.2 F&3}9]
ZaAMO Z 31} (Bozzo et al., 2004; Granjeiro et al.,
1999), A QX E S|4 o] EAEE 1 mM EDTA, 10
mM MgClz, 5 mM p—nitrophenol phosphate (pNPP)7} S5
%l 50 mM Na—acetate buffer (pH 5,14 =45}t &
714 QAR aae] EAEE= 1 mM EDTA, 10 mM
MgCl, 5 mM p—nitrophenol phosphate (pNPP)7} &Ha-%
50 mM diethanolamine buffer (pH 9,8)ol|4 &3} ME}'
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nitrophenol (pNP)2] &FF (¢ = 18.2 mM ' cm~
v|EAE 2 VeERN ST (Bozzo et al., 2004; Robinson

et al., 2012). ZEAN0] ChIlaEe. BSAS FZETHE
& 5}o] Bradford (1976)9] Wi e & FFsiqict. 4 Ql4ik
7FrES| a4 U=l 3918 Bozzo et al, (2004)2]
HF S BEsto] HiMlA A7]%% (native PAGE) O o]
3}t A7]%9%-& Phast system (Pharmacia AP oA 8~25%
gradient precast gel (5%5 cm, GE Healthcare)2 A5}
AZAL A RS W o= H7]9F stk A719s
3t Ao FAE FME 100 mM Na—acetate buffer (10
mM MgCly, 0,03%(w/v) 3—naphthyl phosphate, 1 mg/mL
Fast Garnet GBC salt)ol|A] A3} SAdul=9] 248
Image Master 1D Prime software (Pharmacia AH& ©]-83

of HAJstgct,

Sucrose-phosphate synthase2} Fructose-1,6-bisphosphatase
YME gl YyEe) BYwet Bg-1,6-0 et
TRl aal] SA4E ZAL A xRN A=
Kerr et al, (1984)—4 HH o 2 k23t o] ZASL) 10
| Hu] o] 32292 5 mM MgCly,, 1 mM EDTA, 5 mM
PMSF7} ?ﬂoﬂ HEPES 2+ (pH 7.5)2 AMESIITE =
E X4 gerale 4178 (13,000 rpm, 4°C, 10

) UHFOR o] -80°C WsaLe] B
St 2 ARloll ARESHITE FBPase®] /4% & é%
15 mM MgCly, 2 mM FBP7} #3H% 50 mM HEPE
(pH 7.5)°f] R4S a1 30°Cf|A] 20+ &%*1{1 =
30%(v/v) TCAE &% H7Iskaleh. =g Qik 2
Drueckes et al, (1995)9] HI'H-S <7 ®Hsto] =431

M= Uehfoleh, At AR By
= 7.5 mM Fructose—6—P, 7.5 mM UDP—glucose, 15 mM
MgCly7} 3E5FE 50 mM HEPES 22 (pH 7.5)°] 284
S Ha1 30°Co A 1027 ¥H&-A1X] ¥ 1 N NaOH 8-
A7Fskodeh. WS-8 HS 100°Co A 1027F &l & Fst
3l o] HEg-golof 0,25 mL2| 0.1%(w/v) Resorcinol Hi}
0.75 mL 30%(v/v)<2] HCl-S Z7}5}al 80°Col|A] 105-7F vk
A7l 520 nmof|A] =S S7gste] AAJE AR (sucrose)
9] &F& Fato] v ER YERHSITE (Kerr et al., 1984;
Rufty et al,, 1983), G A0HO] ThlZISIEFO BSAE H 3
chil A& 3to] Bradford (1976)2] HHO = st

45}
_I%

1
Ay
ol

200 (pH 7.5)2 108 H3]= 7}3to] 2E3heirt. uhs-gol
<2 10 mM KNOs, 1 mM EDTA, 0.2 mM NADH”| 9] Q)=
25 mM ¢l4Rk= (pH 7.0)0]] 0.05 mLe] Z&AMNE P11
513 30°Co|A] 2087 HRSA| AT o] HRS-Qolef 58 mM
sulfanilamide®} 0,77 mM N—(1—naphthyl)—ethylenediamine
(NEDC)E Yo 107} TAES- AlZ] & 540 nmol|A] 53

£ st uEgER tehyolt,

(

CHHEL gtgka 27|Q1At afgl, 3EA 0| ot
Aoio] Thiz] o] ZE,]'E]: Bradford (1976)2] HI{o g
= AR 0.5 g= A A
10 %(V/V) HCIO; 10 mLE Y al &3}

5

HE AR 2] (13,000 rpm, 102)3}L AFYH 0,

LT

o

2 N o, o

2

0.2 mL ammonium paramolybdate—vanadate —Q-QEJ"’—}- 0.3
a1 30°Cof| Al 308-7F HES-A]Z1 & 470 nm
= %;gs A A RRE F7)Q1Ae] o
o] WAFF T mMZ FA|5I T} (NIAST, 1989)
e AR 0.1 go] AAALE 9T v F
108 F-3]9] 80%(v/v) oMMlES ¥ AEAS drst
3L (13,000 rpm, 5), A7 UE 645 nm, 663 nmoflA 53
© 27} 2750 AAE T wOR EASIL (Amon,
1949; Lichtenthaler, 1987).
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Fig. 1. Protein content of leaves and root of melon seedlings subjected to phosphate starvation for 7days (A) and 14days (B).
Potassium phosphate was replaced with potassium chloride [l: 1 mM KH,PO; (+P); [1: 0 mM KH,PO; (-P)]. The vertical bars

represent standard enor (n=5).
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Fig. 2. Ratio of chlorophyll a to total chlorophyll of leaves of melon seedlings subjected to phosphate starvation for 7days (A) and
14days (B). Potassium phosphate was replaced with potassium chloride [ll: 1 mM KH,PO, (+P); [1: 0 mM KH,PO; (-P)]. The

vertical bars represent standard error (n=5).
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Fig. 3. Acid phosphatase activity of leaves and root of melon seedlings subjected to phosphate starvation for 7days (A) and 14days
(B). Potassium phosphate was replaced with potassium chloride [ll: 1 mM KH,PO; (+P); [J: 0 mM KH,PO;, (-P)]. The vertical

The Effects of Phosphate Starvation on the Activities of Acid and Alkaline Phosphatase, Fructose-1,6-bisphosphatase,
Sucrose-phosphate Synthase and Nitrate Reductase in Melon (Cucumis melo L.) Seedlings
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Fig. 4 Profiles of acid phosphatase in the leaves of melon seedlings subjected to phosphate starvation for 14 days. Non-denaturing
activity gels were prepared and run as detailed in methods and materials. A~D (+P): 1st, 2nd, 3rd and 4th leaves of melon
seedlings subjected to phosphate application; E~F (-P): 1st, 2nd, 3rd and 4th leaves of melon seedlings subjected to phosphate
starvation, respectively. Potassium phosphate was replaced with potassium chloride.
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Fig. 5. Alkaline phosphatase activity of melon seedlings subjected to phosphate starvation for 7days (A) and 14days (B).
Potassium phosphate was replaced with potassium chloride [Ill: 1 mM KH,PO, (+P); [1: 0 mM KH,POy (-P)]. The vertical bars

represent standard enor (n=5).
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BRo 48 FolA A5 UﬂEHfé A2E ol Fto] 2
2 HiiEe Spl2 ] FaFHRA ARSRY] Sk
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(Beck and Ziegler, 1989), A& AJAT}A oA EEF—1-2]
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AEF-6-0lA} QA= Ea| F 4 0] ZFg o & Aelo] FHo]

R o] ¥R uleiH o lojujn] Hg-6-qlik
QAT E | H A0 2Fo] g0l AL HFSS
o|7n= WFo = dofdth QFoA Qe FEAIRS A
G| A ARolA FaEA H-1,60]M4t ZHEa]
Bt AU a0 BHEE FHaAlA o] &
vl G2 vlA= Ao= AziEm, Qo] fix|of w2t

A= et EeA7|= sk

ware] QKSR AASHE WO BY|QlAk Aeig
QAR] AT Q] Sl I T Buhg AUsH 5
2 aglolck AmERL] B4k SEr} e wlol
ko] e 2715t *ﬂ:‘&é‘ o 27101k it
ufolli= Mkl ge] A tatbge 7t

3} vlge Aas woick ﬂm FRATeR HEY

571QUte] 17 oAl A ) A ] FR
o) 3he-1,60] QAT 7ol Edo) Aot A4 E )
T} s o] AYo) S Asshar gaxo] Hufjof
T g3k n)E Ao 7 FAEC} (Taiz and Zeiger, 2002),
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L SRS AO HEE A S-S ARSI
o ZRIfFE| A W Aaiuiel dvte sl A4t
shl @ 40) S Woh= Fig. 99F 2tk A2 T4A| i
M= it Tl 5T Apoll At Fdasae] 24
e 1939 2, 390lA IA| AfolE HolA| ot (Fig. 9
A), 4R FEO| Fpols Qite] B 20l At
deaae BT 193} 2, 3olA AA sk AT
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Fig. 9. Nitrate reductase activity of leaves of melon seedlings subjected to phosphate starvation for 7days (A) and 14days (B).
Potassium phosphate was replaced with potassium chloride [ll: 1 mM KH,PO, (+P); [1: 0 mM KH,POy (-P)]. The vertical bars

represent standard enor (n=5).

< H3rt (Fig. 9B).

] frHolA Qite] I AT AEAl A Ea
A= o) QA SE ] B0 Holke A2 7Y
Al FHME A2t FEE HolAe AP 14dA] #
HoMe TLe FFeR Wokes 2YE Bt tivE
Of Aol A APl AsHE WollA At A Fotst
© Aa0] Zgo] dojuA|nt BlejH k= 2ol o &
oz gheldn, 1 o= Al Fofl wket gzt

t] aatAo]7] wfEel Ao UeA
Barber, 1990). A4 Z2oA a3t a4l Helit
A} AaFsto] 8 Al it Sdass F
Alzzo] Aol F&Eshe AazAl ofe] 7HA] 22
we} o] Aehelit AR o= AT kS Hol= A
2 dHA Qlth (Huber et al., 1989; McMichael et al.,
1995). wEhA] QUF G A=Al A Aot A A of Za
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