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AR E /AR .

X KT BRRELEE; 4. AL AL

& E 5 %5 :Q946.54 XREARIAED A 3 & %S :1005-3395(2006)04-0327-06

Activity and Cytochemical Localization of Polyamine Oxidase
in Soybean Seedlings during Early Growth
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Abstract: Activity and cytochemical localization of polyamine oxidase (PAO, EC 1.4.3.4 ) were studied in the
young seedlings of Kennong 4 of Glycine max (L.) Merrill. PAO activity was undetected in the seeds until 24 h
after imbibition, and increased during seed germination. However, the activity in various organs was significantly
different in distribution between the germinating seeds (after 72 h of imbibition) and the young seedlings (after
120 h of imbibition). In the germinating seeds, PAO had the highest activity in radicles (5.17+0.91 U g'FW),
followed by embryonal axis, embryonic bud, and lowest in cotyledons (0.12+0.03 U g'FW). In the young seedlings,
PAO showed the maximum activity in hypocotyls (5.47+0.66 U g'FW), followed by juvenile root, apical bud, and
lowest in cotyledons (0.10+0.03 U g'FW). The differences of PAO activity in distribution presumably had positive
effects on seed germination as well as seedling morphogenesis. PAO localization was determined in various parts
of the young seedlings by using a cytochemical technique and transmission electron microscope. PAO was present
mainly on vacuole membrane in apical bud cells, cell wall of both cotyledons and hypocotyls as well as on its
surface. In hypocotyls, PAO closely attached to the surface of cell wall, while in root cells, it appeared in cell wall,
intercellular space, on cell membrane, and especially on vacuole membrane. The results confirmed that PAO
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widely spread in cell wall and intercellular space. Moreover, to the author’s best knowledge, PAO was found on

cell membrane and vacuole membrane for the first time.
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% & (polyamines, PAs) RAEYERE L F 7=
A R AR &S EYEE RS T RIS 5,
W WA & B (putrescine) - /7 % (cadaverine) . JF
¥5 1 (spermidine) FIXEHE (spermine) &0, —--itt
22 60 E U HERE K% Galston W 71 /N H K 5E
FREEY) PAs AN, 25 BRICHEN
SHRERIELZRSEVNERKREAEEY)
MIKFR, AK PAs BR—EFAMEYAEK ALY
Ji, (B Homh V) i A 2R Th Be FVE LI B AT AR AT
%[1410

HEBEENE, —SHRAEREMH T RN
HEAE B R EE RN 2 REARE TR,
R1ERIMAEMEAL PAs BRAR I REE — £ RS L AR
(polyamine oxidase, PAO) ¥ t 7E I By Bt F & 3
W B AR, LE R R T oK B R K FE (Oryza
sativa L.) B /N & (Lens culinaris Medic.) P\ HL &
(Vigna unguiculata L.) "FITE4E (Arachis hypogaea
L) i4Efp7rh gz PAO iE M, BIRRLA S PAO %
TN IR SR TS B R R e, &
PR 5 NOEWT T . XTH i RS BES Z A
AR B AE BT RE, EH A M S B F B 4, I
X, FEH 44N Hm: (1) #4140 PAs HALBEME, A
Tk T AR A2 P 40 PAs 7K P05 (2) fE4L PAs
FALE= 4 HO, & 5 MR # B9, (3) 3 A
7 AE R PAs fEA T FEAR RIS E A KB
HIRIEAIBR 4R, B PAs £ PAO AL T v-
B 3 T B (y-aminobutyric acid), f5 & I #t — 2
IR MR & ERLS; (4) ik PAs EALK =4
#) H,O, 1 & EEEHLAH R A4 B,

YRR EESRERBEYNMMEEFH
BEEME, i1 A BAXT % 2 2R AR AT
TR, (B EANENR TR E S,
T B4 FEF 7 i R R4 PAO BT 24§ S 7
ERREFU, X HEY B PAO A EEINREFIA L
& EAEFHERB B, 82 4 ANEIRIHER. 55k, K
TRMHF EREBENHBREANRHEREY LER
H—MEEMEFEY. XRRIUHREMH TR
MESAAE K B PAO WM 28 A, FEKE

FA S H L 2 vkt A A 4h 8 P 9 PAO BEIT T 41
MuAb# B AL, & 1784 M B B A A T i R AR K 2
PRI SRR B IR S X,

L AP

REHE  FTRAME A AFEEERN “BK 4
5”7 KG (Glycine max (L.) Merrill) , B 26T )\ —
KRERERG,

MFHEE KA T (BHA30KN3ANE
) H 1% (W/W) [ NaClO & 15 min, 218K b
BSK, B 12h REE T HMAKEBKIELK
L EAREFRATHEKR, RE 28+£1°C, 8h HH

(90 pmol m?™), CAMEMRB M LK 5 mm 1E4
i RARHE

MFMYGE ML PAO IR HEMA4E
R AU T R R AR B, 8 KSR TR (R
WA A 12 h) FIEAK S 72 h BUE 2. 7L L A0
AR, WK S 120 h BT ZE 7 i | RS RIAR S5 35840
BRI —E &, 1 g (FW) :5 LBl in A B 42
¥ (PBS,0.1 mol/L, pH7.0) , UK 44t F 7 4r WF
B, M 4 B AEL AL 38 , B8 390> (10 000xg,
20 min,4°C) , FiEWN PAO HIRE, B TIKB 4
&

PAO &R E $ . Angelini 25021 7 ¥
FHEAEB O, RN EA WA 1.2 ml PBS (0.1 mol/L,
pH7.0) ,0.2 ml AEIAE (25 mmol/L) ,0.2 ml it %
YIRS EE I (500 pg L) K 0.2 ml BEHR B (U E
FHE A 0.5 ml BEIREUED . REWTE 30°CKBF
R 5 min, O 0.2 ml J& & (Put, 10 mmol/L) /3 3
1, 3 F Beckman DU640 UV 43 56568 THELSE R &
B 470 nm A4 A FIZEAL, B 0.01 40D, min'!
R 1 AEE AL (0D .

PAO @Rk % & £ £ M Maini ZU
%, MU TPERE D REE SdHKEmES
B, TR VIR 7t AR ST BN BN 4% 08—
EEREE 24h; 2) A 01 mol/L BEERE M (pHT0)
Ve S IR, IR 20 min; 3) YLER/EHE 30-60 min

(9% B W4 & : 10 mmol/L CeCly (AL HH) 2 ml,
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10 mmol/L J& #& 2 ml,0.1 mol/L pH7.0 B§ER 2% rf ¥X
1ml, WEXEAMBE R, AESHBRENE 3mD ;
4) FABBREMH (/L) ¥E%k 2 X, 4K 15 min;
5) FH 19%%RER[E%E 3h; 6) H¥L¥EE 1 h, K 10 min;
7 RIVEREBAK, AR KL L E, Epon8l2 i
it #; 8) LKB 11800 pyramitome ¥ i, Reichert
Ultracut SB#E VI Fr; 9) BEERNE - SF BRI,
JEM1010 B 5 R MR R .

2 SR

21 XEMFHERZERKTES PAO BHEHEL

W JHe T SR A R R F LA B PAO WM, EHEF
R (RS D &4 FFHR 2] PAOTE
. R0 ER R T (RIS 72 h) YL E
(R G 120 h) BEBALH PAO WEHERH (R D7
HRMFP PAOFHERRBRES (5172
091 U g'FW) , AR 2, IR ZF IR, FHiEHE &
fik (0.1210.03 U g'FW) ; ZE¥IE 4+, PAO E
fEEA T BB (5.47+0.66 U g'FW) , BIRZ, TH
BIRZ, T B4 (0.10£0.03 U g'FW) »

®x1 XEWHRFT(RKE72h)NELDE
(%S 120 h) & PAO By iEHE
Table 1 PAO activities in germinating seeds (72 h after imbibition)
and in young seedlings (120 h after imbibition) of soybean

# R FGerminating seeds %1 Young seedlings

A PAO DA PAO

Plant parts Ug'FW) Plantparts (U g 'FW)
2 0.48+0.16 T 0.7110.25
Embryonic buds Apical buds
Frt 0.12£0.03  FH 0.10+0.03
Cotyledons Cotyledons
TR 3.424059  TFHEH 5.4740.66
Hypocotyls Hypocotyls
JERadicles 5.17:0.91  #8Roots 4.69+0.53

n=3

22 XEHESHHE PAO AL FE 6
HEWE K THESE (BKE 120 h) &5
B PAO M4 B e A1 R BH - TE TR E 40 B, Sl ie e
BHE LA AAE (ER1:1,2), 80 PAO X EE
PEWRHE b FH KT, PAO ZEE N EY
JREE K HAMMZR T (BIRR 1:3,4) ; 7 F R4,
PAO th 2 e 7 75 40 BBk K FLAMIE T (BIRR 1:5,6) ,

BATTIE BN B REE R, Byl SR BT
EHI4E R PAO 5 BE R 4 SR E,
s ZEAR AR B P, BT IE 75 48 B BE - 40 1R B 4
FRE B A, BURBE LR AHE (F
W 1:7,8) , B) PAO MR M 4%, (HAWR
B MEE.

3 i

CAEMRER, PAO TR 7 K5 B IFBEE
Y RS B BT PR A | AR KT M
B WAk KRB R KET PAO &M, HEH KL
EARNEESE, XERRENILEREY PAOTE
HHRERER -BN. XRBITEH, EFTIE
KRB (BHKSE 72 h) , PAO iEH X EHMEKR
FES, AR A BRR (R 1) . HEEEHRNH
T, KE¥IAESHE (BAKE 120 h) R PAO & #
LA, HREM, TZE PAO WHEitthigH L7, 8
FHE PAO EHZUAK, —HBRMK (R D EXE
HRHB (WAKJE 72 h) , B PAO i & &, &
ITAARXF M FFH RS ERSERER
WREX. EHRZY, BBREE LI PAO FH,
PAO AI{EH AR H0,, T H0, 2 5MMEEKR
B R, HRTHERAAN P BEEERIR
BI3EAT, Bl PAO & HE B E FH &, MR B4k in
R, AT AR F RS £

BF PAO ZEHE A S Mgl iR e ML F Bh T
WIHZEEM AT A, MEACRIRIERE, PAO
ERBERE TS M. Kaur-Sawhney ZU8HR
i, 7 FE (Avena sativa L) $1M PAO VEMEPEE 47 4
FEEEXT 40 REE WS AR T o 275 1, JHBEE 4 B T
AETRE M I E#R S . Angelini FHIFERH,
[E¥5 S (Cicer arietinum L.) [i%H PAO T EHFLETF
Z AR FEACR KB AL AR S, AR R A
ALK . Slocum F Furey™ B 5L 81 5. (Pisum
sativum L.) _EREIATR & PAO 119 1. 40 Big 43 A ip &
W, W PAO EEEAL T E 41 AR KR 2
(middle lamella)#{ 43, -5l PAO [ & ] 5 4 &
HAMBPEYIHR. EXRRRSF, RITKHAA L
TR KEMAESNHE (RKE 120 h) BT, F
R AR ST A PAO #EAT 40 Mk 2 2 A7 (BIRR
D, 7EFREHMAFH 4+, PAO EEE A
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o B Bk B JLSMI L 3rp, TR Rk 40 Mo BE SN B9 PAO
MR & %%, SN, F o ke
A0 ) PAO T 2 42 H kb 73 A7 75 40 Jia B 11 3% T B
1L AT, PAO B B AV L 748
M b, PAO 75 40 HaBE . 40 B[] B . 40 B JiE . v v K
BESHBUBBESFREL. &4, XTHED
PAO 0 b 1 43 A R0 A2 i ok L SCERRE . 56 F
MMBE | PAO M4 IRE, — e AN BRI
A FFEREN HO0, m4E, URINTER
Y85 (POD) #E4L I HaBE £ R By R R E R I
LB FARITE R, T4 PAO #4LF=4 1 H,0,
AlfEh POD KW, 25 ARREN AR, AR TH
MuBEREAL 14N 1029, FAhE ] RES 54 0 &
ARSI RAE RN TR, TR E PAO B
EHIRE N NAERE, EEENTRES K2R
YRR TREEF R, Matillag R, £H
PAO #ALZ RENMRBERATFHAMFHEE
) PAs 1E 0 F F i R 4B 4 K B ESE K
%, H:PAs & PAO EWARBHEZH v- BET R
(y-aminobutyric acid), J&# 0l 3 — b ¥ IR RE
MAER.

Frebort FPHK RN AN AR LEELR,
BB (Aspergillus niger) AKU3302 ) AO (amine
oxdase, FX EALEE) B A7 T 41 MR8 Ay I JESM B R
W, FHNEZIMEH>BREREE AO FE.
fATIHE AT BR TR EE PR TE A AO BB H, BIETER
AO-IIFETHMN, MAEHER AO-1 BEAAE
M RIEMMIERR . TR AO- 1 AT RER PAO
BRI BT, FENEARA B3 ERIERA
RKFREE. S ARMBRR, AL ENK
RELERETKE FHARBHEERE EHERETN
PAO 7#7E, {HRMNIEFRNATMH K PAO FEHE AR
K, XEBEKREFHARBMEELKXE PAO
2 —F L iE SRS HE K PAO R SRR BB FE R
We? 54, Cona FHHFR K, £K(Zea mays L)F
R F R PAO BEEFIRIEZHAMEH, -—IMK
BABEERBRTHRAFHOIRE. TR, PAOK
M AN FMEREZF THRSEEER. A
WA, XF PAO EHSAMNEERE —EEE
LB PAO B IHREM R H41E .

B#  EPAOAMRMLERMRBEMNEFAH T PEM
FRAEHHEYERE ZFENE SN, ERERBH.
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CM: 40 R CW: 20 U BE; 1S: 40 fa)Bit; V. #il; VM: HOf .
1. %R, TRZF 40 fd; Bar = 200 nm

2. TRZE40 M s A8 i) PAO 4 : Bar =200 nm

3. %t M, F -4 fusk K 40 e [A)BR : Bar = 200 nm
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5. 3FER, TR0 sk K 40 B Bar = 200 nm

6. T PRihan fu Bk K 40 Hu[RIBR (¥ PAO 4345 ; Bar =200 nm

7. %R, ARGH R X 40 M fA) BR: Bar =200 nom

S AR A MR BR . AR BOR M | PAOKI A Ai. Bar=
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Explanation of plate

Plate
CM: Cell membrane; CW: Cell wall; IS: Intercellular space;

V: Vacuole; VM: Vacuole memebrane.

1. Control, apical bud cell; Bar = 200 nm

2. Distribution of polyamine oxidase in vacuole memebrane of apical
bud cell; Bar = 200 nm

. Control, cell wall and intercellular space of cotyledon cells; Bar=
200 nm

4. Distribution of polyamine oxidase in cell wall and intercellular space

w

of cotyledon cells; Bar =200 nm

5. Control, cell wall and intercellular space of hypocotyl cells; Bar=
200 nm

6. Distribution of polyamine oxidase in cell wall and intercellular space
of hypocotyl cells; Bar = 200 nm

7. Control, cell wall and intercellular space of root cells; Bar = 200 nm

8. Distribution of polyamine oxidase in cell wall, in intercellular space,
on cell membrane and on vacuole memebrane of root cells. Bar=
500 nm
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