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Effects of exogenous vanadium stress on vanadium accumulation and subcellular distribution, and non—pro-

tein thiol content in maize(Zea mays L.) crops

HOU Ming, HUO Yan, ZHANG Zhi-zhuan, WEI Ming—feng

(College of Chemistry and Bioengineering , Guilin University of Technology, Guilin 541004, China)

Abstract: The purpose of the present study is to investigate vanadium (V)—tolerance and —enrichment mechanisms in maize (Zea mays L.)
crops. Maize seedlings were treated with varying concentrations of V (0, 100, 200, 300, and 500 mg-kg™) to investigate the differences in hio—
accumulation and subcellular distribution of V and the responses of non—protein thiols (NPTs) to V exposure in maize seedlings by differen-
tial centrifugation and 5,5’ —dithio bis—(2-nitrobenzoic acid) colorimetry, respectively. The findings revealed that V bioaccumulation in dif-
ferent parts of maize plants decreased in the following order: roots>leaves>stems>grains; 74.8%~95.6% of V was accumulated in the roots.
With an increase in V concentration, the bioconcentration factor increased from 0.061 to 0.306, whereas the translocation factor decreased
from 0.336 to 0.108, thereby reducing the toxicity of excessive V to the stems and leaves of maize seedlings. V was mainly accumulated in the
cell wall(F1) and soluble component(F4) of plant, both of which account for 60.76% to 75.75% of the total accumulation in the shoots, and
from 82.66% to 87.02% of the total accumulation in the roots. V at certain concentrations in soil (<300 mg+-kg™) could promote the synthesis
of NPTs and phytochelatins(PCs); plants utilize glutathione to synthesize PCs, thereby reduce the toxicity of V. Thus, the strategies employed
by maize seedlings against V toxicity involve cell wall deposition, heavy metal compartmentalization, and thiol compound synthesis.

Keywords : vanadium; maize(Zea mays L.) seedling; accumulation; subcellular distribution; non—protein thiol compound
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HEl, B ENRAESRGE G C 521k
B IZ e, UMY 2 B E 48 # E i, R A 40 i
ok A By B AR T R B 4 A R A A, okt e 4
FE W) A 2L 4 i A 40 it 28 ) 45 Y, Mwamba
SRR B, 7E H AL SR R, Cd YRR A B R AE AT
PEFB I, A L2, 7 40 A BE FRE A B 21 Cu
PP ES o Zhang 2500w Y198 SRk 25 By SR8 5 36
B, Cd .\ Pb il Cu 3= 2253413 75 5 K A0 240 Jf B DX 3k, oy
R AL B Ay, A0 A A AR D, B IR R Y
& JE SR T 2R Ay . Hou SR R B, JF
SEFVINFISEIARER V 1Y 73.4% ~78.6% 251 1) 74.9% ~
79.8% I F ) 86.6 % ~93.2 % FX 2 AE i i BE 1 1] %5
PERR Ay X RUIFEAE Y V R R RIAR R L R v, 4
AL R A o 40 2 T 4 I 1 A AN i ) 26
— T B, E B T A A U AR, X R
il BE 77 B S e T AR 4 R T 2 v . ST
YA T 4 S ) A A 6 T s A B XA 1) B
FRFNRE I 2 v oA A . AR S (NPT)
S B 1A ) 2 30 FE 4 B DA M PN A
4yo AEEAFAAY EEMAHEAEHIK(GSH) A
YIEA R (PCs) 1P 22 (Cys ) 45, JEAHY) e prE 4
JE I E By, AR S I T 45 A AR X
A BMHAR R, PCs & 2B MR IR 1 £ kY
Ji, H 32 AR PR Ih R A PCs i 3t 5 40 B P - SH 3L 41 i
NP BB AR ) 4 SR A B 1, R A A AN L
A RS A R AT A BT R, I
R BEEVE T o Aborode S5 fiff 5¢ 2 W GSH 1 PCs 1E
LR T 14 STt R 5 A R R A b A AR
2 R FELEOIESY LW NPT Al 5 7K A8 1 A Cd 2845 M
FEAC CA . T WL, A [l AE 9 76 R 8] 10 52 4 )
R AN SR 5, I S AL A R A
SRR B g1} IR e S (ST

VBN KRR A K AR LT R R . (R
JEV S AE KRR E AR E VXY A 5
PEFERI, BFSE B,V XA 4 o 2 AT U Sk B
PR IEAESR, VG Y IR A Y R s SR TN
AT . Imtiaz S IWFFE R, VB ERIN T r fy
L DR AR R W A TS L BRI T R R A

W)L DL SRR AN ZE A B AR AR AR R T Ry
V. Saco ZF"F Yang S5 W58 L BH , NE F-AE K 24
FEAE R G MR G ZE T VN, VEERR
AP AR P, BATR T 20% %555 B Hb F34Y . Bl
A VR B RGN, A0 A RE RV O SAR PRV
YR Y U A B RE 2 34, R vl Re AR A TR R 4
PAARSZ V. Tian FBFFER W, KEASEH IV
HRE 38 B 38 AR AR, (H 38 v 36 Sl e i 0 V3l
RHEMES WA VOV S RV Y 60%~
80% ), FWKAZER VEAAYREM. PEEV
FEhE b RBRV R 57 % , 8 b E P R 26.49% 1
SR VG YT T A B X g R B A
B VRITES VS a i, K2 L5 v &5
SEIIEIE 106.28 mg-kg ™!, M HBIX A7 K 7 38 5
iK565.7 mg-kg " XA AT RESE VAEVEY R RLR i
SN MR AR AMTTOCTES] V X B 2 A
KB, AR S ED R IT 0 R HIEAE Y AR 0t
V R RE AU ARG o Bl ORISR i X 2 R
PIAAEDD , PRUEE E K B D0 o 7 S XA B A0k A
e AT R & A SEA . R, AR SCRAEH R K R
FEXT G, FE LAAE K BRI 98 BRI, 38 o A 4 158
HINANIE V, F9E T @050 R 7R, VA K
FEWIA N B A= IR R V118 I 200 B0 A1 Rl B A S
FEA XV N 25 5, B 7 AR 2y T AR TV
FEAEA) R 0 A 043000, WA A (R AL, S B
H VY5 G g RIS PP 093 BT B2 LR A

1 MBR5EFE

1.1 #F#t

DUEEAREE T 22 11z DX B 3 FH A 3984 R 421
i ] A= 45 , HE  BEAL PR B R 225 XD kA
SOk ZE R L 1,

HIELRNT B LA YoRmsR, A ( EEEXT
BHAXE 27 emXx17 em%23 em) FREGE 75 (3.2 mm) J5
) 158 7 kg, 5 T 5 14585 FH N[CO(NH.)2] 0.2 g.P,0s
(KH,P04)0.2 g.K,0(K:S0,)0.1 g V£ R AL , X $& 43 Hr
i O A IE A RS

P £ K (Zea mays L) Ff 1 1E & 68 8 & £ K

F1 TEAMSELMER

Table 1 Physical and chemical properties of the soil

" A PR BH B 738 itk CEC/ 4% Total N/ £ Total P/ 28 Total K/ 24 Total V/
P Organic matter/g-kg™ cmol < kg™ g kg™ g kg™ g kg™ mg- kg™
5.51 9.05 6.98 0.91 0.76 135 95.17
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B RefER B A R A .
1.2 RIG AL IR

AR A T 5 AN AR A V 4R 3# (0,100,200
300,500 mg V-kg +4) , 43 5| LA NHVOs (AR) [E {£
MARBERMA M6 ANER , T
RAE A # 7 d, % .

PR AT 1 KA, 1 0.3% HL0,1H B¢
30 min, P4, ALK IR 6 h )5 T 30 CHEAS P25
W E R /NZE B F KB4 F0 T A8 - b Ay
HBBENLHES H B /R B O B PR K ZE 3 R, 4
FhAE N 5 PR H R AR R A R He BB OK DU
THORE . ME R R AR ES i rbaf (4538 d),
AR BEA AL BRI 4 Z FORAEAR , 73 0 2 BAE B oK &4
SEAFIR FRIRAR (2993 d) o 35— UK A1 43 JAR
FIZE N (Z) 1 ) R K B (B 0.1 mol - L'EDTA
VSRR 15 min, DLBR 2 2% WK BF A9 43 ) 8, T
AKUEE) , PR 4K PRI 2 K o BERR S A3 PR 4, —
TR G (2 23 10 BR ) FHIWR /K 4% W 4400 22 181 K 43 )i
BIRRIR A, 43 | ERR PR R0 1.000 g (AR ) B |
F=20 CUKA HRAT, TV B 40 4 A fdE &
B LT B BT E o BB R ISER I AR R 4 O AR
25 MR OGN B sk vk R B R A
(ELFEEE —URMCIR B 75 2 ZRE f ) B AHERS 100 CAH
10 min, B F 60 CHLA 3 do FHO T KEid # Y T
Jo R S K S SO AR A TR LA U v
i,

PRI I R R o B 4l KR 2R AR K
1.3 MERBEEHE
1.3.1 VA4 43 2%

B b 3 Ak 3G 1 e (oK R ) MR K
M ZE 43 0 BT R 8 A 5 B IBUR[0.25 mol - L JE
BE+50 mmol - 1! Tris—HCl%?ﬁF‘?@l(pH7.5)+l mmol + 1!
TR B (CaH10028:) 4% 1:10(g: mL) Y LB &,
TEVKIE R WA AR S S 5D 3 4T 910 B
HEAT 4 M2 53328 9% 150 43 85 < ST WAE 1500 1+ min™
TS0 20 min, YTTE A 20 L RE Ko AR B R (F)) 5 |
T WAE 2500 1+ min R 0 10 min, T 3E Sk 40 A %
(F) 3 FI&WAE 10 000 r+min™ F 2.0 30 min, JTIE N
LRI 2R (Fs) 5 15 WO AR R ] R4 4y
(Fa)o FRIRVETE4 CTi#F7,
1.3.2 EHE A FEE (NPT) (28 B H K (GSH) F i ) %
B (PCs) = I 2

TERFER A 1 g BERELH . I AP , in A T3

I 50 g- L i 3K 4R (SSA, 7% 6.3 mmol - L' DTPA,
pH<1)3 mL A/ A 9 fib , iKin S 250K . 7£4 C
11 000 r-min™ F B0 15 min, T E IR ERZES
mL, 4 CA L , 1% Keltjens 252 5,57 - —HiACBL (2l
FERHR) (DTNB) He A2l NPT 55, AEWFER i
A1 g BEFELHZ AT HY 50 g- L7 = LR (TCA)3
mL A/ WD KBS R 510K % iR T i B0
FEUHE FZVE, I E GSH & iR 45 R4 31k
TR, YR G (PCs) T i 1A -

PCs & #=NPT i1 & - GSH & &= (1)
1.3.3 V& mE

TR PR — 2 Tt (AR DR Ry R N L 28 TV 4
B AN [ . 48 B 25 53, 433 FH HNOs F1 Ho 0, (Ve V=2:1)
FEHL A TH A T BV TR L 4K 2 A A
D - W T 2 DU i V3 i (GFAAS, nov AA
400P, Analytik Jena AG) . 13025 5L 3 I H &5
97 Y4, SR A= W 20 43 3 A b UE 2 28 W) Jo 3 =2
(GBW10015, GSB-6) FIM 1 (GBW 10020, GSB-11)
HEATRE S v o A
1.4 RS

328 Z B (Translocation factor, TF) Fl & £ R %51
(Bioconcentration factor, BF )18 51 4

TF=H -3V & 5/ HV & (2)

BF=Hi¥H V & /3 v ) (3)

i F DPS %4 5 4b B 2 45 1 Microsoft Excel 2010
HATGE T 0 H7, I F Duncan 2 514 07 ¥ L4840 #r [
— PPN R A PR ] ) 25 5 2 . TR A IR RN
SR AR E I 25 CEF3{E£SD , n=3) .

2 HERE5RMH

2.1 EXEHRBEYE

W 2 FroR , BOKRAR AR B9 I R o7 A R AR ) i 1
11.7%~88.5%, 25 i 21.0%~34.2%, T 5% {5 14.6%~
29.9% , M 15 10.8%~14.1% A [F)AE K3) 1K FE R4S
LRty bR STER 3% NG T A - N T Y
b B B K, 4y P A R OKAB AR 45 2 B 2R W i 4
hn, B A ) R R . Y VIR EETE 100~
500 mg-kg ™", 5 X} HERH H A, 4 i B AR 0 AR A =R 3
B 111 8.5%~138.0% F1 27.29%~126.6%, T i 23 Y
YR 2K AT 5255 ) T B 9.9%~31.8% .5.2%~
38.4% .31.5%~60.9% F134.7%~51.4%.
22 EXFEREHRVHRE

22 345 L AT UL, AE AN [R) V vk BE JBh e T, 4 1
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BB KA 3 VA R AR R AR>S ZE | i )
Jg ARSI SZES>STFA . 2RV R BAERGE, HAREEV
SR T B W R RV SRS R
T 74.8%~95.6% , 25 MHEB V & i 2 5 SR Y 4.4%~
24.6% , TS50 VB4 1 0.19%~0.6% , 5 9] F KA Bk
HE VL R e b E Y RE A Es . BEAE VR
FEMG R AEMRA T V & 2 E T (HA
MR R KT, T 58250 500 mg- kg™ VARFH
Ji o 5 X BEAH E A, A AR RN 250 v i I S 0

Hn1 635.7% F 118.8% , LA AL (25 (I FI 555 V
SN 3 342.6% .1 681.5% .753.3% F1403.3%., [7]
— A KM LSRR RV EE VAR ARV B
HA 222 57 (P<0.05) . BLAk, 38 v ik BERCAIG
(V<100 mg- kg ™) FA B 52 52 1) 4 i 309 25 0 ol 239
M-S VS
nFAPTR, A L VR BRI, 45 4 K B
TR VB E £ RE(BF) B K B R
B(TF) 2T RS BB 1Y BF G B 2 5 T 40

R2 AEVAEMERERENESEPZIN (g, THRE)
Table 2 Dry biomass of different parts of maize(Zea mays L..) seedlings under V stress(g,DW)

V Ab FR T Seedling stage

I Maturity stage

V concentration/mg kg™ 2 Roots 251} Shoots 2 Roots 2% Stems I Leaves F5E Grains
0 0.26+0.01c 1.7420.01d 11.3420.16a 34.180.28a 29.9420.26a 29.95+0.20a

100 0.29+0.08¢ 2.2240.01c 10.22+0.24b 32.38+0.20b 20.52+0.24b 19.50+0.22h

200 0.48+0.01b 3.77+0.02b 9.10+0.23¢ 30.52+0.27¢ 18.2120.16¢ 18.3220.16¢

300 0.53+0.02b 3.86+0.01b 8.6320.15d 26.48+0.20d 15.41x0.17d 16.10+0.22d

500 0.63+0.04a 5.22+0.13a 7.730.15¢ 21.06+0.18¢ 11.70£0.22¢ 14.56+0.22¢

E R EUE BHE AR HEZE” (n=3) o R Duncan iK% , [a]— 41 RO ] - BAQRAT 1225 22 59 (P<0.05) ,DW R “ T iiit "o I,

Note: Values are means +SD (n=3). Duncan test is used. Different letters in the same column indicate significant differences (P<0.05) based on

multiple comparisons, “DW” means "dry weight". The same below.

R AREKMEAERR EMHFVEE(ng-kg' DW)

Table 3 V content in stems, leaves and roots of maize(Zea mays L.) plant in different growth periods(mg-kg" DW)

V b FE e B I Hi ] Seedling stage I Maturity stage
V concentration/mg kg™ #R Roots 2511 Shoots H Roots 2% Stems I Leaves F-52 Grains
0 3.41+0.19¢ 0.75+0.06d 5.19+0.27e 0.48+0.04d 1.23+0.09d 0.040.01d
100 9.53+0.40d 0.79+0.01d 21.91+0.34d 1.30+0.06¢ 2.10+0.05d 0.05+0.01d
200 17.44+0.31¢ 1.13+0.03¢ 46.23+0.55¢ 1.97+0.13¢ 4.37+0.16¢ 0.09+0.01c
300 28.01+0.91b 1.65+0.08b 76.40+0.50b 3.05+0.23b 5.98+0.43b 0.13+0.01b
500 59.16+0.41a 2.73+0.12a 178.65+1.02a 8.57+0.09a 10.45+0.30a 0.20+0.02a
100 Z 277 777, Zz73 r2z7] 100 ] ] ] ]
g sof S sof [
= — =
g L
= g = S
3 2 oor 3 2 6of
EH = ﬂﬂﬂ =
N = L QI=] -
Ny é 40 - é 40
£, g,
s 20 s 20
0 0
0 100 200 300 500 0 100 200 300 500
VHJE V concentration/mg - kg™ V< V concentration/mg - kg™
JEA Maturity stage L1t Seedling stage
CO# Roots O Leaves Z£ Stems N 152 Grains

I EREHRB[ERVEEMGLLH)

Figure 1 Proportion of V content in organs of mazie(Zea mays L.) crops
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B, RAMRAEERSBRPHEATEZ YV, 41
B VYR EE R 0 mg - ke, BF e [ 5% KA AL E
0.000 46, [ 4 158 VY& LI, BF e (E 58 T BT
T AEAR LR T X R BT LR VR SRR SR
FEFRA I AS[A] VO B2 D36 B R 2 25 04 TF Choovioon
FHR B F 3L TF (uaiwioon 25 558K o X F VAR HL L 1
458, 4 v B R R A AR 3 ZE B TF A TE Ghoosionn |
DA K B R MR 21 1 S ) TF A TF oo | 257 B3 /N
FXF B TFAE, B V ARBRYR 3, T K250
TSCH T W35 F . 138 VIR 100 mg - ke ]
500 mg- kg™, 5% BALAH EE , FOK 2B B A9 TF Goovionn
H FFE T 62.4% F179.2% , I B TF oo I B
53.1% F168.1% , 3 H. TF (uiwmon [EEE /N (/N F0.01)
TV N ERAMR B 7S st b mI 0L B2 V JE
B K, BRI RV I RE S 1458, T
HR B 45 V B RE 34588 , 3ol /D TV MRS [ 135 43

Wiz, 55 6e 1 B WAL
2.3 VEEXRSEPILMMES
VAE KL 04 o A 25 R gk 5 18 2 i

R4 EXRAEEKE VHEWEERBNEIERH

Table 4 Bioconcentration factor(BF) and translocation factor(TF) of V in different growth periods of maize (Zea mays L.) plant

IR o EOKAERRZE M vV 3 A E 40 i BE (F)) AT A]
AR AL 4y (Fa) L 43 5 5 B 1Y) 31.94%~64.86% FiI
10.89%~28.82% , F£ 20 2% () FIF LA ZRA AR ZH 7
(Fy) W 43 B 8 /0, A 5 14.54%~19.07% F1 9.71%~
20.17%. BlEA V PHAWREE K, FOKZEMH VIEF Y
i B RN, TR R P R BRI, R FS Y
T BN

FE AR VI 0 40 i 4 4343 L 55 1 SR BH B AN
[, TH 30 18 VO3 T 3 4 21 43 () W, L2 4
JRE (F)) B R F 22 F L B Y 82.66%~87.02%.  Fifi
EVIER BRI AR TV AEF R E AR S
ZEF AR, 24 VR EE A 100 mg - kg™ 4111 % 500 mg -
ke, Fy [ L AG) DA 28.06% 3 il £1] 54.36% , il Fa 1) EL A7)
M 57.37% %51 30.36% , ¥ Fll s 1 EL B AR R AN K, — 3%
Z A B 12.98%~17.34%
2.4 VEhiEF E kK NPT GSHF1 PCs & ERI RN

ok o AE SR S (NPT) & /6 Fb n &l 3
(A)FT7n, 0l LA Bl VR R 3 G, 28k AR op
NPT &304 b IHE N, H 250 NPT & 53

K11t Seedling stage JEI Maturity stage

V 4 i T L —— — £ —
¥ concentationmg kg FERH MiERE WEERE TORERN HaRM Feis R
BFMU(,./.‘.M Tfolmnt/nnn) BF(n.‘.‘/«m BF&gmn/w\) TF(m.»un/n.”n TF(ngH\/I\IIV‘)

0 0.040 0.222 0.061 0.000 46 0.336 0.007 6

100 0.052 0.083 0.119 0.000 26 0.158 0.002 2

200 0.061 0.065 0.162 0.000 31 0.139 0.001 8

300 0.073 0.059 0.199 0.000 34 0.120 0.001 7

500 0.101 0.046 0.306 0.000 35 0.108 0.001 1

K5 EXRDEEZMHARTAMASFHVEE(ng-keg' HRE)

Table 5 V content in the subcellular fractions in shoots and roots of maize (Zea mays L.) seedlings under V stress(mg-kg™ FW)

V Ak B e i i ff it LRI LA TR Sy
V concentration/mg-kg™! Cell wall(Fy) Nucleus(F,) Mitochondrion and chloroplast(F) Soluble fraction(F,)
251 Shoots 0 0.084+0.002¢ 0.050+0.002¢ 0.053+0.001¢ 0.076+0.003b
100 0.166+0.008¢ 0.070+0.001¢ 0.061+0.004¢ 0.101+0.009b
200 0.204+0.007¢ 0.081+0.004¢ 0.067+0.002¢ 0.114+0.021b
300 0.795+0.026b 0.243+0.017b 0.205+0.014b 0.321+0.019a
500 2.055+0.110a 0.461+0.010a 0.308+0.023a 0.345+0.016a
¥ Roots 0 0.176+0.108e 0.040+0.002d 0.045+0.004d 0.397+0.017e
100 0.662+0.021d 0.168+0.010d 0.175+0.004 5d 1.353+0.061d
200 1.913+0.033¢ 0.484+0.038¢ 0.553+0.056¢ 3.030+0.220c
300 4.601+0.045b 0.941+0.044b 0.917+0.065b 4.996+0.300b
500 13.895+0.239a 1.979+0.045a 1.928+0.173a 7.760+0.278a
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Figure 2 Percentages of subcellular fractions of V in maize ( Zea mays L.) seedlings
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