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Physiological Response of Brassica chinensis L. Seeds in Germination to Cadmium Toxicity by FTIR -ATR
Spectroscopy
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Abstract: A technique based on fourier transform infrared attenuated total reflection( FTIR-ATR )spectrometry was used to study the physio—
logical changes in chemical composition of Brassica chinensis L. seeds under a wide range of cadmium(Cd) treatments. The results showed that,
after 3 d of Cd stress, the absorption bands corresponding to carbohydrates, ester, proteins and protein secondary structure varied differently.
The absorption peaks at 1 632 cm™ and 1 030 cm™ which were significantly higher than that of control group (P<0.05), suggesting the pro—
teins and carbohydrates content increased.The shift of the band wavenumber from 1 632 cm™ to 1 626 cm™ after Cd stress indicats that the
plant was able to maintain a higher ordered form of protein under the stress. These were the important reason against the harm of Cd in the
process of Brassica chinensis L. seeds germination.The band of 1 710 cm™, which related with organic acid, doesn’t appeared in the FTIR of
radicle ,indicated that the chelation of organic acids in exudation wasn't the detoxificaton mechanism in the plant radicle. The band height of
carbohydrate of radicle increased with the increases of Cd concentration, while decreased in seedling, indicated that carbohydrate could be
transported from seedling to radicle and mitigate the toxic effect of Cd. Furthermore, the height of peaks in the spectra of radicle has a corre—
lation with the radicle length, Superoxide Dismutase (SOD) activity, Malondialdehyde (MDA ) concent. As a results, FTIR—ATR technique
could be accepted as rapid and simple way to study the physiologcal mechanism of plant for adapting the stress of Cd.
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Table 1 The band height of FTIR absorption spectral of

Brassica chinensis L.

TR B . Cd b #HR B /mg - L
N — 0.1 05 1.0 5.0

iR 3289 0.0250 0.0394 0.0383 0.0296 0.0293
2921 0.0232 0.0305 00292 0.0235 0.0230
1627 00290 00465 0.0439 0.0349 0.0332
1525 00201 00320 0.0300 0.0224 0.0233
1027 0.0708 0.1022 0.0984 0.0805 0.0795
hEE 3294 0.0457 0.0400 0.0396 0.0346 0.0466
2922 01080 0.1070 0.1110 0.0934 0.090 7
1742 00733 00750 0.0746 0.0653 0.0586
1710 00330 00360 0.0357 0.0441 0.0400
1649 00949 00856 0.0747 0.0839 0.0968
1542 0.0675 0.0612 00527 0.0588 0.0704
1054 01420 0.1280 0.1220 0.1280 0.1410
1099 01180 0.1060 0.1020 0.1090 0.1150
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Figure 1 FTIR spectral of Brassica chinensis L. radicle
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Figure 2 FTIR spectral of Brassica chinensis L. seedling
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Table 2 The physiological index of Brassica chinensis L. seed germination with different Cd concentration

Cd AbFRYEPE /mg - L 0.0 0.1 0.5 1.0 5.0
K% 72.13+3.88ab 76.75+5.12a 66.75£1.71bc 63.38+0.48¢c 57.75£1.71d
#hZEK /em 6.13+0.69¢ 7.62+1.80a 7.38+3.11a 6.15+1.57¢ 5.94£1.33¢
AR /em 20.88+3.48ab 23.69+5.61a 19.47+6.57b 19.37+4.51b 15.53+5.19¢
ZERIMEI/% 0 -24.69 -20.39 -0.33 3.10
IR EIPHIZR /% 0 -13.46 6.75 7.23 25.62
SOD &M (4h%E)/U-g b 122.0+£4.9d 177.6+13.3¢ 167.8+10.5¢ 241.3«11.1a 221.8+17.9b
MDA & & (41 )/pmol - g™ 10.57£1.32¢ 8.45+0.96d 11.68:0.50bc 12.25+0.49b 14.61+0.99a
SOD 7EH: (4R )/U-g b 249.5+17.6¢ 357.8+23.9a 337.8+13.5a 272.5£6.8bc 282.0£27.4bc
MDA & & (414 )/pumol - g™ 15.93+1.51a 10.24+1.32b 11.63+1.41b 17.60+2.45a 16.96+2.10a
R R TR S TR R FOR 2578 .3 (P<0.05) , Duncan ¥,
il S MDA & BOK 1] SOD WEHEMAT T,
=A

2.2.2 /NEZE FTIR 35 A AReAE R i £y 5 J3E -5 A Bl
PRIE] BRI AE SR A
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REFEMPZMMHRLR LK 3. ARIFH,
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IR RN RER RN RE, FIIEF
FTIR % 2% W e 56 B2 5 A R A 2 18] A9 R SR Akt
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/NEEM TR RERT  GR P A B SR
TR R B BHR AR (B R GE i) A B A 1L
IO T EAE 52 BT AR, TS5 40 28 (R 20 1)
FRTIC AP R S B R R A Y], X AT RE R AR A B
M T AR Cd JBENRE. EHSERKE, T
ARYLDIZF Ao TR Asae FIAHR R RN -0.928%,
FEUCUE I 4128 P B K AL & 0 AT RE R Ak AR LA
W/ Cd FEEREZALEY.

AR A FTIR-ATR IS T /) 2R 85 R
Xt Cd S A BRI R , 15 H LUF 4518

(DFEHR FEEARH) Cd B T (5.0 mg-L™), /A
SN ZF SN RS B B B oK AL A AU
B AR AR, DA RARFFEE B R AR,
/NESEFP T A R R Cd REE R E RN,

(2)/NEFERTLEBE A BB, O T R mARER Cd
AR 521 , R4 2 ( 28T A oK e & s i
BRI, AL N E AR

(3) 4R FTIR & 4% 32 2R i ie o B2 SRS |
SOD {1 & MDA 5 & =i A= B A L 45 b 22 18] B3
R,

ABFERM, FTIR-ATR 5 Pl #54 Fot ik B
AT LLFR T AR A FE S RS AL, K I B
SR B E AR R TR, B AARE R
(KRN 1~2 min) FEAER D L0405 B

3 B3GR FTIR & EYIESE E 5 40#R1€ .SOD EgiEtEfn MDA & 22 HEHEX M
Table 3 The correlation with FTIR's band height, radicle length, SOD activity and MDA concent of Brassica chinensis L. radicle

SARER A iK/em  SOD #EM/MU-gt-h? MDA &&/pmol - g Ay Ayon Alen Al s Aoy
i {/em 1.000
SOD & H:/U-g?-h™ 0.943" 1.000
MDA & &/pmol - g -0.978" -0.914* 1.000
Asmy 0.939" 0.991" -0.887" 1.000
Aron 0.998" 0.963" -0.977" 0.956" 1.000
Ajgs 0.947" 0.988™ -0.888" 0.996™ 0.964™ 1.000
Al 0.948" 0.992" -0.895* 0.999™ 0.963* 0.999* 1.000
Ao 0.945* 0.993" -0.893" 0.999™ 0.961* 0.998" 0.999™ 1.000

H * 7E 0.05 AKSE_EBUIAESE, ** 7E 0.01 ZKF LXUUAHZE,
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