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Effect of exopolysaccharide from Enterococcus faecium on rice seed germination and seedling growth under

cadmium stress

LUO Sheng'?, ZHAO Ze—wen'?, REN Xin-yu"?, WEI Hong-yu'?, MA YA-jing’, PAN Qi-tao’, LI Rong—tong’, GONG Guo-sheng’,
CHENG Xin"*

(1. Institute of Applied Microbiology, Jiangxi Agricultural University, Nanchang 330045, China; 2. College of Bioscience and
Bioengineering, Jiangxi Agricultural University, Nanchang 330045, China; 3.College of Chemical Life and Materials, East China University
of Technology, Nanchang 330013, China; 4.Jiangxi Wuyuan Kenong Industry Co., Ltd, Lichuan 344600, China)

Abstract: The effect of Enterococcus faecium exopolysaccharide (EPS) on rice seed germination and seedling growth under Cd stress was
investigated. Different concentrations of EPS(500 mg+L™" and 1 000 mg- L") were added to the culture medium that contained Cd (20 mg-
L7 and 40 mg-L™") to investigate the metabolic changes of rice seed germination and seedling growth. The results showed that Cd stress
significantly inhibited the germination efficiency of rice seeds and decreased the development of various organs of the seedlings, whereas
the addition of different concentrations of EPS (500 mg + L' and 1 000 mg - L") significantly improved the germination potential,

germination rate, and root development of rice seeds under Cd stress; however, the germination of rice buds was significantly inhibited after
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germination. This inhibition was not observed during the growth stage of the rice seedlings. Under Cd stress, the content of flavonoids and

anthocyanins in the rice seedlings treated with EPS increased 18.6%~208.7% and the activity of superoxide dismutase and peroxidase also

increased, whereas the malondialdehyde content decreased significantly. Results from the fourier transform infrared test showed that the

contents of carbohydrates, proteins, lipids, and carboxylates in rice leaves were increased with the addition of EPS under Cd stress, which

might decrease the toxic effect of Cd in rice by enhancing the osmotic effect in leaves. The results of this study indicate that the EPS of E.

Jaecium can significantly mitigate the toxic effects of Cd stress on rice seed sprouting and seedling growth.

Keywords : exopolysaccharides; cadmium stress; rice
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Table 1 Effects of different concentrations of exopolysaccharides from Enterococcus faecalis on germination rate , germination potential , oot

length and bud length of rice seeds under cadmium stress

Qb P Treatments

ot g 1 % g K
Cd e ZMIE (}crminat/)i((): pf:cntml/% (;crmiﬁ;t/jioim/% Root Tij[;h/cm Bud lin{;h/cm
Cd concentration/(mg+ L") EPS concentration/(mg-1.™")
0 0 95.56+3.85a 97.78+1.92a 7.08+1.71b 6.06+1.21a
500 88.89+1.92ab 91.11+1.92ab 8.71+2.06a 1.3020.33¢
1000 92.22:+8.39ab 94.44+9.62ab 8.842.11a 1.1620.19¢
20 0 76.67+6.67c 83.33+10.00bc 3.44:0.86d 5.25+0.48b
500 93.335.77a 92.22+7.70ab 3.91+0.84d 2.02+0.56d
1000 91.11:£5.09ab 92.22+1.92ab 5.49+1.55¢ 1.1520.19¢
40 0 57.78+1.92d 70.00+15.28¢ 1.83£0.71e 4.24+0.37¢
500 72.22+8.39¢ 83.33+6.67he 1.90£0.73¢ 2.44+0.46d
1000 82.22:+8.39hc 91.11x6.94ab 2.98+0.74de 0.99:0.19¢

T 7] — 3B 5 AN [ R R R AL B 22 57 135 (P<0.05) o R 1],

Note : Different letters after the number in the same column indicate that there is significant difference between treatments (P<0.05).The same below.

cdo  EPSO  EPS500 EPSI 000

Cd 40

| RIFEKE SN 2 HEXT Cd BB T KB FE Z RS0
Figure 1 Effect of exopolysaccharides from Enterococcus faecalis

on rice seed germination under cadmium stress
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3R 2 A, Cd M AAAE B 2 3 1 KA IR N Z /D
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Different letters indicate that there is significant difference between
treatments (P<0.05). The same below
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Figure 2 Effect of exopolysaccharides from Enterococcus faecalis
on the content of soluble protein and sugar

in rice seeds under cadmium stress

Wi 5, K Fl - POD g 1 43 51 42 &5 T 42.29% F
124.87%, T ££ 40 mg- L'Cd 38T , POD it} 15 43 1) $2
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Table 2 Effects of exopolysaccharides from Enterococcus faecalis on antioxidant enzyme activity and MDA content of
rice seeds under cadmium stress
Kb Treatments
- - 1 ALY ALY A 1 AL il N
CAWeE ZHRE POD/(U-g") SOD/(U-g™) CAT/(U-g™) MDA/( pmol - L'FW)
Cd concentration/(mg-L™")  EPS concentration/(mg-L™")
0 0 107.33+10.07d 1497.84+211.55a 15.36+1.00a 61.25+7.80ab
500 328.00+43.31a 1 333.33+£187.90a 11.79+2.35b 60.94+8.58ab
1 000 335.33+£77.00a 1 316.02+328.89a 7.36+1.56¢ 72.70+£9.11a
20 0 134.00+£9.17¢d 1264.07+184.28a 15.91£3.09a 26.88+10.65¢
500 190.67+11.37b 1 480.52+77.92a 11.40+1.32b 34.30+13.68¢
1 000 301.33+2.31a 1 238.10+£143.05a 4.76+0.67¢ 73.95+14.87a
40 0 96.00+5.29d 1 220.78+196.10a 11.50+2.18b 47.40+9.40bc
500 174.00+12.17he 831.17+187.30b 7.57+1.29¢ 72.43+24.83a
1 000 222.67+26.41b 1 497.84+83.49a 6.16+0.71c 44.61+10.84bc

1 81.25% F1131.95% [RIH, 76 Cd rid Z5 44 F U
T A Z2 KA T /KRS CAT BTG L 42 55 T /K RS Fh 1
MDA 555, (EXF SOD B M G B 252
2.2 RS HEXT CdBhiE /KB4 d A KA Em
2.2.1 XPKFELHTEASTE PRI

AN TRV FE Cd iR a 2514, U8 i A0 220 ) 7K
TE BRI N2 3 i . Cd W id BB 9] 7K
FEL T 0 A TS I A Z2 08 o] $2 55 Cd i R K

TR bk & R K MK RAER E5 15 d
B, A T AH N X BR 2, 7E 20 mg - L7'Cd kB T~ , 38
500 mg- L™ it 40 22 3 &b T 25 7K 8 40 8 pk v A K 43
S HEE T 7.42% F16.26%, i 1E 40 mg- L'Cd rifi i),
PR E A3 3R B T 15.08% F112.33%., 24/KREE
K5 25 dif, g2 T ALY 2
2.2.2 XPKFELE Cd E

JI6L A1 Z2 AR 1 S IR K R 4 s % Hb T R 4 Cd

®3 REBBERINS HEXT Cd BB TKTES B RSB RI#Mm

Table 3 Effect of exopolysaccharides from Enterococcus faecalis on the morphological indexes of rice seedlings under cadmium stress

QLT Treatment - i K
Tﬁiﬂn‘ql?/d Cd conceri(rl;iﬁi%o%(mg'ﬁl) EPS conciﬁﬁ%( mg-L™") Plant helght/om Leat length/em Root length/em
15 0 0 21.46+0.93a 18.88+1.15a 15.72+1.32a
500 23.36x1.21a 19.68+1.65a 14.13+0.75ab
1 000 21.72+2.10a 19.38+1.75a 13.26+0.88bc
20 0 16.98+2.14bc 12.46x1.15¢ 12.14+1.30cd
500 18.24+1.29b 13.24+1.76¢ 11.88+0.53cd
1 000 16.42+1.58bc 12.82+1.22¢ 11.36+0.47d
40 0 15.38+1.38¢ 13.46+1.47he 11.14+1.85d
500 17.70+1.70b 15.12+1.68b 13.22+1.89bc
1 000 15.60+1.06¢ 12.52+0.52¢ 10.90+0.90d
25 0 0 36.44+1.42a 27.40+0.87a 17.94+0.76a
500 35.26+2.62a 26.28+2.52a 17.48+0.98a
1 000 35.46+1.18a 25.52+2.38a 14.32+0.80bc
20 0 21.20+3.16b 17.12+2.40b 14.90+1.47h
500 20.72+2.09b 16.60+3.24b 12.38+1.29de
1 000 20.30+0.98b 14.50+1.56bc 12.72+0.70cde
40 0 16.66+2.84cd 13.06+2.28¢ 11.74+2.74e
500 19.06+0.77be 16.58+0.93b 13.74+0.76bed
1 000 16.34+1.29d 12.20+1.12¢ 12.18+1.65de
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TR BN BRI . B 3 RTAL, Cd FE N B
P TOKRE L RPN Cd B 1, TS O n i A1
Z WAL, M Z B U AL E T KRR Cd 35 1Y)
Thim BB EBEAL T KRN CA W& . RV N S50
mg - L7 LA Z2 WE I K REAR S 4 Cd 75 2 A 0 B 42
T 5.32%, KRG F Cd S AR T 14%.
2.2.3 XKAELE AL TE & MDA 5 5 (152

Cd PFETE R 4] 7K A4 CAT 5 POD R I%
P, LR S T /KRN MDA ()35 5 1 70 i oh 22
XF Cd e N K FE 4l i B A B 9 16 A — 2 R A i
VERT KR AR K 255 25 d N 53 8 R AR T /K R 40 i
MDA % fg . MEI4TFTIE YK BEERK ES 15d
B, B S0 Z2 W% K A8 41 POD 55 SOD (96 J1 A7 46—
AR HEAER, 500 mg- L' Mt S Z AL FLAH , 7F 20 mg -
L'Cd A F KR4 B POD 1% J1AH L T % B4 38 v
T 71.43%,7E 40 mg- L'Cd }}38 T SOD 1% 1A b F %
RELH AR W T 31.20%, (E I 40 2 05 B B30 6 1T /K F6 %)
Wi CAT /915 77, B4 T /KRR ) MDA (15 i, 24
IKAEAE K 225 d i), i AR Z 0 XK AF 4h R P9 POD |
SOD 5 CAT A — & i s VE T, (B AEAS [ B Cd a6
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Figure 3 Effect of exopolysaccharides from Enterococcus faecalis on cadmium content in rice seedlings under cadmium stress
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Figure 4 Effect of exopolysaccharides from Enterococcus faecalis on the activities of antioxidant enzymes and malondialdehyde contents in

rice seedlings under cadmium stress
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Table 4 Effect of exopolysaccharides from Enterococcus faecalis on the morphological index of rice seedlings under cadmium stress
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Figure 5 Effects of exopolysaccharides from Enterococcus faecalis on the contents of flavonoids and anthocyanins

in rice seedlings under cadmium stress
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Figure 6 Infrared absorption spectrum of rice seedling leaves under Cd stress with exopolysaccharides from Enterococcus faecalis
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