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Effect on resistance, growth and DNA of Bacillus cereus
treated by La** and Ce®*

CHAI Rui-Juan' HUANG Bin' WANG Yu-Liang®

(1. College of Biochemical Engineering, Anhui Polytechnic University, Wuhu, Anhui 241000, China)
(2. Bioscience College, Anhui Science and Technical University, Fengyang, Anhui 233100, China)

Abstract: [Objective] The physiological effect of rare earth element (REE) on microorganism

resistance, growth and its mechanism were studied in this work. [Methods] The effects of REE on

resistance and growth of Bacillus cereus were investigated through inhibition zone method and

photoelectric turbidimetry method, respectively, fourier transform infrared spectroscopy (FTIR)

and fluorescence spectroscopy were used to examine the change in structure of cell wall and
nucleic acid (DNA). [Results] Resistance of bacteria to 9% Carbolic acid, 0.135% HgCl, and
8x10° U/mL Penicillin enhanced by 40—50 mg/L La(NO;);, meanwhile, resistance to 9% Carbolic
acid, 0.135% HgCl,, 8x10°> U/mL Penicillin and 75% NaClO; enhanced by 40—50 mg/L Ce(NO;)s.
Fission of bacteria could be faster due to tremeant of REE, effect of more La(NO;); or Ce(NOs);
was better than less them. The structure changes of peptidoglycan characterized by FTIR indicated

the effect of La(NOs); and Ce(NOs); on cell wall. Therefore, modification of resistance was
considered related to it. The structure of DNA coubld be affected by REE througth fluorescence
spectroscopy. [Conclusion] The change of DNA structure was the basic cause that effect on

resistance and growth of REE.

Keywords: Bacillus cereus, Rare earth element, Resistance and growth, Cell wall, DNA
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W, Tris. $hWR, B NHToi(AR), 23R
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AL (IRPrestige-21, HARSEY); 2666
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B2 R N 5% el (8 AR i - v o3 8 S 8 g AR
T. 16S IDNA 275 %8 J5 {17
1.3 HBLEaEWNERFETEIR RIS —
I £

BCHIA A L oCR B FHEES 00 10, 20,
30, 40, 50, 100, 200, 500, 800, 1 000 mg/L
(A LB H53R 34 200 mL, 4354 AV
10°4~/mL AT EH 0.5 mL, T 30 °C. 150 r/min
PRGHEFE 24 ho WHBOHFRAF A TR B 0.1 mL THff
JAHRI R BERR e R R LB 3Rk b, Wik
BIE1 a0 By BIREA 0.135%T15K . 9% 2K . 75%
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JFE 10°4/mL AU & 0.5 mL, T30 °C.150 r/min
LR HE% 36 h, P 3 h BUF BT 450 nm
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POLIETE T, WA 260.0 nm, POARET — BEFELT. WHAMEE SR E LA A E
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220.0-500.0 nm. A7 TR IR AN T4 125 1 He® a] LU R AR (1R
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Table 1 Effect of La(NOs); and Ce(NOs); on anti-chemical substances of B. cereus
AFEY AL PRI A B 4% Antibacterial circle diameter (cm)

LB W R .
REE Concentrai AR Carbolic acid ~— KFAMREH NaClO; FHK HgCl, HEZR Penicillin
OIX’];‘ /E") ron (9%) (75%) (0.135%) (8x10° U/mL)

CK 0 1.90 0.56 2.25 1.60
La’* 10 1.83 0.61 2.28 1.35
La** 20 1.85 0.53 2.15 1.34
La** 30 1.67* 0.42 1.80 1.30
La** 40 1.65* 0.34 1.71* 1.25%
La*" 50 1.53% 0.35 1.66* 1.25%
La** 100 1.85 0.57 1.60 1.45
La’* 200 2.00 1.11 1.95 1.48
La** 500 1.99 1.27 2.52 1.91
La* 800 - - - -
La*" 1 000 - - - -
ce*’ 10 2.17 0.75 1.99 1.65
ce*’ 20 2.09 0.75 1.97 1.35
ce’* 30 1.93 0.61 1.68 1.30
ce* 40 1.72% 0.56 1.35% 1.40
ce’* 50 1.82 0.42* 1.45% 1.40%
ce*’ 100 1.90 0.58 1.61 1.45%
ce*’ 200 2.00 0.72 1.65 1.50
ce*’ 500 2.19 0.76 1.85 1.55
ce’* 800 2.13 0.75 2.06 1.69
Cce* 1 000 - - - -

H: *: 0.01<P<0.05; — WA ME A K.
Note: *: 0.01<P<0.05; —: No bacteria.
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HE, DA 4 Rl et iR ZE AT & a4 i)
VB 5 X R AR LA — 2 22 4k, La(NOs); #1
Ce(NOs); £ 40-50 mg/L B EEASHS S G e
AN, BE K (P<0.05), FHE Sk
Fs = 70 2 A B2 1 5 PR 2 SRR B X Ak 24 4
e, (H LT R RS AF(1 000 mg/L) X
SR AN B I F A

®2 BITEMERIFETEAE

2.2 LT E XK OF AT 4 Al BE 2 N Y
AR X i)

MR SCHR[ 1010 25 WE A T, 3 427.51 cm!
& AR 5 1 N-H (45 4R 3, 1 654.92 em™' )&
et C=0 fhZatiRsh, FRIEHE 1 04, 107435 cm™
J& T B C-O ez, HHEAKIHJE K i % 0
22, IRELE 1 A 2,

AR RO & SR

Table 2 Significant IR absorption frequencies (cm™") and T (%) of Bacillus cereus by La*" and Ce’*

B ez WeBOR% % Absorption frequencies (cm ') and T (%)
REE Concentration = - =
(mg/L) V- (em ) T (%) Ve=o (cm ) T (%) Ve—o (em ) T (%)
CK 0 3427.51 20.61 1 654.92 19.73 1 068.56 26.98
La>* 200 3427.51 13.54 1 654.92 17.34 1 064.71 22.41
La** 500 3421.72 2.17 1 652.99 4.34 1 056.99 7.81
La** 700 3421.72 2.60 1 652.99 2.57 1 060.85 2.40
ce*t 200 3437.15 25.28 1 643.35 29.14 1070.49 33.94
ce** 500 3 425.58 16.30 1647.21 16.80 1 060.85 19.96
ce** 700 3427.51 21.67 1 635.64 26.98 1070.49 29.66
i 45 1
35t
401
30 +
351 3
25+ = 4
—_ N
X <301
= 20 + &~
15| 25t m
10 + 20+ Ty,
V \/
St 151
0 : : : : : : : : 1 0 1 000 2 000 3000 4000
0 1 000 2 000 3000 4 000

Wavenumber (cm™)

1 AHERSEX ER SR AT B A AR B MO R LD S B E

Fig. 1 FTIR spectra of cell wall from B. cereus by
Lﬁ(NO3)3
TE: 1o X ARZWRIRZF FUAT B 20 I BE LT AP ATTE 20 La(NOs)3

200 mg/L ZbFRFSERREF AU AN BELLAMETTE; 3: La(NO;);
500 mg/L AbFHE WK ZFFIAT T AN BEL LA KIS, 4: La(NO3)s
700 mg/L A P AR 25 ST TR A0 L RE LT AP

Note: 1: FTIR spectra of cell wall from B. cereus; 2: FTIR
spectra of cell wall from B. cereus by La(NO;); 200 mg/L; 3:

FTIR spectra of cell wall from B. cereus by La(NO;); 500 mg/L;
4: FTIR spectra of cell wall from B. cereus by La(NOs); 700 mg/L.
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Fig. 2 FTIR spectra of cell wall from B. cereus by
Ce(NO»);

HE: 1: Ce(NOs); 200 mg/L Ab B 5 bR 25 A 12 40 i B 21 o1
i 2: Ce(NOy); 700 me/L AbHIJ BEIR ST A LT
Sb P s 3 A LR R 6200 B 4T S i 4
Ce(NO3); 500 mg/L 4E 5 BERIRZF LT T A0 U BE LT AT ] 1%
Note: 1: FTIR spectra of cell wall from B. cereus by Ce(NOs);
200 mg/L; 2: FTIR spectra of cell wall from B. cereus by

Ce(NO3); 700 mg/L; 3: FTIR spectra of cell wall of B. cereus; 4:
FTIR spectra of cell wall from B. cereus by Ce(NO;); 500 mg/L.
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Fig.3 Growth curve of B. cereus by La(NOs);

1 1: La(NO;3); 200 mg/L AbH 5 BER ZEFAT I A K iR 2K 2:
La(NO;); 100 mg/L Ab¥E BRIRZFAAFF AR K I ZR; 3: XA
IR ZF AT R A Kt 2.

Note: 1: LB+ La(NOs); 200 mg/L; 2: LB+La(NOs); 100 mg/L;
3:LB.
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Fig. 4 Growth curve of B. cereus by Ce(NO;);

TE: 1: Ce (NOs); 200 mg/L AbFH i SR 2 HUAF 126 1 22 2:
Ce(NO3); 100 mg/L AR5 BERZFAIFF R AR 2K 30 XSHR
IR AT A Kt 2.

Note: 1: LB+Ce(NO;); 200 mg/L; 2: LB+Ce(NOs); 100 mg/L;
3:LB.
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Fig. 5 Effects on La(NOs); and Ce(NO;); on the fluorescence spectra of DNA from B. cereus
TF: 1: 200 mg/L Ce(NOs); AbHF MR ZFAAT I DNA Z56061E; 2: 200 mg/L La(NO,); Zb 5 AR ZF fIFF 1 DNA 206G, 3:

XHRALHPR 5T DNA SO

Note: 1: DNA from B. cereus treated by 200 mg/L Ce(NOs);; 2: DNA from B. cereus treated by 200 mg/L La(NOj3)3; 3: CK.
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