R AR Jun. 20, 2013, 40(6): 1096-1107

Microbiology China © 2013 by Institute of Microbiology, CAS
tongbao@im.ac.cn

T 2 W E e = 1$42 0 MTOXPlate
T HRE & AL

WEZ Y REED FRE RWE" REED

(1. fEmpfall Ry BB TR M 510642)
Q. JTERBWMAEYITIT RE WO S N E SR E TR M 510070)
G. JTHRAMAEY AR AL E TR M 510070)
4. JTHRBEMNMAMAYE SRR E AR E KRR EEE AL R )M 510070)

B E: [86)] $I&ATSHRAEMN A EHEEN MTOXPlate % TR, A i 1Lik
AR, HMERER. 51, kA TEDFHENK. [FE] RALZALTFRE
P48 TR A B R IR T AR E R A I8AF, IR R A R A A TR A 6
YR, B IE AT E bkl B R AR SR A AT AL . [45 3R ] MTOXPlate #9 74 F 47 47 7
LAY 8%iEFENE. 2%F AR, 2% HEEE. 1%SRBN. AR T, 11 ARG FH
HEERG, TE 89.41%. A ENRE MR ZLE A, E4%4 T WX 64 F i
R THMNIBE . ZETHREAR BAFORSE e TIL, REEBITHH T LN E Y51
MK F &, (45481 MTOXPlate 4 TARTAE ) — A3 AL 6y A dp St XFE R, EES &
A M ARIRAE ) A

S 11 A A 4, MTOXPlate 23U, A% FIE, &M

EETH: " AKAE4TH®No. U1133005); J~ A4 7= HF 5 H(No. 2011A090100030); 7344 [ SR Fl 2 3 4 1F
¢ B BATI H (No. 9351007002000001); [ ZR/K 475 Yt il 5 16 3RHE B L 00 H (No. 2008ZX07211-007)
*BIEE: PMISE: Tel: 86-20-85280198-607; B<: heliping@scau.edu.cn
FIME P Tel: 86-20-37656331; 52: guopingsun@163.com
Yeis HER: 2012-08-15; %% HER: 2012-11-15



MIE RS BT 2R HE Y FE R MTOXPlate T H il 4 M1k 1097
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Abstract: [Objective] In order to simplify the procedure and improve the sensitivity of bio-
logical toxicity testing method, the lyophilised MTOXPlate based on 11 genetically diverse
microorganisms was prepared. [Methods] The tested microbial strains were fixed on the mi-
croplate by the vacuum freeze-drying method. Fluorescence spectrophotometry was used to
determine the effects of several cryoprotectants on the freeze dried strains with the survival
rate as the selecting index. The test condition was optimized through the sensitivity of toxicity
detection. [Results] When the protective agent contains 8% trehalose, 2% glucose, 2% man-
nitol and 1% sodium glutamate, the mean cell survival rate can reach 89.41% for 11 microbial
strains used in this study. The resurrection medium and test sample were added to each well of
the pre-prepared 96-well microplate at the same time. So that, short testing time and optimal
detection sensitivity could be obtained. This lyophilised MTOXPlate exhibits high sensitivity
and good reproducibility, which is suitable for the toxicity assessment. [Conclusion] MTOX-

Plate could be a new biological toxicity test technology, which can be applied to the field of

ecological toxicity testing.

Keywords: Eleven microorganisms, MTOXPlate, Lyophilization, Toxicity testing
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YyEE RN Hh A R AR RE, S MTOXPlate 1k
TR TE A AT TG I AT 4 T I FH 28 R S

1 MRE%

1.1 #rsl

1.1.1  EZEiXFI: LIVE/DEAD BacLight Bacterial
Viability Kit L7007 10588, 3 Invitrogen 23,
2,3,5-FAL = A BE DU A e, HRbE, HAnE,
Wi, HEEEE, AR, Ky, L BEERNIT
Mk,

112 FZEYUER: LS-55 SO/ KOttt
i, 3£ Perkin Elmer 237 Ultrospec 6300 pro €@
AT UL 6O EE I, 32 E Beckman 8 F;
Labconco E.a5 %% T 11, 35E Labconco A
Multiskan GO 4P ICHEFRL, FERR RIH/RBHL 2
Hl; GHP-9160 fHIRIEFAH, LilE—tHR A
P2\l E-51703-05 fH R4 % 35 248, £ H
Coleparmer A #]; Milli-Q M4E/K RS, EEppiE
FH 96 £l U BUE R R O LR, 26 Costar
NI

1.1.3  Ef: 1RSSR AR T R A
W RT IR BE A, TG R 1 s,

12 E&5RPFIBIHI&

5 MR AR RIRA IR 2 Fs, &Rk
PP R ZE VR K E B — e MR BE A A8 W, KA
JEHE IR 2 SRR BT HEC I B AR B PR A (34 R T
B8 HAEM 0.22 um ARFLIER S IERR
W, HAVEWAE 0.8 MPa T K 20 min.

1.3 FTHE&E

WHALIEHITRERR, 5303 1% R E 38R T LB
WIARSE SRR, BRUEERER A YPD WA 57
N AE 30 °C Wi BBk K, BOART
3000 r/min &L 10 min, £ WK, BHEREE,
BRI R TR E SRR, 0%
F 10 mL BEHA, B9 1.0 mL, F-80 °C ik
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%1 MTOXPlate i I %4

Table 1 Microbial strains used in the MTOXPlate

RS RS B RIRAA PR
Number Information Designation
1 SN B NI Comamonas testosterone N9
2 2 W Brevibacterium epidermidis AN3
3 A R ZGERTE Staphylococcus sciuri Bei2
4 THIRIA AR IR FHF I Diaphorobacter nitroreducens DR391
5 B E I BA M Brevundimonas diminuta DR395
6 LIPS Pseudomonas sp. Q2
7 NEEHH Ochrobactrum an thropic AN419
8 I RATETRFT I Citrobacter freundii J13
9 S AZ I Pantoea agglomerans 17
10 HSE IR Enterococcus casseliflavus J11
11 TR i B Saccharomyces cerevisiae Y109
Fz2 FREMRIPFIBILERN
Table 2 The composition of different cryoprotectants
3% CSarn B ZSiabilhll LRI APV S Y
Ingredient Cryoprotectant [ Cryoprotectant II ~ Cryoprotectant [[I ~ Cryoprotectant IV Cryoprotectant V
] 2% 2% = = =
Dextran
ity et = 4% 6% 8%
Trehalose
LR 7.5% 7.5% 6% 4% 2%
Glucose
TR LR 22 g
WAL 0.3 mol/L,pH7.5 - - - -
Phosphate buffer
P
HEn - 2% 2% 2% 2%
Mannitol
NS
AN 1% 1% 1% 1%

Sodium glutamate

- AHVRINYR.
Note: — : Nothing added.
W, BB HTE 12 h 5, B T-20 °C vk4E,
TFEE
1.4 MTOXPlate G FHH &

¥ ODgoo 2 1.0 TR 10 £, 3 000 r/min
B0 10 min, 2 FIEW, H RS DIETE T AR
BUWESYFIV o 16 96 FL U BI4NAEE IR,
il FH 22 T8 R A A BB I AR I 1) PR BRI, AL

AR 50 pLo LR AL 1 ik R,
1 ASERR BIRTESS 1-11 51, 45 12 51 a5
X IR B 96 FLAR B T80 °C vkAR Fh Ut i, Bl
Ja A BV R TR AL AT R T 12 h,
BRI S -55 °C, HA R 4 Pa, BUH, 0k
FHLA 14 cmx20 cm FYER4S, HE 2 %,
A —F 5 g A T4, —20 °C VKA PR AT
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#H.
1.5 EFETHEERNE

Baclight Y8, 2 55 T 20 A 5 o B M Aar T )
TOCYERAR, FHF IR A PG 5] 5 4 A
BREE A, WTRAEWCIIE T RS2,
A 2 S G o B e rE R A S B L BT
MR Y3}y SYTO® I Propidium iodide
(PD)o YRR YL o R IL[RVE T T A4 40, 4%
S AL Sy S B 58 A0 MRS ) T T, T
3 2T 485 ' 1) 40 Mk DA Sy 2 240 L R Al 4 1Y) 7B
Pl dE R YLt i, T AR B b o AT
T PR TR O, AR SRR F Baclight %
-5 6oy e 6 Y, FI M LIVE/DEAD
BacLight Bacterial Viability Kit L7007 17 &, #%
FRBRAE DL A TR T TR AR A TG R A A
1.5.1 FRAERZRAOIIE: HL 25 mL XA KR
BT 4 °C. 10 000xg &.L>» 10 min; % i, ¥
FREET 2 mL A 257K (0.85% NaCl %),
RA5T, &My, 4-3A 20 mL A= #EERK
(15 Z0HE) A 20 mL 70% RN EEGEANIE); 7E 25 °C
PR¥%HH% 1 h; 10 000xg B5.0> 10 min, 2= B3, ¥
PR BT 20 mL A #RER K, B YRR 1
W, FAFEER KL ODgro i 0.03; FRiERTZRAY
BCLbansk 3 s,

PENEGRIAIEC ] : Component A Fil Component
B #% 250 uL, 1#%), & H.

F3 trEm&RRIECEE

Table 3 Proportions of live:dead cells for standard curve

JERTE S iR IR SRR SEAR MR
Survival rate  Live-cell suspension  Dead-cell suspension

(%0) (mL) (mL)

0 0.0 3.0

10 0.3 2.7

50 1.5 1.5

90 2.7 0.3
100 3.0 0.0

http://journals.im.ac.cn/wswxtbcn

Yeft: [n] 3 mL FEARTPIIA 9 uL IR A Yt
W, rRA4%), TERE NI E 15 min,

ME: 78 470 nm BRI T, 3 490
700 nm {5 Bl 2O A SRS, 435X 510540 nm
(B GYITOEIERT 620650 nm (L1 R)HIZEG
AT, IR IS A HUE(G/R), B
a3 AT, BOPIE, filbaEmLk.
1.5.2 RTEREERMNE: K 1.3 H&00%
THEMEKE, S8 1.5.1 AR KE.OUER
2 WG, FEAAHERKIHE ODgo 2 0.03, % -
WAL, RO A BRI e, R
510-540 nm HI 620—650 nm R 7 [ T A LU A,
MR E M AT AR T IR 2, B
34T,
1.6 MTOXPlate & TR 4N

=20 °C KA FHEUH MTOXPlate 7% T4, &
T#aE TAEGEEFLINA 50 uL % 0.02% TTC fY
LB #5575, YERENEA . 55 H HEMA 50 pL
RATMBMFERER, B GIELEBKKIMA 2,
4. 8., 16, 32, 64 f5HEFEMIAE A S0 uL, A 1T
JIA 50 uL LB K553k, 1EMEI TR, fii £l
PRFRIA N 100 L, W& 1 fias . il K oy 24,
FH R 1R AL 2 B % MTOXPlate #i B
T30 °C THIRIEFARAERTFE 18 h, HERUTE
490 nm A E WOGAE . BN GPHR BE RS 2 R

|

(Jw
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centration

’w

~
o
( o
ON
( )oo
(e

LLLLLLX -
90000
s
(XX XXX
00000

3
3
(J

High con-
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E 1 MTOXPlate & 1HiX I ARFLIRIZIT
Fig.1 Microplate design of MTOXPlate toxicity assay
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S 3 HTATIRE . PR UESE 2, SR R
DA 12 5 A B AR 75 A A I 75 2 15 5
MTOXPlate BEPERIMZERLL 11 BRFEREI ECso
BIEFRIR
1.7 FIBELIES S
D5 25 R LI R 3R, R
FIHIZET (%) =
XS Ao — RS R IR A

SR Ao 100
LAV My 1A K, 2 PR A B,

SPSS 16.0 {4, HEN7 AR B -5t T vk B X R
Wl J7 A, 115 52 3 B 10 2 B0 vk
(ECso)o RS Origin 8.5 YRR, PAZE T
(One-way ANOVA) . 48 11 73 i 5L W & M, LA
P<0.05 1EN 255 WK, AR
Pearson A& R 5k 51k

2 GR5HH

2.1 RIPFIEIIL

FER VR AT B AR b, VR0 38 40
s e AT | FET B e Rl
TR IR 0 AT DL SCAE Az Py RE S VR T MR B Y
B AR, DRk B v VR TR A KO A
MR E, (o HAORRE A (44 A A AL R D
AR SR, SRR A B R G A
RO RANF Y, B — R 77138 5 A B 2 PR ARG
PUINFUE S SRR . TRk, DIBE R 7
FIHES 2 B3 F0URH B2 B SO0, R 48 790 2 56
55, DL MARA WG4 T A B, el T fd
R, M0, IV, VISR ERIE TR T DT
FEERNHENR, Ui 5 P G ORI 200 B ik
PIVRTARAPRCR, e VR TR R B 4

DL LATIEG R (%) M AL bR, DATE | SRS
JE5RE LB G/R YA bRl bRifERh 2, Mk
15 11 TR ARG R A il 407 R A OG

FH R, W 4 Pow, WNPATLIEH, frifiihs
HIAE RIS KT 0.96, HoA RIEFHIAHCHE,

BT R IAT G/R DR EE LLfE, ARPE R
HEMZ T BT AR TG R, SRR AL Y
11 BREEAR IR TAETE R, 255 L3 5,

H2 S AL 5 PP A ORI B AR 1 AR
PHERfAAE RS Horh, APV X%
I TR B B AR VR, 11 BRERTRERY T3
TR Raer, 155 89.41%., MARA K& A
R TAERHAT L5, SR1% T MTOXPlate 73
FLAR IR AR, ARV RBLH AT
PR ERL S8R Uh, B 5 H4  Eve Uk
TR R A FPER, WA A B B
PhEIVE R, B W 20 B 5 40 TN R /N A 22 52,
S AR A5 B B 8] e v B s 3] B
B, KPR m ANMAEG 5, BB R ROR
P, DAVR T A0 et e s, e (R4 50 V
5 MTOXPlate TR T-IRIFH, HBCH R 8%
Wi 2% HIENE . 2% HEREE . 1% SRV,

F4r3) T L TEAITIIRE 11 ARBE AR A A7 TE R
A WS, MSRPRIN ., VAAEREE

®4 BRAREERMIRERLZ

Table 4 The standard curves of cell survival rate of
eleven strains

7S it 2 e MR RE R

Strain  Equation of standard curve Correlation coefficient

1 1=37.658x+1.890 3 0.965 4
2 1=18.182x+3.890 2 0.999 4
3 y=15.596x+4.102 1 0.9802
4 1=25.908x+2.459 7 0.995 8
5 1=32.257x+3.239 4 0.992 5
6 1=13.203x+3.924 5 0.993 4
7 1=12.192x+1.423 3 0.963 4
8 1=14.846x+4.288 4 0.993 2
9 y=37.767x+0.673 5 0.989 7
10 1=21.241x+2.373 0 0.993 9
1 1=25.233x+4.556 0 0.987 8
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x5 ARFRPFIF 11 HREKRFERFM

Table 5 Effect of cryoprotectants on the survival rate of eleven microbial strains
17152 Survival rate (%)

o TREI 1 TR TR TR IRV
Cryoprotectant [ Cryoprotectant [l Cryoprotectant III Cryoprotectant [V Cryoprotectant V
1 58.60+2.41 63.72+0.72 95.01+1.03 60.57+1.57 94.00+1.35
2 88.99+2.87 89.25+1.65 80.52+0.36 87.26+3.77 99.58+1.43
3 97.06+1.22 60.49+2.84 81.84+0.79 79.56+2.87 90.61+3.73
4 75.68+0.34 78.68+0.33 71.2542.15 83.46+4.27 85.21+£5.72
5 76.14+1.87 67.83+1.27 58.84+1.17 68.37+£2.01 75.19+1.37
6 51.69+3.24 74.17+2.14 43.01+2.45 67.214+2.73 92.27+0.79
7 52.66+2.76 36.01+2.58 52.9442.68 63.27+1.84 90.76+4.43
8 67.91+0.82 89.16+1.44 78.18+1.25 92.24+3.02 94.11+0.71
9 83.68+1.81 62.434+2.76 76.68+4.09 91.71+4.14 84.64+1.03
10 59.71+£2.93 67.81+£3.56 80.54+3.66 85.69+0.79 88.69+3.92
11 86.78+1.05 95.67+2.04 70.88+1.57 83.21£1.35 88.49+1.56
¥){H Mean 72.63¢ 71.38¢ 71.79¢ 78.41b 89.41a

T RPAFR/NG TR ERIR R EKF(P<0.05).

Note: Different small letters in the table are significantly different at the 0.05 level.

ZE5¢, LRI A [R) b 288 mAS [ 9 B2 1)
T AL, TR AR AT LUK BE, £33
IIL IV VEISA IR, RN ER ARy
PeEAEA —E R ER . B, T AR
A, A PR IPR A oE W B R AN R B . TF
RT3 W1 M) PV B A D & R DR ) ] LAt
PRAEATF G R, HEHAR R 59 9
ORGP S TS e E Y S R T
W B CRAP DL 2O LR P71 S M 2
HRREAK I, T DL VB A0 B R L1 2
AR AN AT I, 7 8 R T AR AN A K I R A
BRBATITS N, A4 e 200 I ) A7 0 R 42, i
Bl T HRIEEACT K1, [RIGAYBEN TR b
S, AR AR TR L, s
Oy TS TR S5 R N, R 0l e il ) T e B,
NS, ARBT 18 H B> K e = 2R
F ARk, DTSR T G T, A R
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PR, HEtEEPI I R B, TE 4 FRE AR
7700 S IR WX LIS AT TR 4 AR T A 3
B2 AR 235 (P<0.01), H EE BN —Fhig i
R3], TR 5456 K7, it KE1E
FH B 75 W R PR3 i, 554k T K R 45 A R
TS T ARG i i B P, 2 e i e i 1
AT RER L SR Y R A 3G VEM, T T+
Jo o) 5 T A B IR A e AR B, BRI 0 1 &
AN,
2.2 HEEANARE XS R U B0
FE IR T 2 ) R 5 —
SO, AR AR . BRERSR RS2 R
WFFE LU TR LB KRR 3/ N E IS, 43
FEFFE 0. 1. 20 3. 4 F16 hJa, IATNLEER
HEATREEDE, AbA P REPEm Y ECso (HIN 25 57
A 2 AIAEL BRSO RIEGR, BT B
PRI TR RS, ECso A, FEMERUN BRI
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20

18

16 21 NS 2 223 x4
B S EE 6 47 KIS

| =9 &8 10 =3 11 I Mean

EC; (g/L)
w

2 (h)

480 B

440

200':12 73 N 4
BB SEBG6 77 N8

= 9 B 10 E2 11 [ Mean

150

2 (h)

&2 HEEIMNEE LSRN ECs BRI

Fig. 2 Effect of time of sample addition on ECs, value of chemical toxicity testing
: A: Phenol; B: Cadmium sulfate. A [R]/INE SFAE K78 25 555 B 3E 7K F-(P<0.05).
Note: A: Phenol; B: Cadmium sulfate. Different small letters indicate significant differences at P<0.05.

o BB R T — RN EREERY
Femr, FIH 2,3,5-F40 =R IR EAE TR
N, 0 A O S ), R S R A A A
MIAERE Y 3E B AR R RN, FrLL, 4
FETER T AR ACE RIS A, i M =
it (05 VAR D £, S SO BB, s
T AN TR, BRACT REUE ., 45R7REW,
R AREE AT 2 h B, FInaiee b,
FHT B VEA I ) R R 02 T B, 7R 52 5 it T
2h N, SSIERAE A, TR A I Y R AN
FETER EEZE o Mk, 7EORIER BUE RTHE T,
RARFEVEA I ], SRR L 5 A T B[R]
BEINA, B TR, X RE S 7R 40 ]
TS ] 178 [ s e A 0 SR A
23 FTFREATHSYHHENL

N1 %55 MTOXPlate R THO0 TCHLY A
LY PEAS I A R BEE, ¥4 MEIC (Multicentre
evaluation of in vitro cytotoxicity)?"H1 12 %Ak 2#
WO BE, K. FALEN . BIEREE . AHRREL. &
AR LK R BE R M 32 i3 M 5, L)L ECso AT
Wraetm, oA 1T EE R AR T AR B BRI i R
R 2e 5, BARSER LR 6, R, #% MTOXPlate

T G A Microtox . REIIRES . 254E
R AL . KIGAT RIS . MARA 5L
g L EE R R AT T b, S5 R ILER 7.

MFE 6 FIHIL YRR SR I AR 2
T RE . RALEN . BRREE . AEEREN . SILER
PR Y SR, BCso 20914 58.809, 1,580,

#* 6 TREIEMHT MTOXPlate MR 45 R

Table 6 The results of the MTOXPIlate toxicity test
in different condition

ECso (g/L)
fe=tl BT TR
Compound Fresh bacteria Lyophilised
suspension MTOXPlate
Ethylene glycol 58.809 52.760*
Phenol 1.580 1.007*
NaF 1.736 1.067**
Lithium sulfate 5.632 5.537
Ba(NO;), 1.808 1.553*
KCl 28.394 20.717*
Acrylamide 1.752 1.370%*
T % SR R L2 S (B35 (P<0.05); **: S R
HH HE2E 5 2.2 (P<0.01).

Note: *: A markedly compared difference with the fresh bacte-
ria suspension group (P<0.05); **: A highly markedly com-
pared difference with the fresh bacteria suspension group
(P<0.01).
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Table 7 Comparison between the MTOXPIlate test and results from other toxicity tests

Gon g o MTOXPlate
AV oo EIRR Rl KBERR -
Compound Daphnia magna Brachionus calycifloru E. coli FE /M
Mean Minimum
Ethylene glycol 167 75 ND 271 48 52.760 20.568
Phenol 0.13 0.007 1.21 2.3 1.4 1.007 0.228
NaF 9.8 0.64 0.401 11 14 1.067 0.215
Lithium sulfate 26 0.03 1.51 68 19 5.537 0.309
Ba(NO3), 29 0.21 ND ND 2.4 1.553 0.065
KCl 2.6 0.55 1.71 1.4 52 20.717 6.100
Acrylamide 0.026 1.46 0.14 3.59 ND 1.370 0.020

1 MRAR RIS R UL MTC 7R, RIGATHEEE L MIC 7R, HEiInss R LLECs R, BA0K g/L; Microtox, KIREIA
5 iR, KIGFFER ISR [ MEIC-list®”, MARA X I0%03 K |1 Gabrielson'"; ND 2R o5 %54,
Note: The results are given as ECs, values for Microtox, Daphnia, Brachionus calycifloru and MTOXPlate, as MTC values for the

MARA test, and as MIC values for E. coli. All values are given in g/L. The results for Microtox, Daphnia, Brachionus calycifloru
and E. coli were collected from the MEIC-list*®%). The results for MARA were collected from Gabrielson'”. ND: No data available.

1.736. 5.632. 1.808. 28.394 F 1.752 g/L; Mi%
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