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FE . pH B 2 W) Ui v JBE ) TR bR I AR SR s i, O R AR Bl ) S RO AT T ol ROGH R A S A PR R
AU HRE R LR B T IR R R AT 00T . LEER Y DN 106 B8 vl 55 58 b 35 v 43 28 3] — R L 48 1 4 i
B D3, W% E H B RRT B Citrobacter sp.. Btk D3 18 pH7~8, L 30~35 °C BRI i HA B0 19 A K T
R, AT, B B WR L Ty 2 mg-L ' A FLAE 77 SR I A R 96.32%, F 511 0.563 0d, HLHARH ™4
BatEfLE A T B, FLE A SRk T 30 mg L', AR AR 4 K N 52 3 0T S ik . T A A LA G kT
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Identification and Malachite Green-Degrading Ability of Citrobacter Sp., D3
LIU Jinghua, SUN Zhenzhong, CHEN Lin
(Shanghai Fisheries Research Institute, Shanghai 200433, China)
Abstract: [ Objective] A microorganism capable of decomposing malachite green (MG) was identified and its degradation
ability studied. [ Method] Indigenous microbes in water samples from aquaculture farms were enriched and domesticated in
laboratory to screen for the species that could degrade the organic germicide, MG, a pollutant in aquaculture ponds. Strains
showing such capability by physiological and biochemical tests were examined under scanning electron microscopy and
identified by a 16S rDNA analysis. A single factor experiment was conducted to determine the effects of temperature, pH, and
initial MG concentration on the degradation kinetics of the isolated bacterium. The inoculated culture medium was monitored
continuously for the luminescent bacteria toxicity determination and sampled for the high-resolution mass spectrometry
analysis to reveal the decomposition pathway. [Result] An MG-degrading bacterium isolated from the specimens collected at
a fish pond in Shanghai was identified as D3 belonging to Citrobacter sp. It exhibited a high rate of growth and MG-
degradation on the medium at the pH ranging from 7 to 8 and temperature between 30°C and 35°C. Its degradation rate under
MG 2 mg~L71 was 96.32% and a half-life of 0.563 0 d with no significant accumulation of leucomalachite green (LMG). Once
the MG concentration exceeded 30 mg~L71, the bacterial growth and degradation effect were significantly hindered. The first-order

kinetic degradation function of D3 had a correlation coefficient of 0.916 9-0.963 5. After inoculation for 72 h, the overall toxicity
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shown on the medium was significantly decreased with more than 50% reduction on the inhibition of the luminescent bacterial

growth. Three compounds, 4-dimethylaminodiphenyl ketone (m/z=226.12), N, N-dimethylaniline (m/z=122.10), and 4-

dimethylamino-phenol (m/z=138.09), in the metabolites were the degradation intermediates. It appeared that D3 removed the

benzene rings in MG step by step to result in those degraded secondary metabolites. [ Conclusion] D3 of Citrobacter sp. might

be applied to decontaminate MG in aquaculture ponds.

Key words: Malachite green; leucomalachite green; microbial degradation

nu\:

0 7l

(W58 3 XY L4 £1%% ( Malachite green, MG )
A Tl A G300 AN 2R i A2y e G e iz e
1933 4%, R EMIALEAZEAMENLR, 25
W2 BEZ IR ALAE A s 2 IIVER BT, EZH
TR R FFFH KR IR B v ) 25 A L T AR Bl ) A £ B
PR FLAE A KA S PR ARG
{0, fL 46 A 4% (Leucomalachite green, LMG ), L% A
ZRFNTC AL A A K AR B R I ] Bk BE L, W]
7 R O . BUR AR A RO % B ALE A S
HIEEME, 25 S 2344 5 A K = IR 5E 1 25 H 259 44
R, T LAE AR IR . PIRSCR B
117 L A WF A 7= A i A2 W, TR 1 )
AR, WA A AL A sk ny g ol k. TR
TR b AR R 2 v e IR AL A SR AT SR A AE R B A
G AR A A EREE W v, FLAE A SR AE SR
JEEVR AR IR B g T, e e A A 2 B
L PG 0 FL A A Sk 2 ) 5k B © R K SR A
W, O AFR Y BaEr, ERHb
WEgEFLAE 0 G 2 i 1 J7 oK B O™ fkp
We i R AR W e U R T B AR 2% ik A T
L BIER RSN, EMBEINERA . A
ik TG Qe a s, SR, B ETR HRCE Y R
25 o8 F R TP AEMEAE . ATk . WA R+
SRR BT, AR S RTS8 43 B 5
— PR R B A Pseudomonas sp., 1% # Bk AL BRAL TR
Kb VR B AL T RO AT L Re A T
Y ER FH o B T — AR 2 Eh PR A TR, TR R
150 g-L ' 9 NaCl ¥k B HA B0 B RE e, 18 T
AR SN LA A SR R A o TR T Rl 5 5 PR 4R
AL A R B R R B BT I A B
FORBEFER D, A B FH e B R B0 25 B SR 9 /K A4
Al A s ROR B, TEAR SR A B RDE i B A .
WP T G AE A K A5 iR A AT BRI SR FE R Ve T fL S A
gak B ORBFI AR Y (R IR =, X T it
M 7758 PR h LA A kR R IR R BTN
MG Z ARV R, R 502 5 A YR g A O

P RR A 08 o T JR FR B PR 55 v b £L 78 A 4t B HA R it
Yy fL e A Sk B AR DR AR A T o S A B R R R
WFFE, ALK I A 4 0 0 3ot R o 24 0 ) I A 3k 42
ML EAEZENMER, 1 HE X SRR R
Ky R G e AR E L, [HIRI) SCsk A)
Y A 5T DA 35 58 1t 308 v 4 5 A4S — R T AL
R i LS A R TR AR, EL R i o R P AR = B B
PeALE A oW W 2, RHAEMAL . HHBRE
% 16S tDNA X R AT AR BA AL . RARIE S RRAE S
Oy T RS E ) I X G e A AT A
I8, LA A RIS R R 43 O SO B ik
P A fi 7 ) e W A i AR B AT A0 WP RS, A R 3%
TRAE 0l 55 58 P05 v [ i L 28 A Sk 1O 8 AR S B S
Femt .

1 #HHE57E

1.1 XFE5RH

£yt LC-20AD WAH (354X . AB SCIEX QTRAP®
6500 i i Bx F X . LTQ Orbitrap XL ( Thermo Fisher
Scientific ) . WiEdRZ s (IKAMS3 )., #Baikbl (£
Millipore 7 7] ). Centrifuge 5810R %! & .0» Ml (7% [H
Eppendorf /& F) ), fH il 35 2 % K (L —1H THZ-
100) . MG F /K B % 4 3 I (BHP9514 ).

NG A W e kil 4l (TEDIA ); PRS [# 4
ZEBUHE (Agilent Bond Elut ); 2 2 1 £ R %% Ak 2%
gl F E 2 5 A AR A PR A F .

LA GRS LA A%k (Malachite green,
MG). BEPEfL4E A%t (Leucomalachite green, LMG )
) 5 7% Dr.Ehrenstorfer., Tt ASE ( Malachite
green-D5, MG-D5 ) . jiftaflAerqst ( Leucomalachite
green-D6, LMG-D6) 4 H fE[E WITEGA.

R VAET (0125 mol-L ™' ): 9.635 g 2, W ki s
F1LH,0, LREApH=4,

0.2% . TRE WL . AR ERE &9 (500 pgrmL )
FIARFRAERE 2T (200 pgrmL '),

LRl RE IR . BRI A BF 3.0 g, LUKBLEREE
0.1g, MR 2.0g, Ji/K CaCl,0.01 g, BfR S —#f
15g, Z U241 0.01 g, iFuEF5KIE 1000
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X FREF: —HILEBEEME Citrobacter sp. D3 8945 B % & B % fE 41 659

mL, pH7.6~7.8, mEZKE (121 °C, 15min) )5
i1

BRI, A 100g, FHK3.0g, Eik
#150g, WAEWE1.0g, JUEFRAKI 1000 mL, pH
7.6~7.8, FEEZRKE (121 °C, 15min) J5H115.

AR : EEREFRETMAILE A4
Yy, (LA LR R N S meL s

FLAE A LR PR R IR IR R R 3L . 99% FL Al 15 77 3,
1% B IR R, WIMFLAE SR EVRE J S mgL '

LA LRER T AR 10.0g, 4Rk 3.0g,
AL 5.0 g, B 15.0 g, ZE%7K 1000 mL, 121 °C
R K 15 min, R H, BMFLEASER, R
EIRE T
12 FLEAZKRBENSS. iFik

9 T A DX R A R AR VR AR S, TG
R TEERET, MASGLEALS Smeg L B
LR RN 250 mL =, TR 30 €. Fhl
160 r-min ' BISPETE, WIMEEG SR 3d, FEEE RO
HBUEASRIG, i 10% PHEEF a3 2 —H R Hr
fif v AL BRI D, IFB L IR AL A AR
S, BOmeEEE WA 5. 10, 15, 20, 25
mgL o BURJG — WIS G R, R S~ 8 1%
J&, BC100 pL WA 7L A sk 3 AR b, 30 C 1H
IRE SR 24 h, PRIESATEVE , ELCT AR 3 KU T,
RAFLIL AT YR, G Alb S A4 R VR 4 LA
ARG FR 5L PR % 55 9% 24 h (30 °C, 160 r'min '),
3 A i RO £ 335 - R K BT 3% { (HPLC-MS/MS ) £
T 163 forp R 35 5 W P LR A R B L TR AR
HARE =Pt fLAE A BREUE O, B T e 2R AR
X FLAE A 2 ELAT (R AU R fit e ) LR i o R P B PR AL
FEALRTCW] W R B, B AR A 20% H R
T45F-80 °C VKA R TR RAT o
1.3 EMEE

A4l 20 TR 4 28 S 8 A, DT R A TR R S R
fiE TRV FRAE S5 05 T AT 000 e o R R O vk
HEAT 5 22 [ (LS, AR 40 A0 P 58 s T W %o ik
A AR AR, 38 S R T S B O 5 T Rk
D3 AL A, R o 7AW 2 F B ik 47 otk 2
FE, FEHL D3 L [H 4] DNA fE MR ETT 16S rRNA FE
38, P RIS 58319 168 rRNA LK F 51, K
PPk D3 19 16S rRNA 5 A )7 51 £ NCBI I #E 47 [A] &
P X AT
1.4 HPLC-MS/MS #MFLERZ S A

5 3% W 8 000 r'min ' #5.0> 3 min, M 100 pL %

W, R BEE] 10 mL KARH, hIA 300 pL TV EE
0.2 pgrmL ' BYRARFLAE £1 G RUR AR Bt FL 48 17 44 IR
AR, B mL BEA T PRS [BAHAEEUR:, PRS HET4
G (2mL 205, 2mL K ), BRE, WPk (2mL K.
2mL ZJi5), BIRM3mL 20 Zfakk (Vi v=1:1)
VEBE, B 1 mL YRR, SR FH AR £ 3 - H B
JOT SRS

1.5 FEMBEENTK

RiaRiR g . E S RIRE S 15 L 20 . 25,
30 . 35 140 °C, FL%E A Sk B A AR By 95 B0 0
pH 7 7.6, FEIRHG# 160 rmin ', G, 7EMIEFES
PER, 5 AR TE 48 h 5 R

WIhe pH: 15 FLAE £ S I ff VAR 8% 37 3L 1 90 46
pH 4> %4 4.0, 5.0, 6.0, 7.0, 8.0, 9.0 #110.0, {H
SETRE 30 °C, FEIRHE 160 rmin ', G, MEH
FRTE 48 h Ji5 IR %

TR UR M - 18 L 28 Ay S B A AR 1T 9 3
AL A sk BT EE 0 2. 5. 100 15, 20,
30 pgrmL ', AR AL TR K0 R, 7R
J 30 °C. pH 7.6. MG, FEPRHEH 160 rmin ' & 1F
TREFR, 0 I ORI S TR AR X FLAE A Sk Y B AR

AN ST I RE R, 3 L2 A S B i AR B
FREERIEA 1% BT IR KA BRI . LA A SR
TEIREE v 5 Ak A e bE L A sk, 6 W % AR
[ 3050 5 1 pH AT Bk FL S A SR A A S o R0 18
3IAPATES .

1.6 BB YEESHESN

R R A, R I R R W
Mo RICANTE Ryl b AT AR R — AR, 1%k
MR E A EYR, KRz amE . X
WIS R, YR [ T R & 0 B A AR ek A
KRR, Wk, RGN R G n]1E it
/NI E HE AR o AT O 4 T R AT I AG
L) 2 B 3R R A A A SR

BRI R T LA A SRR MRS IR =, T
30 °C. 160 rmin | FEEHEFE, 81T 24 h f1 7 dJFHL
BE, B 8000 rmin ' B0 10 min, I E K
JoT AR W e A MR ASGHE AT BE R S BT o R 4 TR TR R
WSS ROEHFF B, ARIRALER IR M ROk ME, TR ROk
g S 11 & B = 7N [

RL
X/%=(1 - ——)X100
vo=( RLO)

Lo, XM RL N RE TSR
TEAT R AOCIRIE 5 RLy 9 5% THRE S AR B 52 4
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FEFF BRI & TR
1.7 P& RIERIRE S

i R LA A I S v TR 7 A gk B LA A
PERUE AR R, i A, IR
MG BRI IR FE , 2 s A =y eI L AR
1 QN Sy (1B PR 1 2 ) 1 7 /SR AN
6. 12 F1 24 h JUFE, WCAR TR B X MG 19 BRI, R
FH G0 W ot Kt 2 R A 7 W AR T Y, AR
BUR ARG HEZE, (0 | mL R, a2,
¥ Fl LTQ Orbitrap XL i 53 #¥ it 115 i 17 B g 7= ) 53
BT, 188 TG VS TN A 5 R 4 R AR 5 % T A A
Xif e

2 ZRE5pH

2.1 FLERGMEME Citrobacter sp. D3I B
EREFE TR

SorE . ik, RS —REA mAERILE A
LG YIM R, 4k D3 HAEWSERRIE Sy 2
IR EBME, FFE (1), DR EIR . #
ARMREG I . IRER ML R 2 R BUK i 1
5. WA B, HER R LA
FHE, FTRARI A A . FL0E . R . 7EREARE R
b, WEREE. Mk, PERDN, 5 ETOL
W, BRAM, L&Y,

&1 D3 EHkFEERE

Fig. 1 Scanning electron microscopy of D3 strain

DI Bk D3 19 5L K Z4H DNA B #EH, LL4HTE 16S
tDNA il 5| 9 i#£17 PCR ¥4, PCR =¥ )¥ J5 7¢
GenBank I % 5%, J¥ %15 5 MG201776, %4 BLAST
VR FE X & B0, I TR AR Y 16S tDNA 575 R AT B
JE AL Fe ey, i A G TR AS R A B A AL R AR
AW ST R R N AT B RAT T ( Citrobacter sp. ) o
2.2 ERBERREEGRML
221 BAEEAKDI EMAEGR R HEERNM
A A BRI R N T, 7R E R
WL B 2 R B BT AR K S R,
I, R E RN F R SRR, BRI T
Pk D3 XF LA A1 SR BE R BOR 5200, I A28 22 fif
RO LA A A R 7 ) B P L A S B A 1) 52 )

MK 2F i, D3 RARTE 35 C X L4 A gk B
A e R, TEARIR AR 15~20 C XFLAE A 4k
P B A R IR s BRI X Bt L 28 A S 1 e v B i o8
15 30 °C Ad o WAl TR X 245400 1 e fie 2 A 52 IR IR
JE B T A Mo AR A e, IR R o e AR R R, L
R Ff R B A, 1T RE b T X TR AR A K e % il
LR SB-A I Es S A e Ry SOELE 7/ Ril] 3 S|

I, BEFE 30~35 C 1EK D3 HHEX MG #1 LMG #9 fx
I AR

90 r
75 ¢

60

[%A# % Degradation rate/%

15 20 25 30 35 40
i /¥ Temperature/°C

E2 D3EHAENEREFHN T MG M LMG HfF#ER
Fig.2 Degradation rates of MG and LMG by D3 at different
temperatures

222 ¥EF ik A4 pH AT H D3 B E 6 ¥R
PRRRAE A R 400 s pHL 19 35 55 W v 1 28 K B o it i %
mE 3 i, IWEIRTRTLLE Y, D3 BRE7E i R 1 5%
T, BEfRIRAL, [UH 15% A47, pH A 8 I3k
B B 2, X 5 fLAE 1 4k % % B Enterobacter B-
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F & f# & Citrobacter sp. D3 899 % %

TR R AF 661

20" 1 Sphingomonas paucimobilis[”] B 1E R R
pH B2 —B, Xl e i pH Bl T fL A A 4% B ik
BT o A BRUPERE 5%, B RO FLAE A 2R
Vﬁ’i%ﬁ“ﬁ PN BEHR pH BTHE, B AR A K Z 2

o SRR AR, E LR R SR AR R A 2 A
%ﬁ%, FEfi R 2000 46%. BatkEfLa s hfLaEf
LRI IRNVER 1y, R R s, D3 TR B
P fL 4 A S I A 1) fg 0l pH Y B 48 Wiz, pH X
LMG BB AR, B pH R3S, R fi
RAFHETE, 16 pH Ry 4~10EFEN, FEFRE N
FE, HERRIE 60%~T75%. %L, EHUpH A 7~81EH
D3 F#kX MG #1 LMG (1 5 i& B fi# pH .

F%fi % Degradation rate/%

3 D3 EH#EARE pH £4 T3 MG F1 LMG KRR ER
Fig.3 Degradation rates of MG and LMG by D3 at varied pH
223 BEHRET HYmIE KRBT A D3 EEKE
®ooh R AR AT BN B T R LA 1% B b
it 22 100 mL L4 7 &5 25 W) 9 4 o ok B 00l R 2.
5. 10, 15, 20, 30 pg'mL ' BIIEFW D, S RIAESE
12, 24, 48, 72, 4. 5. 9. 10 d Kz FL 72 A Sk A F%
i3,
181 4RI, D3 TR XA [R] 400 4 e 32 L 48 1 4
F1%) 3% figp 23 15y [ B ] B9 S A T 1GR3 08 B A R
(B BE G I (B A B0, 25 W) R e i RN R N, X
A B A R A ok i o AN W R B A A BT R PR b
FE RS AR, R TR A Y T R A R AR AR S

-2 pgmL™! —a—15pgmL™!
——5pgmL™" —%—20 pgrmL™!
——10 pg'mL '—e—30 pg'mL"!

100 ¢
80 |
60 |
40 |

20

[% % % Degradation rate/%

0

0h 12¥h 2ih 48h 72h 4d 5d 9d 10d
Ff 18] Time
B4 AEEKEZET D3 3 MG FEEHNS T

Fig. 4 Effects of D3 on degradation of MG with varied initial
concentrations

TR REAR . R N, BRI IR VR JE A
T,ﬁ%ﬁ%hEﬁ%%%Lﬂﬁﬁﬁo%%m%
VREE RGN, A A R 2 G e R AE G, LR AR
WA, 7ERREIREE N 30 pgml ' BISMETT, HARRE
R A N 20% 22 f7, BAR ODggo (EIAEH K, UL
o VR ) L A R TR R ) A K A e A i,

775 S5 A 2 PR
224 T&fgshh 3 ﬁﬁ K H— N 3l 12 05 R4
WL Ao AR, AR 0 3h 12 R R
ln(Q/q)=k“EDQ=Qm‘
f1, = In2/k

A, C BRI ¢ I 20 5% B FLAE A 4 o o vk

J§ (pgmL ), Co AR FL2E 41 4% 191t i 5k vk )%
(pgml '), ¢ R BRI N (d), kK NFLEA

SREMERER (d ), 4, WYL (d).,

R JH D3 BRI it AN A1) 0 7 B2 2% 1R R i AL £
&, RIS Rk 1 R . — %S 1 r i
AR H R HEATIR . SRR, AL A
2R A LA — G N B 127 7 Bk Aiag U6 i 2 A
FHOC R HLAE 0.916 9~0.963 5. AN [6] ) 4y W 2 X 254
(i A AR, BEE WA BE R4 5, 2501

#1 DIEHETRNGERE MG £ THEBHNESH

Table I Parameters on D3 degradation kinetics of varied starting MG concentrations

e et
Initial conﬂi?r)ifnl/kig'mfl) Degraftﬁ;:j] k?ljl:ll:; i];uation HRARE Fifi -2 1 Degfirj;n/%

2 Cr1.4858¢ " 0.936 0 0.563 0 9632

5 C4.1927¢ *° 0.918 1 1.089 92.49

10 C8.977 2¢ " 0.9169 3.005 8 85.80

15 C11.712 4 10 0.922'5 6.1016 72.81

20 C=21.289 9¢ "™ 0.963 5 72278 66.70

30 C=28.962 4¢ " 0.9179 242359 25.70
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R A b e B, EL R AR R R B IR ST
D3 R X MG B SR BEAS B AR R AE 85% LU |,
Fefl R . ERRRERERSNELT,
TR bR A A AR Ak, 78 30 pgrmL ' SME R, 2540
R BCRAN 25.7%, LR fige 21 5 W0 sf () 40 K B &8
2.3 HEHEBIEMEEEESH

AR R RO GA TS, WFSE D3 AKX fLAE A
LRBEfR SR A TN AT B AR R B 5 ROk
FEGE 2GR RPN 7 W) 8P . D3 BB AT MG iR
fif P ) AE 24 bR 72 X A O A TR YA R SR A 5k 2
o SRR, B AR KA B B B0 2R 5 5N

0.2% F1 0.5%, UiBA D3 Bk AE AL K B LT A2
PR R, T WG R R Ol 5 pgemL ! Y
MG X % Y40 B LA 55 B0 5, B0 3k 50%
DAL, #0m D3BEREIG , B AR T MG B i s 2R
24 h I 25 Wy ] SRR 10.9%, 72 h i 40 R 2R FE A AT
17.3%. Z5RF W, D3 W ARTE P MG R bl 7
RO T 25 R R, (H IR A TRAE 72 h 4 RO
A EA 2 21.9% (Ml 2, iR D3 TE AR 7E R i
MG 13 B8 v ™ A R S A A T L™, Rl )
X &G A AT EA I RE A

&2 D3EKKI MG MR~ IREESH
Table 2 Toxicity of MG degraded by D3 strain

FE & Sample AHX K GAE RL, ARG RL (24h)  #HIZEX (24h) /%  MHXRIGME RL (72h)  #HIEX (72h) /%
D3 100 99.7 0.2 99.4 0.5
MG 100 49.9 50.1 49.2 50.8
MG+D3 100 60.8 39.2 78.1 21.9

24 ERERTYRBERIZRE S

PR X 245 100 1) o e 2 2 A0 00 g A i AV FH , f
TR o AR AR, A A R A Y v [ B AR A AT
AE BT A A0 A oA B OB B WSO v A R A e, AR
T3 HEA 1 25 W e fads 2, 43 INAE TRVAR N 5 19 3 .
6 h. 12 h 24 h #ELHURE, A [R] B (8] B A9 K8 ik 7= )
RA G4 sk

SR FH s A B B A X A T A 1) i 7 ) i A T
Fig o Hr, oy BERRE AL B Rrek Tz 6 T AR
WA iR 72 B HL W e v ] P i 23 e K o 4 R
JeZ A FANBR, FREAT BT A AT, WA R TR MG
1Y 3 Rl TR REAR P, 430l Ry 4- R i R R Y
(m/z=226.12) . NN-ZHIEOE (m/z=122.10 ) Fi4-—
-8 (m/z=138.09 ), 5t i & Fl 4+ 45 1)
WE S s . AR MG R 3 R i 7= 0 109 o 7 45
Fa R AE 45 I D3 B RE B AR MG 19 3& 48 TR 6 TR o
MG & e 2 it B HEA SO A B — 1 Y a7 4 fL 48
A e P, ZaEPE R Y A A, R AR 4T
G ORISR NN-TH IR, PRl e 4-
G R F R 0 — 25 o i, ARAR IR =
4 WG RE R R R R

3 itk

AT SR 58 P55 TP B A B BUAT R IR AT
B, AT g a8 A e A S R v 1 LA A B2 AR
B, ELRLR A o i rp A 7 M ek L A % E B

B, HEHRAKIERE . pHYWE Yz, B&RRM
PRESE R, 76 pH i 7~10, {EJE A 25 C~40 C
ST, WXL AR B SEm W EmRICE, 1
R A 2% B e PTIA 95% LA b, JF [ Bk 6 L 8 A AR il
PR E A G ARG RS, BEr, ©
B2 bR ALAE A SR L, AR
( Brevibacillus ) . i ¥ B ( Enterobacter ). L5 /R
B (Raoultella) AR % Ml ( Pseudomonas ) 21",
LT 2R D AT [] Bt 25 B LS A S AR 7 40 1Y) T R
3B, R AT TE I JE T U T8 A T [ A T Rk 1 R
fift ) 012 53 M, ARAS TR TE S [R) 0] I vk B 2% R Y
Wefinsh 225, BF0 R BUEBRLE 2~ 10 pgmL ™ I
W BE VO L, XL AE A 2 24 1 2 AR B R A AR
Wi % AE 85% LA L, 25 B vk B4R 5 2 30 pgrmL
B, B RSB IME, AR RCR I AT, L
FEAGAEAFITIARI . REZ L 0.15~
2.00 pg'mL ', JHZGUR BE R 5, % M A 41 bk e At fiE )
AT A RS Pk BT el R BT Y AL A A sk 2 ) Bk
B o A0 3 S % B A W R S BT, A A
T X LA A G I Bt 7 ) AT A A TR o B I TR 4B
ARAT 3 BIBEAE R =, b 4- T A0 ORI
M J& MG it 3 — DR IR G54 J5 B R AR P2 ) 2
—, TS T HGE 1 2 B R R AL A S R
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