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Bioassessment and Comparison of Toxicity of Arsenics based on the
Results of Various Bioassays
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Abstract : The acute toxicity of arsenic compounds was assessed and compared using following four bioassays; bioluminescence
activity of the recombinant strain RB1436, germination of four different seeds, a-glucosidase activity produced by Bacillus lichemi-
formis, acute genetic revertant mutation using mutant strain Salmonella typhimurium. Different sensitivities were observed among
tested bioassays, but generally the toxicity by arsenite was greater than that of arsenate. Among tested four seeds, sensitivities of
Lactucus and Raphanus were greater than others, and these two seed types were appeared as proper type for bioassay. High rever-
tant mutation ratio (5.1) was observed with 1 mg/L arsenite, indicating high mutagenicity. The sensitivity of a-glucosidase activity
on arsenic compounds was much lower than other methods. The evaluation of interactive toxic effects using various bioassays may
comprise a useful tool for the bioassessment of environmental pollutants.
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Sformis 2] a-glucosidase T A &4, Salmonella typhimurium©]-4-3 Ames test)2 ©|-8-3}o] H|A SIHEQ E4S HUstTh A
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o A Y 2 AE FTHAIZIAL oERt 292 AR A As(II)7} As(V)ET} EAJo] &1, §7]H]40 Ao

of Aztet EA EAE FHsh B S5E oA v ART E40] e Aoz A uk? As(l)e] =
As, Cd, Cu, Cr, Co, Hg, Pb, Se, Zn 5 & &, t7], B & L AL gAE xS ATFEHEZ(e.g., glutathione, lipoic
74 Y theFst ol WAIE FalA iAo SH = o & acid)®] -SH I123}o] Astzo] 7]Qlst= Aoz A
AH oz QI7re HlES 7] Al AP s ATh” As(II)S As(V)ETE o] 5A0] &1, 2 dF A8l4
a4 ULk ol2Ft FFE 2YYE FolA B3 HlA oA HAZ AATF] QoA = As(I)e As(V)ETH 2
£ A L e mle fEE F4oz dEA glon, ago] wik?
B2 5402 QA AARAZIFHWHO) M= 8 o Eoolt A5k AEAe 54 EAE] uAE
AA S HlagE ATLAE 10 ppb2 HIHILY St o9 Ax @ JFS s AL cdow A% g4,
50 ppbE 7]=o] AatIA Stk g W AtE] 25 AEA 59 2 A5 e D47 Aok AEAAEY
Fo| A o] v 9| VEEEE Astal e Ao, 2 (bioassay)> © 1 lo] AEl Ao nx= 9|4 AAY
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A, FolETE A Eo|8A(bioavailability)S &3]3ttt &
4e AT 2dgol gg FAEANeRs H2 9 0
Mz 52, 4E, o7, 25, vezlol 5 ket AEAe}
oIt SAFUHMI ok 9l A, AARE, Ak, 9
o A3, ol s, T&E, A, A Wol, aa B4 5)
of Z73to] e 9] AR AEE Friwt? 8 F
AEANE ol8sto] Lol tiEt fla H=E =AM
o] 8% ZAMS BEFol uet dibzor e o of
gk RIzhEsE Aolgt 4= ks Aolch'” whebA wrluy
of o7t FriEts tefet W AT 2 d9d 54 3
7F Aol Zast, el weh Aol wiztzo] ¢
e AEY A9 T 29Y &2 e A =
e gl o H4s gus Ags & Aol

2 AFolA = H& FgEe F4e 457 Aol =
4 ol&sto] ARSI ARERE WS (1) A A
23 ¥d w91 RB14369] W3 24, (2) Aoljt 4%+

(genera)®] WSt wrol, (3) Bacillus licheniformiso] 23 A3
3% a-glucosidase®] &4 4, (4) @7 42 =4
Al Salmonella typhimurium¥ o] 5 FAA E7 =<
HolfA ol ZATE Ames testo]d, FURE BlA 3gHE
il Aoldh A= HAWl o3t S SRR ¥
Fhskast sk

21 MUY MSHYY

EAUAL I F S AAste A% x4

E. coli RB14363 Ag30] =42 W7lstglc}. RB14362S
]

pUCD615 Z2t=u|= Yj9] d7] A7 (deletion)o]] 23 lux-
geneo| FE3] H3E 4~ QEE constitutive promoter”}
lux-gene°l| LHBHA XI5 EF=0]t}. 20% glycerol &1
o2 70T Z*23(model DF9007, Ilshin Lab Tech. Co.)
o Bt 55 Luria-Bertani (LB) H X|(tryptone 10 g, yeast
extract 5 g, NaCl 5 g, agar 15 g, 2 N NaOH 0.5 mL per
1 L, pH 7.2)0f Ath viefsto] ARttt A i) 2
7C, 130 rpm ZAo A LBHJA]o] overnight HJF 3= T}HA|
LBuj | o] 1:20 3]A5}o] 0.Deo=0.6°] & wh7pA] AHuf st
Ftt. #+FE MSM (minimum salt medium: MgSOs - 7H,O
0.2 g, CaCl, 0.1 g, FeSO4 + 7H,0O 0.05 mg, NaMoOy + 2H,O
0.25 mg, K;HPO4 0.43 g, KHPO4 023 g per 1 L))o=
0.Dg00=0.1~0.22 3] 5}te] 27T oA 1AIZF 5<¢F 243t 3t
5 ARR-5FIth RB14362 kanamycin A3 HAHKm ) S
Hest 9loeug LBHjA|o] kanamycing 50 mg/L A7}

shc.

>

2 A]& 400 pLS A #et & Luminometer (TD 20/20, Tur-
ner Designs, USA)E ©]-§3to] SAstqlon, g e o
Q&= relative light unite (RLU)o|H, o =4 3HAX|+=
9,999 RLUo©|t}.

2.2, Mot ot HEZHEHY
Aot ol HA o A8 Aok Ut AAE AlE F
o 4] US. EPA"™ Wl OECD 59 ¢l 7]eollAl FH3He 4
7 AE ASE A"tk Lactuca sativa L(745),
Raphanus sativus L.(ZEFT), Cucumis sativus L.(2-0]),
Cardamine yezoensis Maxim.(Z3). Aot A& Zof 3% 1}
AElGLR TG 25010 SRS @ W o AFeid
t}. HEzE FHA|(90x15 mm)o] ZE](advantec filter paper No.
D o} Aolat HES] AR SAARD) 50 mLE F
Asti, MHT 20709 WS e £ F B
2 wgstel 23T, kol A wesllch EzoRE 5
mLo WFsg Ageieon, mE A
aeholn. ATe werd AHo 2y
el
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Bacillus licheniformis©l] 23] XA o-glucosidase®] &4
Ao tigt e 54 FEHEE o] &S e
20% glycerol MO 2 70T A2 RIS A
HjoFS 9Jsf 35C, 100 rpm A A A& vl X|(trypticase
soy-broth without dextrose 27.5 g, yeast extract 5 g, poly-
oxyethylene sorbitan monooleate/Tween 80 10 g per 1 L)o]f
overnight HJ%F & T}A] 1:20 34310 0.Dss50=0.6~0.80] =
7k A i Fsto] maltose(X]F-5 5= 2% w/iv)E T8t
3AI7E 5t vjoFalalch. A} EAE 3,000 pmof 4] 152
1A APEYSAL AFsdE AAT F, 0.85% NaCl=
AF 9 23 AARelstT AENS AAT WABS 1%
trehalose 8-S 2 0.Dsso=0.5 AZ=7A] 3|A510] G7]of &
g4 Fufsto] A atof| Hykskal g @ Ajubrk Ao A
3fl-5-5to] AR&SHAT

Ao Ay A 0.1 mL, 2 HY o+ A= 0.9
mLE &3 %, 35T, 100 rpmz7 oA 1AIZF 5t &5}
At} 96-well microplate®] Z} wello]] & 0.2 mLe} Z-
buffer &-(Na,HPO,4 - 7H,O 16.1 g, NaH,PO, - H,O 5.5 g,
KC1 0.75 g, MgSOs * 7TH,0 0.25 g) 60 pL, 2214 PNaG &
ol(p-nitrophenyl-or-D-glucoside chromogen 0.5 g/Z-buffer
100 mL) 40 pLE FY3to] 35CoA vt tix
o] EAPNaG)H EAEAe] ol o sy
405 nmol|A] microplate reader (MB Plate Reader; ELISA
Readen) o] §3to] FHEE Zstol, i vlwdt &
W= uEgE Gehyelch
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Bol Azed Agos
15 Hol A Ames test
o]-8-3}54t}. Salmonella typhimurium P& 3 (wild type)

nella HES(TA 98, TA 100)2 <191% W o](pre-existing
mutations)°]] 2Jsf S|AE|HS AT = glo] WS Sl
A slaEdS a7ske slAEHY 24 (his) HF=
ampicillin A3} §AAE 2§31 Ut

TA98 59} TAI00 250 tfat §7 S4o] Gaao
R R P S 2 I E S 0L
Ty Zart Qlvh Uz 2= AREE 2-nitro-
fluorene (TA98 : 2.5 ug/plate)?} sodium azide (TA100 : 5
ng/plate)®] A% F=5 AU Fdz=4 &=
dimethyl sulfoxide (DMSO)Q} &=F4+5 ARE-3} 1L, 1~100
pghplated] 2 AHS F3Y5HATH

H Ao A= 2A2310 RIE o Q= Salmonella ty-
phimurium 5% nutrient agar plateo]] &35} 37T oA
ujoFslgick vjoFEl #3= nutrient broth No. 2 (Oxoid
nutrient broth #2 25 g per 1 L) 20 mLo] F=£35}o] 37T,
110 rpm2] ZAoA] overnight Hj¥st & 1:1009] H| &=
3]4(0.Ds540=0.1~0.2)3t] Aol AHE-SFATE 5= 0.1 mL,
FAANZEZ 0.05 mLe} buffer 0.5 mLE top agar (NaCl 6
g, agar 6 g, 0.5 mM histidine/biotin solution 100 mL, water
900 mL)of| &+43] &3 &, GM agar plate (minimal glucose
agar plate: VB salts (Bogel-Bonner) medium (50x) (MgSO; -
H>O 10 g, citric acid monohydrate 100 g, K;HPO4 500 g,
Na;NHPO4 + 4H,O 175 g per water 650 mL) 20 mL, glu-
cose solution (10% v/v) solution 50 mL, agar 15 g water
900 mL)of| E5ko] 37T ol 4] 48A|ZF F<t vljekste]
Aeos SAsEnh 2 Aol AR8-E TAI8T} TA100
F+= ampicillin A XS H{5L gJoEZE GM
agar plateo] ampicillin 24 pg/mLE FY3lo] A3} )
(Fig. 1).

&dd the buffer 0.5 mf, histidine dependent bacteria 0.1 n#
and test chemicals 0.05 me to 2 mf top agar

.

Mix the mixture and poured on Gk agar plate

|

Incubation in 37°¢ for 48 hrs

|

Count the histidine revertant colonies

Fig. 1. Diagram depicts the steps involved in the plate incor-
poration for Ames assay,
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= T
A i FEE HlA3kehE(Sigma, USA)ES As(IID)
(arsenite: NaAsO;)2} As(V) (arsenate: Na,HAsO,, Wako,
Japan)2 ALgSISITh ma T 2] AL A
ol "k A] 2F(chromogen) PNaG -89 (p-nitrophenyl-a-D-glu-
coside, Sigma, U.S.A)E& A3}t

e AP Aot YRbd ez dizatof tiH]3k ECs
oz Jelygon, =£%7lmeg(CEAM: Exposure
Assessment Modeling)& =28317] $J3] u]= EPASA] A|
o= 2T (Trimmed Spearman-Karber method)& ©]

gahgtet ™

3.1. dEed 2dof 27 et H|A =4 "ot

RB1436 =g2hdo] As(IIDef As(IV) Q] H]A3kgH=
0~10 mg/L; 0, 0.1, 0.5, 1, 3, 5, 10 mg/L)o] ]3|
S ZAVetHFig. 2). As(IINQ} As(V)Q] =& Hw7}
VS FFo ARG 42 Astetelon, gyt
Lo gejAE oA Wy s wEst
FE (0~1 mg/ll) =Zof it 243
Aot Hw Z7K1~10 mg/L)o| w2 2buksl 1y
J. As(IID9}F As(V)9] 1 mg/L =% ZZoA #3
7k ) 230 49.8+6.66%(2 E=A4)9} 62.4+
)2 eI, o =30 10 mg/L =
gJo] A Eo] Z} 272 6.5+0.87%L}
o Edo] THESITE US. EPA AlF =&
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ig. 2, Effects of arsenics on the bioluminescence activity of
RB1436 strain,

g

13(Trimmed Spearman-Karber W) o]&3slo] AMEY
B Aol AT Hl4& FFE] 50% WF JAE HEH
= 229 ECsoE AARE Z3h, As(l)= 1.14(0.84~1.54)
mg/L, As(V)= 2.05(1.47~2.86) mg/L2 ZAFE|QTh@ &t
9] 7k& 95% confidence level range). W2 <1 ZAu}E0)
oatH BEACE A7} As(V)HT} =& =4S e
1413 Ao oelA glom, AE ey AAlo A
2 dAFoME dA s Azt 2ARESQIH As(IDO] =
S glutathione} lipoicAta} ZHS Ay B2} (biomolecules)2}
1o @40l AAHQD JEO] -SH7of| tigt WetE wiE
Ao g2 A4 A QU Aposhian and Aposhian, 2006). As(III)
3} A2 glutathione reductase, glutathione peroxidases
o] ohFet Ao S dAlshe Aoz dEA 9l
7 As(V)Q] Aol Feleingel A4 AdstAl ¢
Ao aeiA sleh

rlr L ofn 12 0 &2 ox rlr

3.2. EA(a-glucosidase) A0l 27{Et H|A SM T}

Bacillus licheniformis©ol| 2]3l] AAE & 421 o-glucosidase
o] gHdofl vla: IpehEo] WA= Pl ZAS] edd
=4S AAsHAUE ahes o] Rl maltosed] 1,4-0-
glycoside Aol 2H-8-to] T glucoses FAtsh= <
e ek BarE SIS gotel AT AVE A1 B
Aol vl 3lSHE PNaG  (p-nitrophenyl-a-D-glucoside) 7}
maol o) JlpRdl @ A4S BaEe ek p
nitrophenol 2 A %= AEE TFE(405 nm) 2 SA5+Y
th ZA0 H)A 3R 0, 1, 5, 10, 20, 50 mg/LE &3 &
izt Mzko] e og WMo w2zt FEE 1.2~1.8)
A W 5 el iRt AW Tl AA SWwE v
&2 FAksto] Fig. 3o Uil AEdsgdel 24T
MR e WgEsl W Aew yetou, A
2ae o83t AAWI ubz oz oFel upe} Zro|
As(II)7} As(V) Hth =2 =42 tehjgich As(V) 5.0
mg/Lo| AL 93] o 23(1.05£0.046)2] 2ufof| 717te- &
TE(2.04+0.313; a4 A Z27h7F SEEJ T, A FH
EE2l 50 mg/Lo A= T3 E 1.47+0.1352 ZALEo] As(V)

J

—®—Arsenite

—B-Arsenate

9

5. (%)

Relative ab
. ,
= -
=

0 10 20 30 40 50 60

Concentration (mg/L)
Fig. 3, Effects of arsenite and arsenate compounds on the
activity of the enzyme a-glucosidase, produced by Ba-
cillus licheniformis.,

=

E HiojA AHY dF
4 2EA7 9L W] fED Zolth? As(V)ek=
] 71&71¢]
Aol 77k FBE AaE T 7]1&7]= -0.0137,
220.91). |t} 7~A]- =91 50 mg/L As(Ill) =Zof tjjat
T8(0.63£0.054) = 2w FEE(1.3240.119)9] °F 50%
Az %}g #as Yepfgith Asaet As(V)Ql Ecsog
7_}7

Loya gxg Aol W7tslA] e ,\Ei UrEP;b:}. B
o] o5l AU Ao i3] Cd, Cu} Hge ECs< 7t
1.4, 0903} 1.08 mg/LE RAME Q7] wjRo] &Aoo thdt
F4 NAEE oA SR weh Aol ﬂomz‘“‘) °l

3.3. M|t hotol| 2715t H|A =4 Tt
299 =Q A= AujEo]W A US. EPA U OECD

S A HAsHE AE AStel s st 2ol(Cucumis),
GEF2] S (Raphanus), Z&A(Cardamine), *3(Lactuca)E At
gl Mor wole] 2T ulae] BAE Agetalch 2t
Astoll gt Fa< TEv W WY A 2AE A
@ Agsson, 2 2aoldel tok o ddl
7 = Wold MEES ek glth(Table 1). ol4Fet v}
of o] FAg 2ol EHoﬂfﬂ ZF AotEe WA Awet
e Adolshalon, o] Aol 3 uigf AH(Q2
cm 7|E)ol A Bt 92.5% Wolshitt Hlaof m=EE A
S rEe 27] 4 SEAKE ot oarel WAL Ut
Ehfthrl, 4 F= =% olF FH J435] 9= e

He2 TR QAT 2ARE KNSt S A Lactuca, Raphanu
9]- Cardamines+ As(Ill)7} As(V)ET; 9 2 54 9%

= e, Cucumis= B]53 =S e ITh
T—:Lé?‘ g FFol s Aelgt =S UeERH AR
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As(ID o] tfgt K3k W= (ECsy mg/L)= Lactuca (0.63)
> Raphanus (1.73) > Cardamine (3.74), Cucumis (3.95), 1
231 As(V)oll gt W= Lactuca (3.01), Cucumis (3.70),
Raphanus (3.94) >> Cardamine (10.96) 2.2 ZALE| AT} (Table
. T54% 2ddel ta Aotd vifge s o2 =
APEIl o, ohA gt AR A A" As(ID7E As(V)ol
H3ll =/do] w=qteh T3 As(IDeF Ee] As(V)= Ao
v)53t Ay ZAE o YR A2 Cardamine Sk
of Bl ShekEe] disl WHET; W "\]"} TORE 2AH
Utk Wb Cardamine- -2 = YERHSZIO F

bikes
A Ast HotE o Wedt 4= gl g ZAb A o mzt
=S UL, v SRtEe] daf Aol dFE e

wWelon, £ oh2 HAHI vl 23l Lactuca
9} Raphanus 2%2] A sto] A& AAHES flof 44 &
FE2 AlgEoh
ThoFst W(wheat) X SFES iAo R FF B ato] A= As(II)
7 ASY) B 22 B4 UehlE 2o 2AE .
E3 RoF ol 3350 ER3k thAFE(metabolites)S
5= Ao B4 Q(starch 5) Eafjof] 9]&317] uj&o of
E
gy

ox ©

12}A4] @49 Ao gt v Sk3tE o3kul AlA]o]
Aoz stk Aoptel el 27, we] 4
A AR AL Ba B4 Sl dadE $3
of B4S ulH 4 9L Aol

rlo

Ao i

Table 1, Seed germination and germination percentage (%) com-
pared to the control at different arsenic concentration

(n=3)
Lactuca Raphanus
Metals
mg/L | germination (%) | mg/L | germination (%)
0 *19+0.6™ (100) 0 19+1.0(100)
0.05 18+1.1(95) 0.1 18+0.6 (100)
Arsenite 01 19+0.6 (100) 05 20+0.6 (109)
05 16+1.1(84) 1 20+0.6 (109)
1.0 1+£1.0(5) 7+£15(37)
0 19+0.6 (100) 19+1.8(100)
1 15+21(86) 05 20+0.6 (104)
Arsenate 5 6+0.6 (33) 1 19+1.5(98)
10 2+1.0(12) 2 18+1.2(96)
20 0+0.0(0) 4 9+1.2(49)
Cucumis Cardamine
Metals
mg/L | germination (%) | mg/L | germination (%)
0 18+1.1(100) 0 19+0.8 (100)
0.55 19+1.1(106) 1 19+1.1(100)
Arsenite 3 17+£2.0(94) 5 8+1.2(42)
6 0+0.0(0) 10 1+£05(1)
11 0+0.0(0) 15 0+0(0)
0 18+1.3(100) 0 20+0.0 (100)
05 15+0.6 (85) 5 19+1.0(95)
Arsenate 1 17+£1.7 (94) 10 14+1.0(70)
2 156+£21(81) 15 2+0.6(12)
4 8+25 (46) 20 2+1.0(10)

"Values represent the number of germinated seeds and standard
deviation of triplicate; ** Values in parenthesis represent germination
percentage of samples.

3.4. 57 SHHO|HEY 27t H|A =4 "It

v 4 3HgHE0] Salmonella w5+ 54 S|l w|
A= AFFS A2} As(V) H%E 0~500 mg/L 274 =
AbsFaTh S At 224 21~36 (TA9S), 107~133 (TA100)
o] o] MUY wioll, it A+t Az} vlwst
of FAolet Itd 4= glo] AFS Adsioha AE ¢l
ok TA9S #FE 4 FE F7io] wet B9 S0
of o3t Mk F7beklaL, B 85 oEdoew A
Hg-2 Hich MR("HZ—T“’ﬂ gt A 59 g
o u)) gro] 22 235}y AlRHSHs Bl A 1 mg/L
(MR=5.1)2} As(V) 500 mg/L (MR=2.0)% U}EhgTHTable 2).
wehA As(llD= 1 mg/L o8k, As(V)= 500 mg/L ©]4+9]
FrolA Y, & FAA Wo] 9F FER AT 4+ Q)
Aot E3] As(IDQ] H$- A HY 2o =<1 500 mg/L
O] MR gfo] 1048 Edoldy EHZA 9 7Ph’“°1 Ell
T =& Aoz yepgth vao =& TA100 5
HEY STt wWE EH JHeo FHE S0 5 %‘i?i
| wjZol uao] it |7 22l TA100 ++59] ¥
ol el A= o WSk 238 As(ll)

N

Table 2., Reverse mutation from Salmonella tester strains TA
98 and TA 100 on arsenic compounds without meta-
bolic activation

Heavy Positive control Con, MR
metals TA98 TA100 (mg/L) TA98 TA100
1 51 1.1
5 45* 12
Arsenite 268 742 10 6.8 1.1
colonies colonies 50 65" 1.2
100 81" 09
500 10 4% 06
1 14 09
5 13 1.0
Arsenate 25 572 10 15 1.1
colonies | colonies 50 14 11
100 16 13
500 20" 16

*Ratio greater than 2.0, indicates mutagenicity.

Table 3, Summary of the effects of arsenic compounds on
various test organisms

EC50 or mutation level (mg/L)
Methods
As(Ill) As(V)
. R.BMSG 1.14 (0.84~1.54) 2.05(1.47~2.86)
bioluminescence
a-glucosidase activity | 45,40 (29.42~70.06) Yy 50
Lactuca 0.63(0,57~0.69) 3.01(2.563~3,57)
Seed Raphanus 173 (nd) 3.94 (3.41~4 55)
germination|  Cucumis 3.95(3.73~4.18) 3.70(3.10~4 .41)
Cardamine | 3,74 (2.88~485) (10,96 (10.22~11.74)
Revertant TA98 (1 mg/L (500 mg/L
mutation TA100 » 500 mg/L y 500 mg/L

Values in parenthesis represent 95% confidence level
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