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ABSTRACT

Aim of the present study was the development of a bioassay which enables the detection of toxic effects of
heavy metal ions to a bacterium, Escherichia coli. Inhibition effects of the metals on growth rates of the bac-
terium were studied in the absence or presence of fulvic acid. This method does not clearly differentiate among
metals, but does detect overall AGB inhibition rate (toxicity) for 5 different heavy metals. The toxicity of the
metals in the absence of fulvic acid in the same testing conditions was significantly increased in following
order: Hg<Pb, Zn<Cd< Cu, whereas the inhibition rate (toxicity) in the presence of FA was shown to be
increased in following order: Cd<Pb, Hg< Cu<Zn. The results of the present study indicate that this simple
and fast biomonitoring assay with direct exposure of E coli. might be a valuable supplement to analytical meth-
ods of contaminated media.
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1994), esterases (Franklin ez al., 2001), phosphatases
(Durrieu and Tran-Minh, 2002), urease (Mallick er
al., 1990), luciferase, beta—galactosidase (Peterson
and Stauber, 1996), protease (Bitton and Koopman,
1992), amylase(Yan et al., 1996), &2 beta-glu-
cosidase (Montuelle ez al., 1994) 5% o]4-3}v} &
Dol SA)135FE] WAF9] beta—galactosidase
(Dutton et al., 1990) 18]35 o8& FE9] trypto-
phanase (Dutton et al., 1990) 5-& alpha-glucosi-
dase (Bitton and Koopman, 1992)% 72 & 49 &
AAA RS SIS 722 wel A7
3 9ok EARA L ZASTEHET {7 3EE
Be} o q1z7h Aoz vepg wbHe| &Rl
beta—galactosidaseel] W3t FF&2] SAL §-713
el A ARG U=t v 22 o=
ebdt} (Apartin and Ronco, 2001).

weejobs o] 48k SAHAE AL, 5
A, A7, AEA, ATP, A3, 43k 3 €A
of ZAget uteelelAl g /M Fod
254 ARE 7T e A71ERHERE 3
EAEAY] Axo] g T3 oot A
Azao g EelA, sy aew fF W
E IEREC] A3 Al RizkEe] 4%
& T Aoz dBFY. d48 /Y AEFA
NP Eol olu] AlFel 437t Helglew

Microtox (bioluminescence) (Nalecz-Jawecki et al..

&

o o >
o o rlo oft

4 rlo

1997), Polytox (respiration) (Arulgnanendran, Nir-
malakhandan, 1998), ECHA Biocide Monitor (dehy-
drogenase activity), Toxi—Chromotest (enzyme bio-
synthesis) (Hempel et al., 1995), 18|32 MetPAD/
MetPLATE (enzyme activity) (Boularbah et al.,
1999) 59} WP Bl §7188E F& 25 5
AR AHE-E S

a4 B2 S35 9 AESAE Al
sl ol 7122 APl TARFE 7}
A3 glem §7)EgEHE o2 Witwert 2
gt QAR BEAT ek MetPADHE L
sheelolAl g e s ofds) FE7h B4 SA4el
vl A& x5} (Boularbah ef al., 1999).
Microtox Al&g-& $2(Hg)9] FA& o S537]dl&
w7t Fout sh=ge] AL 55 ©
o= Alsf) sl (Kong et al., 1995). 23} &
2 ([Cu, Zn, Cd, Pb, Hg, Cr(VD)]ell & MetPAD/
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MetPLATE HAE29] wZtxi= dubd o2 Micro-
tox¥hg o] Aot o F9low EWE B2 olf
AEAEE o] 43 ARFAAEI 2 Zloz
et o} §7)33 5] 93 MetPAD/MetPLATE
AgLe AN HEHE FERG F Al
9l 7} = 7} A)8LE gl o} (Bitton et al., 1994).

AGB (alpha—-glucosidase biosynthesis) &A1 § -2
Azel] HE B sAS Al vl gast
Al SAZANE 98 dxHl Z¥AL AGE
AR w4 du-opdeiA|7 HEE TEX
2 $3tE o YAo] Hel HEAIF A Z oo
ZAZ do] AGE FEAXATIH 2=l A
AGE BEAE $3AA FTIAE YA
AAA M AGE MZE o] AR ELo|th
vk o] AAGA R EJMEA AGE HE A&
© 2 Eo]zlc}h(Thirunavukkarasu and Ptiest, 1983).
AADA 7 FAHBA XA S golFHd ALA
¢l p-nitrophenyl-alpha—D- glucosidesl] 4] alpha
1-4 Ago] FoAAHAM xgton w3 p-
nitrophenolo] W& WA JAHE= reghdle] £33}
= Z}olE FAEAE o438l AT

=92k (fulvic acid)-2 Boll Holglye #7152
A Holgl: mlEe] FHE o] 253 A3
kg sl FFEE AANAY F3e B
sste JAe 23 QI (Christi er al., 2001). whe}
A Bizzel o5l FR&ole FL oleA
2o =4& AAs: HAE Jepde Campbel
et al., 2000). =3 o] & ZIH-2 A s
(stability constant)#} 23} (complexation capac-
ity)el] 2)s] Z=}=e}(Dora G #t al., 2000).

B AFINE T4ES) A2 e 54 A7
87] sleke] WS AGBE ol 4ste] ol w
£ S4S s 242 HAE AnE v
34 shglom TR F4el A FEEAE A
sluAt shaich =3t o] 5] SAdel dig Ewjat
o dsre ohuslz ek
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1. Chemicals

7z} 440 A mF8d2 Aldrich Chem-
ical Co. (USA)o 2RE] F3ldlgon] B ulet
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2FLNS IMAA AL FA (fulvic acid)
= Mycsa AG Company (Tlalnepantla, Mex. Mexico
54050)2) A|F& AHgslglon] buffer @ A
RE AJeFE-2 Sigma Chemical Co. (St. Louis, MD,

USA)IlIA Tl st

2. Cell culture

W22 Bacillus licheniformis stock -804 50
ULE FAE2 A7 Bo9lA] 42 TSB(trypticase
soy broth)y& - 5-mL Al el 71 & ik

71430 C)oll A 2447t 52t wlFatsd.om 2447
Foll Ryan wij¢} Eefizido] W2 M2 9 45
mL2] TSB wfF&el] ¥ o 2447 Fb 22
2718t A Wik shadct weFFe wiFE> F
B A& A2t 550 nmel] A OD (optical densi-
ty)E A8k 22l VA fresh mediag A-g-
o] WY FHES THA 03~044 52 B2
I 0.7~0.84 o] 2 Lerte2 wioke AT %
£ 30¥nieh 2sel vkl x4 WA
(exponential phase)s RI=E=X|E #ldlgich o
wepge B2d YAwe Fudel $AA 4°C
A 203 <} 8000rpme] 22 A4 el
223 A A A= Ade] 100mLe) FF
ol 914 Aol Abgsha shse.

3. AGB inhibition

Control, cell blank @ FEA| 8.8 37] <A+ A13]
ahedond cell blank® A19)sh3 27ke] A|e gheel
0.1 mL2] resuspended cell-& A 7}s}oic}. =3t 242}
9] control A& A= 09mLe] Z2FSE Yglo
™ cell blank2} sample tubeel]:= 0.9 mLe] EFA|

28 Yo 2 /‘]i ¥ oL vE Algge
vortex mixerY oA EEo] Fot 1811 RE A]
HA-E 30°Coll A 6087k v kA H ) FAS] &3E
B257] 95 e wWyes WE Amel 05
mg/Le] Eik £ ImLE Y1 722 ez
Agatelet.

4. Enzyme induction

fEdtr] fsted HEX 0.1 mLE AY
o] P& ohL. 0.4mLe] z-buffer (pH7)&F 0.5 mL

B 5240 ZAAY3 Fulabol o 54 A 27

9] fresh medium-g Y17

Al

30°Col|A 608 E<t uljoF

5. Color development

547h 29 ol mar} ol Hxd 7%
sodium dodecyl sulfate-g} 0.1 mL& 2ot 1=
a2 34 p-nitrophenyl-alpha-D-glucopyranoside
2] 0.4% substrate-2-N-& z}z}e] Ao Ar)e)l
g om 30°ColA 607k wjoFe & Fol Yzke |
M sodium carbonate-8-42] | mLE 4
AAR S 420nmel A FFEE 2
#9% 2340 sedsl B2 AGBY) B4
= FFL FFE5E FYA 4= ASE daT
o2 spe] 4 (1)el Js}od Aoh &S Fohaleh 50%
o Feh= F=E IC50=2 FAlsalo-

I REE &

#] 8} & = (Con-Tox)/Con X 100% (M

6. Statistical analysis

APATe FAAME 4 =AM 534
MY & ol &3tem controlel]l WE zhzhe)
Fu5e A FA4 A=s T8 A
ANCOVA test® 2a)slde). A4S o8t =
23 SPSS A Ed]e] (version 9.0y AH4-3}
At

dn o oy

AlHAIE= = 1o veld glem 99 Y H
o|ELE o] &3l T4 F=o gk AGBY| A3
&5 APz Jepigien IC50 3h&
AArsFsI .

7 A Zo| A AGBel| djdle] 4 Fo3)
2l S W, F F52 54| A43A] Ad%E
o o] $X2 100%= AAbsid ek

ofeiel 1% 1,2,3,4% 5°ﬂf‘1‘ 7Jr7Jr Pb, Hg,
Cu, Zn ¥ Cdd| 23t FA A7} A] 2 v|A7} A],
AGB9| AR &a&S 29 *‘—i e 9
o 349 SAaAE Jd =z Jehfglen (n)
453 FARE FA10 FEE o EAld 9
g 542 AHaed e Al YeligiTH(e). FA
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Fig. 1. AGB (alpha-glucosidase biosynthesis) inhibition
rate by Pb and effect of Fulvic Acid (FA).
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Fig. 2. AGB (alpha-glucosidase biosynthesis) inhibition
rate by Hg and effect of Fulvic Acid (FA).

fulvic acid o2 2|u]8}3 NOFAE £}
e 9 E on|gr}. EAEA (ANCOVA test) 2
o) 93l 7+ Z224:2) controle)] w13 3L,
FAQl 7} Als} ulA A 9] Aol dd 2
ZEL BE P<00] ¥ FATHE &
o}Hal zhol7} Ui+

99 ZH ol M= HAS 28t A axr} 54
o] Ueht® glth(a® 1). FAR A7BidE A+
M HEAAlL Y =92.7-11.0X (r=0.85)°]9
IC50%-2 3.92 viehych =3t HrsiA] 42 A
2o Y=96.1-245X9 A& el gk
0.972 IC50 Z+2 1.92 AAE o] IC50 32 FAS

oy 85 ol

37} Aol Pool o5k AGB AgHAS] Mol 4

W AE a8 A T S At
Fasl 218 Hge) AGB S4e| o9& adabel
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Fig. 3. AGB (alpha-glucosidase biosynthesis) inhibition
rate by Cu and effect of Fulvic Acid (FA).

1.4 ppme] T E7ixE F3FA] kot 1.8
ppme] Exo|AelA FEFE wl AGBRA A
o] AzlHo=w ZI}slsct Hg: Pbol 7-4-9 H]
23 A& AeE ez e Aoz 3
HoleH (¥ 2).

FAE A7bslas A% ZAe 9AA2 Y=
94.6—11.5X (r=0.94)0]] IC50%t2 3.92 el
o} w8l u)A7) Ao: Y=96.8—23.1X2] "k A
oz Jvehgor rgd 0.992. Al =$- 717
Aoz Jepgr) IC50 g2 A7 Alek ¥37E Al
o) z+zt 3.99) 2002 FAS #H7} Aol Pbel 2
g AGB A3 Al go] 20 A= FhaFe] F
Aol FA3] ZAaHLH-

Cuell 23t AGBS] QA& 27|y E2lE B
E Fxo o]27|71A] FAel &J3le] 9] F4 o
ZHaF 3 (23 3). HAY 37} Ald) 371eHA)
oke AyAF e} vlwd o Cu(F))el 25 oA
3= =7} 1ppm o] FRE F A9 A&
2] z}e)7} Z=A FrbsIAT

FAS Hrlstde 7% A4 wWAAS Y=
93.4-11.9X (r=0.89)¢]9 IC50g+-e 3.7=2 vehgt
o}, =3t v 7) Al Y =88.5-28.9X9] Uz}
Ar ez yepgon gk 0972 AdAde] wiS-
Eo Aoz e IC50 3 H7t A9 vlA
7} Aol Z47t 3.7 1.30.2 FAS 37} Al¢l& Pb
o] 23 AGB A A& (Aol oF 3u A
= AAFHAH.

Zn2] 7% FAS A7} Al 0.6ppme] $ =7 &=
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Fig. 4. AGB (alpha-glucosidase biosynthesis) inhibition
rate by Zn and effect of Fulvic Acid (FA).
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Fig. 5. AGB (alpha-glucosidase biosynthesis) inhibition
rate by Cd and effect of Fulvic Acid (FA).

FAo) oi3t a2 ezl Faeka edgte
U 1ppme Foiq o) Fell FBIT ool #
sien wwr} Fr4e) weh gxjdes A
a9} Aelrk A F7HEATHIR 4). ole 2
2 19 2¢] vhebd Pb R Hgel As) &} v)g w)
5% Aoz gasty ot

FAS Arbelde A% AAde) wgade Y=
953—-12.8X (r=0.96)°]9 IC507k& 352 vielg
of. =3 ¥ Aol Y=99-254X9] Az
Aoz Jepgon ke 1002 M) WS- 7}
7h o2 vehgH IC50 32 A7) Als) WA
7F Aloll z}2t 3.591 1.92 FAE 37} AlollE Pbol]
218k AGB A3 e A& (F4)e] o 199 A=
A= At

AEE w= A9 7k=Be] st 1%

dejelels] AGBE o) 43 F242] 544193

Enjalel] 23 B4 oA w3t 29
of wel Aoz A& 2ot A F7let
ol A& Ao|7} wig- IA JEpten, o
a9 30l vebd Cus A& vt FEE B
o] $I=H(TH 5). FAE 37} Aol 3.0ppm9] &
EqME S A3 AsfEo] 0%l 7gA 7
25 A4S Bolx v

FAEZ A71et5l& A
93.4—11.9X (r=0.83)°]9 IC50% 528 iepg
o} =3 wA7} Aol Y=88.5-28.9X2] Uxpit
Aoz vephgon rghd 0992 Al ujs- 7}
7 Ao Yehge IC50 3k A7 Alek v
7} Alell b7t 523 1.42 FAS 37} Aol & Pbel)
o3 AGB A9 A& (FA)e] oF 3.7 A=
Zr2E Aot

A9 Ad AN FAS 718 k& 75
ol Cusl HAo] Bt FF4uct T A
= @ 5 UHE D). o] W9 74 F559] 10508
Hg (2.0)>Pb (1.9), Zn (1.9)>Cd (1.4)>Cu (1.3)¢)
TH 2 FaFe] 542 A7l Hg<Pb<Zn<Cd
<Cuff ¢4z F7Hd Zle= vepys} He, Pb o
Zn 59 IC50 £415 AT A== FEY Aol7}t

FA] gkt FAQ] A7} Fol 7 549 1IC50&

Cd (5.2)>Pb (3.9), Hg (3.9)>Cu (3.7)>Zn (3.5)9]
THE Zhasiglor 549 A7)E Zn>Cu>Hg
>Pb>Cde 42 Zadge o 4 v FAY
A4 Aol Cd9] IC50 Fho] &8 FF49 uct
A wokort vHA] 3429 1050 2 &
Aol 7h gl

A WAL Y=

Table 1. Corelation coefficients (r), linear regression equa-
tions and IC50 values in AGB inhibition by metals

and Fulvic Acid
F % AHAs© 3784l IC50(ppm)
Pb-FA 0.85 Y=92.7-11.0X 3.9
Pb-NOFA 0.97 Y =96.1-24.5X 1.9
Hg-FA 0.94 Y=94.6—-11.5X 3.9
Hg-NOFA 0.99 Y =96.8-23.1X 2.0
Cu-FA 0.89 Y=934-11.9X 3.7
Cu-NOFA 0.97 Y =88.5-28.9X 1.3
Zn-FA 0.96 Y=953-12.8X 3.5
Zn-NOFA 1.00 Y=99.0—-254X 1.9
Cd-FA 0.83 Y =93.3-8.30X 5.2
Cd-NOFA 0.99 Y =94.3-30.8X 1.4

*FA: fulvic acid added, NOFA: no fulvic acid added.
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£ 164 FAS 7} Aol wA7 A8 7)E
oz zase] o8 1050 gol VA 27)e
A& o 4 3loh He, Po 9 Znol FAE 4318
A4l 1C500] o 20 A2 Zlskgled Cuk
o 3w, Cd9) 7ol 3.79) A= st FA
o] Hrlell o3t 42 QA EAe] 2% Zn
>Cu>Hg>Pb>Cd £ #42 Z715eic) o]
Moot ololA] 234 FEEE Mg>Al>
Mn>Zn>Cr>Fe>Pb>Cu>Hge =42 7}4adt
char geA QdAgE A 27 o} getA]
+ ZA3= ez ok =, Spirotox H Microtox
MM FFLI7HEY] B2 ¢Ale Hg>Cd>
Zn>Pbe A2 7+43)9] om] (Nalecz-Jawecki et
al., 1997), %.2] beta—galactosidaseol] g F=F
£0] BA 718w CA(ID)< Ni(ID) < Cr(VI) = Pb(Il)
<Cu(ID<Hgdl) 534 Z& A2 718l
(Apartin and Ronco, 2001). ¢]&gt A= & Ag
AR FF5 o3 B AFES =9 5
4ol JAZY A st AT ohm Abelgl:
Mxze} = Atele] AAA] AbzAgI} {7
Eo AelAl Azl & Aol Helof Fo
(Campbell et al., 2000). 5=Al*}A] Fulvic acid¢} F
43 39 ARES 07 ok FF4 2
7). A3, 2784 Folo] 7|Usk pHel
9)sled ebRle} (Kogut and Voelker, 2001).

IC50 gko] 2}o2 BA=T 2 Z& ou|da
FA2] v 7} A& 7|5202 FAY 7l &35 A
A¥3L [IC50 (FA)—ICS0 (NOFAY S 7k2 Cd(3.8)>
Cu(2.4)>Pb(2.0)>Hg(1.9>Zn(1.6)8] &A= 7}
A3l oma FA A7} 3 IC50 gke] zlold] 23t
FAo| 9Jgt 5A9] Zz7}aa= Cd<Cu<Pb<Hg
<Zn?] A2 Z7Ple A& ¢ 4 T FAE
Agg Fo ALy AHel dehbe zole 7
54 o&Ee°] FAgle] AHH (el 2t
YehHe Zolol] 719ld Aoz «&e A&
of gt A FAL] F7Hg 75l = w|A 7}
Alehe B2 A CdY) A gl v F452] A3
&3 d2A4 dAsA FaFHA g2 Ade] A
Fglomn o] Cd& FAste] 23 o] "ojx| 7}
22 FAol 93t FAo] ZolEA] devtx A4
& 4 glet

FAZ H7IsHA] dts 9ol WAAEe] A

[A S () Zhel wlS- =A veht 4z Aol 7t
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9ot FAS 3711& A4ele Avdes )
o Aol BAE TR ok FAS| )&
Ao Anz dehje $HA, 34
A%t 73 o) Zesatde] Axige] e
2 ask] UYehe weA ) 2R o 2Ed.

9 Ao vigtow Ag 9 1o Wk FA
A& ARy g3 o

(1) ¥tel| 2] o} (E. coli)®] AGB (alpha-glucosidase
biosynthesis)ell W&t v, &, 7t=H, dv)y 2
2o o2 olAlass BRsP o = WYl
= 243 FAS) Al o8 249 =4 A7
e AH49e Z98E sk =3 4749 FAS]
g Al Y aAE Ao %49 2k ZR- FF
%9) p27h 271 meh =) ehda gl

(2) FA® 7184 shabe We) 4 3349
IC50%& Hg (2.0)>Pb(1.9), Zn (1.9)>Cd (1.4)>Cu
(1.3)2] M=z FHase] 5A9] Al7]lE Hg<Pb<
Zn<Cd<Cu® &A=z ZrjsE Aoz eyt
FAS] A7l 2)3t 242 SAdAETe] 27)e
Zn>Cu>Hg>Pb>Cd 59 A2 F7FEAh A
2 o8 Ay 245 4 A7 54 A¥E
& e} 549 FAVE 3 FEd AR ok
o Aol Az} 27t Alele] AHAA A3
283 7182 Al AerE & o] o
ofF glt}(Campbell et al., 2000). $4ellA Fulvic
acid®} 343 738 AgEaTAe] A7 Aol F
42 Z27]. AFF, A7 =] Aol 7]<ls}
o pHell o)te] Febalcty 433kl wt (Kogut and
Voelker, 2001).

(3) FAS A7}t viehd IC50 gke] xlel= Cd
(3.8)>Cu (2.4)>Pb (2.0) > Hg (1.9)>Zn (1.6)8] <
Az Zaslgenz FA 7} F, IC50 4] #)o]
o ¢k FAel| 2J8 %A9] $3taae Cd<Cu<
Pb<Hg<Zn®] A2 F7}5& H& 4 4 A=

(4) In virro AN FAS AFS 27 A
Astdort Al LA AlE 4= 9l
ovz FAZ 718 AlAel wheb 1050 ghel @
A 4= gk oo W 2ol A7 ey
Aoz Azt

(5)FAZ A43< Ao 549 Asge 54
3 Fa4e] WAl WA WA 2T

o1} 1C509) Fke] Fol7h glol Al e
Ag Q)7L ARk ol FIEE Aol

=

g
]
]
ki

o
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Aol Q) Aol7k G T B ARl Ag
A 3349 o Addes Aht g 2
Aoz fuise w4 v Aol Eu}
Se ABEE olgsted Sush A7) das)
g3 Almge,

FINEE

Q7S A5kl we Ansh BAAL A
o] F4] Mycsa AG. Company®] Federico Casillas
A A=Y
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