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Abstract

Marine bioluminescent bacterium, Vibrio fischeri, is currently used for determining the
toxicity of environmental contaminants. Heavy metal ions, such as Co?t, Zn?* and Cu?*,
in aquatic samples have been known to inhibit the bacterial bioluminescence, whilst we pre-
viously found the inhibition (INH) was reduced by the formation of octahedral Werner-type
metal complexes with bidentate ligands, ethylenediamine and glycine. Though we thought
this phenomenon was influenced not only by the complex structure but also by bioavailability,
it was not fully explained. In this study, we aimed to explain this nature focusing on the
redox potential (ORP) and ion valency of each complex solution. The ORP was measured for
each complex solution and total ion valency was calculated for glycine complexes. The results
showed a good linearity was found for ethylenediamine complexes between ORP and INH,
with significant coefficients of determination (>0.9). No clear relationship between ORP and
INH was found for glycine complexes, whilst the INH tended to increase with an increase
in total ion valency of glycine complexes from zero to +2 which relates to bioavailability of
such metal ions by Vibrio fischeri.
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1 # =5

HWEEENESSE N2 7)) 7 Vibrio fischeri (LUF V. fischeri) &, fAZEE OBV quorum sensing
GRS AT &) DSFERESN, Vv 72) r- V727 —EBROBHKOIZ LY #EE 490nm
DEWFIART [1-3]. LeLads, ELEA 4 v SO/ L oM X o TR GE O #IH]
REREEDOMHEPEL S &, V. fischeri OEWFECIIAE SN, FECHREIIHAT 5. ZOMWHEIZEE
DX, fLEWED V. fischeri \ZR$ 5 AWFICHERE (Bioluminescence Inhibition, LT INH) %,
LI E O EWOIRIE L 22 0, FOGHH R FE ~ bW E 2 & OB Biatel (OR&, 138, ik,
TIAT 2 ONLET v E S A411), %7 EREAE(CER (1S0) |2k ) 2tk
FBIERBE L LTHERILE TS [12].

EF DITBATIRICBVT, FLEEA 4~ & LT Co?t, Zn?t BL U Cut /RIS EERAL T
ELTIFLYYT73IY (MUTen) BLUOZ) Yy (UTF, BT &L Tidgly, 1bFWERE LT
X Gly i) % 5B & 8T Werner BUEEEZ AR L, $SEDENMHELEADY V. fischeri DEFGTREIRIT
FTRBEWME L. TORE, CNSEEEA T O INH BEEORMEEICL VEMESnsZ &%
AL72[13]. COBRIITHEREED AL ST, V. fischeri \2 X 2 EWFIRAEDES 35 LEZz 5Nz
A, FCEHAT 5 2 LR EETH - 7.

V. fischeri DAMFECIREL B 2 5- 2 5 WEULFRIER & LT, FI, BRIGEITEMS X RE
JESSHIS TS [14]. AWIZEO HIZ, V. fischeri DIEICTREC KAZ T BIESHE DO BAEE O L8
HoE2ITHZETHY, MILEITEN (Redox potential, LLF ORP) 123 B L, &84 4 VRO
ORP t INH OBRIZOWTHET L7z, —77, en $EEIZMRAEAZELL TH A 4 UMilllEHIC +2 TH
B, Gly SRS X > THR2ATOA & AMiilL 0 205 +2 FTEILT . A 4 Millild V. fischeri
WX B EMFIHEICERT 5 L ER b, KEERERDO A A+ Mlik INH OBREZMRE L7z, T OfEE,
SIEEHAD INH |21Z ORP 72134 4 AMilinsBtR 5 Z LSS I 0 72O THE T 5.
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2 Bk

2.1 &msitkoiRR

SIRSERILIES [13] & FRICHEL L 72, B sV b (1) BRKAI B X OFRBRTS: (1) LA,
BElEsA (1) FKFIIEE L7 1 )V ARDGHMESE RS R & AV, B A & & SSHRZE K TR - A
L T 0.010 M-CoSOy4 K, 0.010 M-ZnSO, KB L U 0.010 M-CuSO, /KIFTH A N ZNFH# L
7z, Frzen BLUGly 1E, BL7 4V ARG EGIRL E IV, IR A & > SSHRBEGK THESF -
AL T 0.010 M-en /KA B £ O° 0.010 M-Gly KiE# % 2 2NFHB L7z, SEENO 0.010 M-4
JE&A 4 ¥ i 1.0mL 12 0.010 M-BAL T /K& # % 0, 0.5, 1.0, 1.5. 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, B L
50mL ZNFIRML, WE A 4 v LHRBHAKCTLES 10mL 2% 25 X ICER L. &4+ 0
FEVIRE O 1SS BERATFOENGEE CL O CL/Cy (X 0~5.0 &7 5. i, V. fischeri \IZk$ 5
FE/AT Y ORBOMSEEBL, Co?t #ifizo o FMAL, Zn?t BL O Cu?t #F1x 10pM
AR L CHEER L 72,

2.2 t#EXEN (ORP) B XU pH ofilse
HEIBEEREI D ORP 1&~< Y& ORP & (7 X7 Y% ORP70) ZMH\WC#EvEL 3 L 722
F72pH Za /%7 k pH A—% — LAQUA twin (HPORIBA # pH-11B) Z F\V>C# DR L 3 [l

EL7.

2.3 A F Ui

Gly ##RI22 W\ TiE, B TORMEBIZE > T, A4 lias -1, +0, +1, +2 12813 5. —K4,
AL 72 Gly $ERERIE, BNBORL ZEEOREM TH LI Ehn, BPTOA F AMilizHEe L
72 B O 1~3 BALOSBEAROFIEEIAI, B [13] IR L7z & ) ICBREEEER[17] 55
HEEL, THCEEEROAF UMlixF L, ZNOORME R2TOAF Aiik L7z, Table 1124 Gly
SERDOZENILTOREEE, Rrdof 4 AAlizRL7:.

24 EWMFCHEE (INH) oW
HRIEBEERD V. fischeri \Zxt$ % INH OfEIGEEH [13] XV 5IH L7z, BFLEEA 4 v OEN
MBI O /Cy \2x$ % INH OZE{b% Appendix (2787

3 WRBIOZE

31 =FLUIYTI UK

ERBEEHRT O en L EBA A X DEVIL Copn /Cn (T 2 EHER D ORP D%t % Fig. 1 1R
¥. ORP I n=3 OFMETH 2. Co’t-en $5ETld, EIVI Cop/Coo DHMIZIEV ORP HYHHHE 12
WAL, EVIAT 3.0 O CHE KT AR SN, EOMOATIEE VOB ORP
DETITER 2 TH o 72,

HENOAEYFNHIERE ORP & INH OBR% Fig. 2 IR T. WINo&EHERICOWTY,
ORP 73819 % & INH HSHEMENHEINT 2 @A RSNz, 22T, & A1+ v EIci/h i
L2 EMAFER %KD 72, Table 2 ISR ERT. RERE 72 1£0.86~0.90 &2 ), WFNhoOLE A
F OV THEELRERBEBRER L. V. fischeri 3456 % MINLIEFE I O W0 85 <14 2 H sk 7
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Table1 Estimated coordination structure and total valence of glycine complexes.

Abundance of {C[M(gly™);(H20)s_2]>""} Estimated total ion
Cm Cgly_ /Cwm - - - -
i=0 i=1 i=2 i=3 valency of complexes
0 1.0 0 0 0 2.0
0.5 0.65 0.33 0.023 0.000053 1.6
1.0 0.40 0.51 0.09 0.00049 1.3
1.5 0.22 0.57 0.20 0.0023 1.0
G2t 2.0 0.14 0.55 0.30 0.0052 0.83
1.0 mM 2.5 0.10 0.51 0.38 0.0091 0.70
3.0 0.062 0.46 0.46 0.015 0.57
3.5 0.045 0.41 0.52 0.021 0.48
4.0 0.033 0.37 0.57 0.028 0.41
4.5 0.025 0.33 0.61 0.036 0.35
5.0 0.019 0.30 0.64 0.044 0.29
0 1.0 0 0 0 2.0
0.5 0.72 0.27 0.0044 0.0000031 1.7
1.0 0.51 0.47 0.018 0.000031 1.5
1.5 0.36 0.60 0.043 0.00013 1.3
e 2.0 0.28 0.65 0.065 0.00028 1.2
10 M 2.5 0.21 0.69 0.10 0.0006 1.1
3.0 0.17 0.70 0.12 0.0010 1.0
3.5 0.14 0.71 0.15 0.0014 1.0
4.0 0.12 0.70 0.17 0.0019 0.94
4.5 0.10 0.70 0.20 0.0025 0.90
5.0 0.090 0.68 0.22 0.0032 0.86
0 1.0 0 0 2.0
0.5 0.53 0.45 0.018 1.5
1.0 0.15 0.70 0.15 1.0
1.5 0.018 0.45 0.53 0.5
2t 2.0 0.00067 0.11 0.89 0.1
10 M 2.5 0.000034 0.026 1.0 0.03
3.0 0.0000086 0.013 1.0 0.01
3.5 0.0000039 0.0091 1.0 0.01
4.0 0.0000022 0.0068 1.0 0.01
4.5 0.0000014 0.0055 1.0 0.01
5.0 0.0000010 0.0045 1.0 0.00

Do e ARk 2@ 2 = IC D R BRA T 2 BT S [16]. RIFZEIC 81T 25 RS
HEWEECOMERIE, FEEA 2 OSBRI K 2RI OWMAPRRTH S LEZ NS, AIFEMRD
B & 1% Cot-en $fk & Znt-en K13 ZFN2110.39 & 0.42 LIEHEICEVVEZ R L7225, Cut-en £
K12 0.23 EMERWEZ R L2, Zhid Co?t, Zn?T 12T Cu?t oY —> - 75 =3RS HEETH
RO IE N AEEDOEAIER T S L E 2 515 [15).

B, SUENAM O pH IZ, Cot il TIE 6.2~9.7, Zn?t ATt 6.1~7.1, Cut BiiX 6.2~7.1 T
Hotz. V. fischeri & V72 AR T, BRI F 721338 M C1d 7z AEC—EOEMEIC L ) 5
FHEDSE T L2 E0s, REHABROEM pH & LT 6.0~8.5 2R ENT WA, Co?t-en $ikICH
WTENL 40 L ETIE pHAS85 L2 ), pHISERT 2 HEHENE 2 b N72h, HERIVICIE
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Fig.1 Changes in ORP and pH of metal ion solutions with the formation of ethylenediamine complexes

as a function of molar concentration ratio of ethylenediamine and bivalent metal ions, Cen/Cwm.

ORP OREPENMIZENT b D EEZEZHNL.

3.2 VY UEME

Gly 373 /% (NHy) 7 0VEFTH (COOH) #ATH7 I /WHThs. FAEHEIL pH 12
Ko TELL, $EEEET 256, FEHO 597 U ETEA T Ve bh v E#RE TR L 2\,
Fig. 3R T L)1, 3 XNTOHEKTERLIL LD pH DX R L TwAH I Lhs, T L LTGly
IIHEREL TV B EEZ NS, T72 V. fischeri DM pH OFEFHMNICA>TnD I L 2R L. &
EIRFERFEBH O Gly ERBA F X DTNV Cgyy- /Oy 12K 2FFHER O ORP OZAL%E Fig. 3 12
RY. ORPEn=3DOFHETHL. WIFNo Gly #E12o0nTH, BT 2L 2 WA 2N
T, DIDIZ ORP DLEANPRONLDOATH Y, en $hA L I1TRL ) BHFE LIRSk o7z,
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Fig.2 Relationships between ORP and INH for each ethylenediamine complex solutions.
The values of INH were cited from ref. [13].

Table 2 Linear regression analysis for ORP and INH of ethylenediamine complexes.

slope intercept 12

Co?t  0.39 —-90  0.90
Zn?t  0.42 —100  0.90
Cu®t 023 -30 0.86

FHAEHEW D ORP 0ZALE INH OZALOBRE Fig. 4 (R T. WH ICIEHMBRIE RS>

Gly 5k D%56, ORP I V. fischeri DEMFENHEFEIIR§ 2 FELPERTTIEEWEEZONL.
Fig. 5 1ZH2F Eo Gly kD 1 & AMfilck 52 INH OZAbE R L7z, Co?t OENIL 4.0 55 5.0
&, Ao F AliodEinctEy, INH 3 28 mas i o he, M oMk, hk
fHEOKEE P TIE, MBEREICELL TR0 FOnIVRF I VER) VERIE: EDHEEL TR
HWELTWLIEFHMONTEY (18], Gly $EEDOR2 T DA+ Ml K& { % %13 EMlusEl & Gly
HEARBOF M &, V. fischeri IMEAI LR T R b EEZONE. Co?T-Gly $ADE VI 4.0~5.0
DH, BPFOA F Az b b 5§, INH S iizm L7ZERKRE LT, Co?t 2Mbo 48 A
F Y EHART1.0mM & 100 fiEv7zo, Gly iRELEHWI EAER LML, Gly (377 AR
WHLRTER S SN TEB Y [19,20], Gly 2WBEIAFET S L, Mol Ex T2 X7TF K7 %
YOREMEIZT 7= ORbVIZGly B AEN, ERT LT R D OMBEPAEEICR
D [21], ARELY A NEEVEIVIE 4.0~5.0 D Co?T-Gly $5A DMLY A ENF L otzizd b &
Abhb,
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Fig.3 Changes in ORP and pH of metal ion solutions with the formation of glycine complexes as a

function of molar concentration ratio of glycine and bivalent metal ions, Cyj,— /Ch.

1% @

Co?t, Zn?t BLX U Cu?t 2#H.L&BAF ~, en BL O Gly ZEfLT & 3% Werner BI$EKTIZ,
AL F ORAEDOBEINAE S, V. fischeri (SR $ A EWFEGHEI BN SN L ETS RN, ZoH
2 BET L7245, en S5O AT EBEMABTO ORP 78, Gly $MROBE IR TOA + L lidss
B L2 edbirol, BERTIIESEA 4 VI3  REMT LA L TERER L TwLEEZS
N, EEEA T OREHEW LT 256, CORMERELZETLLENH 5.
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Fig.4 Relationships between ORP and INH for each glycine complexes solution. The values of INH

were cited from ref. [13].
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Appendix
Changes in the bioluminescence inhibition (INH) of metal ion solutions with the formation of
ethylenediamine and glycine complexes as a function of molar concentration ratio of ligand and

bivalent metal ions, CL,/Cn. The values of INH were cited from ref. [13].

Cr/Cm Co-en Zn-en Cu-en Co-gly™ Zn-gly” Cu-gly”

0 33 42 46 33 42 46
0.5 5.8 —-93 36 13 2 29
1 -4 =10 34 10 11 33
1.5 -12 -13 27 7 28
2 —-25 16 20 7 30
2.5 -36 =31 16 3 14
3 —41 —25 16 6 11 20
3.5 —-55  —36 17 4 23
4 —68  —36 13 24 6 17
4.5 —67 =32 8.9 25 2 14
5 —65  —45 2.4 18 -2 20




