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Ecotoxicological study of toxicants using a microbial model system
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A toxicity testing method of chemicals using microorganisms (Algae—Chiorelia ellipsoidia,
and Yeast—Saccharomyces cerevisice) was investigated. Phytoplankton is an important micro-
organisms as a primary producer which holds a position of the base of food chains as to an
ecological niche, while yeast is the simplest eucaryote. Especially, recent studies on yeast have
remarkably progressed and biological information from various aspects have been obtained. In
addition to this, yeast is very easy in handling. In these points, both microorganisms are
considered to be useful test organisms for a toxicity testing.

In this paper, a quantitative relationship between dose and effect, interaction of chemicals
and the repair of celi growth damaged by toxicants were investigated. Toxicity indexes used
here are a relative growth rate, cell density, concentration of ATP and Chl-a in cells and a lag
time.

EC 50 values of Cu, Cd and Cr (VD) for the growth rate calculated from the change in dry
weight of Chlorella ellipsoidia were 44, 80, 170 zeq/l, respectively.

Next, the culture conditions for yeast was studied. Yeast cells cultured at hyperconcentra-
tions of a substrate suffer from the inhibition of the cell growth. The experimental results
showed that 1-5% of glucose concentration was suitable for the toxicity testing, Magnesium
promoted the cell growth, while Cobalt inhibited it. Both metals reacted antagonistically with
each other. Cell growth of yeast damaged by Co toxicity was repaired by addition of Mg to the
culture medium or also by the transfer of the cells to a fresh medium without Co. The extent of
the repair was found to be dependent on the concentration of Co and Mg in the medium and an
exposure time to Co. A variance analysis, a method by Stratton and an Isobologram method were
used for the evaluation of the pattern of interaction between two different chemicals. According
to these methods, Cd and Cr affect synergistically on the growth inhibition.

When microorganisms are used as a test organisms for toxicity testing, a relative growth rate
is often used as a toxicity index. However, a mechanism of toxic reaction on organisms is
considered to be different due to species of heavy metals or chemicals., Therefore it will be needed
to be enough investigated which indexes of toxicity should be selected from the viewpoints of a
mechanism of reaction, sensitivity of toxicity and an ecotoxicology.
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Fig. 2. Growth curve of Chlorella ellipsoidia
Gerneck in the medium containing Cu, Cd or
Cr(VI).
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Fig. 3. The effect of Cu, Cd or Cr(VI) on RGR
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Fig. 4. Relation between dry weight and the
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Table 1. Values of ECs
Index
Chemicals Lag 3rd day 6th day
-DW w-Chl  p-ATP .
time Chi ATP Chi ATP
Cu {zeg/l) 44 11 3 28 150 150 80 110
Cd {ueq /i) 80 65 100 100 400 350 200 130
Cr (weq/D) 270 — 250 500 - — 1000 1000
PCP  (mg/}) — <5 <5 5 7 6 30 55
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HEHPEEE

R OMEME S LT, o7 ) 7, B
Yo, i ERRIMEAR VST
5o MEBEREFCE~AEROIMROWBERTH
b, ¥ 27U T LOEFERCAL, ARE
2 TOHEGEMOEFALE LTHESIT BNT
W3, Ll, SHFRoESEmE Lol
K2 WTOFEPHI F 22D 0, RECIRBEETE
MO E 13 2R OL R, ATP R L
oWT O > WTHlR~N 5, BB S L
a—22HW, EHidh OB L 0~10% kX
I RORGOSRBERY, ATP EEEOH

BT BIEMI, AT — AE 0% THER
WEHONfDiE, BEiihic7 b risgEh s
HTH B, HEEEAEE O 4 ORI EOE
NEHLENALOT, THREED 4~12 I, 8~
12 M 0 £ h T h ot O BEE © 4 RERE &R
o (1/h) 2Rz, Thik Fig 8 IRy, —ik
i R & BRI & oBERs, RENEETF
e LTHRFD Monod EFAMCHENLILD
i,

L=tn SHKS) (4)
BRI A Bl P i B &, A ESHET ARn
o Fig. 8 b, Fo—PEREH 1% DLl
BLudfiiiFEAL—FETHELTWVWS, oD
T & AERIEFH St oRBOEEIcHV 3
156, AEREENEN RS T3 4EH0N

—292—



4, 10% Giucose
ol O 7% Glucose

& £ 5% Glucose
@ 2% Glucose
A 1% Glucose

Glucose (%)

0 24 48 72 96 120
Time(thrs)

Fig. 9. Time change of giucose concentration
in the medium.

10% Glucose

7% G
5% 8 UCOs
2
% G
Bhsigse,
Y

e
5
&
9
&
@
S

Py
Q
[m]
®
A
| B

ETOH (%)

a 24 48 72 = 88
Time
Fig. 10. Time change of ethanol concentration
produced in the medium.

120 (hra)

WC EFERLTWA, Fig. 9, 10 {diEicho 7w
I—2ABLU T/ —VIRE ORI ERLT
W, BEEONREE &by — RS
DL, 12~48 IS v 2 — DS
& LTHsn L, Fig. 11 EEMmia 1
EEtch @ ATP SEBERL TV, BEREE
E#%O 4 IS ATP BENEEH, 12~

glucose(%.)

——é'BO i ;__"__”5)
— i = EC T |
Fuofll

& it

=\

o

[

<

0 % 48 77 8610
time (hours )

Pig. 11. Time change in ATP concentration
per a yeast cell.

Ip
Mg:OmM Co =0 mM
e )t 5
3.
:{ Mg:2mM . .o
2 e s 0.0t
[ <~ o
Pt Y
[ Pt -’:.—-—-"/ 8 "
20 - sk 50
8 s
. Mg: [OmM S [+
) -—
I':’j 2r ./:a-"‘o ------- ~a--=-a Q01
- 01
- P P e LT G ; 10
s e AT RO .
" 5.0
é‘i;ﬁ-ﬂ/
I i 1 1 1 ;

1 1
0 a & 24 32 40 48 56 64 72
TIME {hours}

Fig. 12. Growth curve of Saccharomyces cere-
visige grown in medium [ under aerobic
condition.

24 WEHILIR I IITEE LBEIR S -1, TH
LR, S, BETHEEHRBOMBELTH
W, AREFEGEEERICAVIESETLO
12 BRI RKERBEERE, 470
o — ATHEHE, =7/ —ERBIES S VI
ATP SEREIBEICAV 384, 12~24 BER
OO F— s oEHT208EE L0 LEDLR
50

3. BEBoARSHCRETESEOMEEE
3!

31 =Ry s-a,590  OHEER

BROoERICL - THERREEZELT Co
&, EREHEMREHL5T Mg &2, EhE€h
0~5mM, BXU0~10mM OFET, & 15
Wy OHEEOHEME/ERL, ChicEREER
L, sHlasm osfengE b= E L foo £/, Co

—293—



< oz _/.’25 2_ /,__._._._._...—-
é - al Mg udded _____________ 9zmM _,
= oo g : 10mM: Aerobic, . < 120 5mM
S e T_. 2F . T omM __,
E .08 L L 415 O'{' e TN | Ty TN XY ey
: 0.06 _j‘_ "—...__ 4 9 10mM; Agrebic ;3; . 8¢ Co = OTM .
; i \\ h.th mArm rabi 1° {df :"‘ =1 ,,,,,__P;E‘EM,,.
S ooak Rt - = 4L Mo UUC'Ed - 1 R
<] ‘L_. pLYNy Is ? /- —
& oozl T T = 2 10mM __,
I I——---h—' -—!--——f"“‘l - 1
& Mg: 2mbl ; Angerobic r G
of  Thygohudrbuwedto . o E .
“ Hg s EmM Aerobie : g 8¢ . . Co= OmM
S T L 5 mM
O 4 5 s 7 8 5 1o g 2_ Mg added —".____:-:..L.'-.Q?."E e
o CONCENTRATION (m#4) - 5 [ - _{O;q___
Fig. 13. Relationship between the specific i o Sy
growth rate and Co concentration in o
medium L. &
4
- 2
1col- © Mg2mM =8 Oo
- 1Omk
- " - Aereh?c Cond. ’,’ TIME (hours}
& go). ~- Anaercbic Cond. L7 7 Fig. 15. Growth curve of Saccharomyces cere-
;53 S ;. visige grown in medium [I.
5 gol- /’ ;/ Initial Mg concentration; a: 0 mM, b 2 mM,
w Ay c: 5 mM, & 10 mM.
& a0} /2; o Final Mg concentration is 10 mM.
= ’ *
o F e
E 0% -
£l 7 ] o
z | T | CONTROL s A,
i o ’ — st e
ol o :f, d 6F P . .
el Lt - L I -
BXe] 0.l 10 10 4k Mg Cone.
I o a—s 4 mM
Ca CONCENTRATION (mM} s o 2t
Fig. 14. Relationship between the inhibition E g / bumu O mM
. 3 »
rate for the specific growth rate and Co con- i o 42’. B . : ) L L : s
3 : 1
centration. & Frunia e i
z T e
e b o 2 o
%‘%‘ﬁf%lm’ffg%ﬁ L f:ﬁ%ﬁ%?ﬁ?&ﬂ Mg mﬁﬁﬂu :% ! /'( ey inmnl CancM(;g Ciu
= T = - = = ! ot
BWEBAT, TOROHBOARENORTE -
. w 1
}EEJJ]‘ L 7":0 o L RUN I3 i-dﬂ;:’"u sy
Fig. 12 12853 (Saccharomyces cerevisiae) O - "
- H iy Co
B Td 5, Mg 2T 0 0ENpT RO P ot Conc. 2 1
ina onc.
HERED I -1, i*ﬂi:{_‘q:l@ Mg B oY {)['./. . 1 : : 1 \ EmM) ;
e & bicHiliaodEAEEs i, —H, Coilt 4l run -4 e . .
FEorine & biciilatE OEENKE LD, o jﬂ'--%r-"—ﬂ-'-—'-'-'ﬂ-‘-: My Co
otir ooy e 2 ' Initiol Conc. 2 5
Mg & CO ‘iﬁ%g_ﬁ@gﬁ& 1l & el Tﬂﬁﬁfﬁf&%ﬁﬁlﬁm - l_‘:/ Final Conc, 4 B;:‘
—. ! et L 1 I 1 I L framMi
L, SBRAENT S0, MIHEMEOM O~a "6 24 32 40 48 56 &4 72

) e o TIME (hours)
P4 EIEHEEITIE > & OREN B, KD o
Fig. 16. Growth curve of Saccharomyces cere-

SRS A BRI () 2R 7, visige, Arrows mean the time when Mg was
=(ln M\—In Mo)/T (5) added,

— 294~



Table 2. Values of ECy from inhibition rate
(a) ECs from cell density after 24/48 hr.

Time
Exp. Mg concentration
cond. 2 mM 10 mM
24 48 24 48
Aerobic 0.1 (.20 0.22 1.25
©.12)  (0.22) (0.22) (1.1D
Anaerobic 0.22 0.14 (.72 0.51
(0.23)  (0.12) {0.59 (0.50)

(b) EC: from specific growth rate.

Exp. Mg concentration
cond. 2 mM 10 mM
Aerobic 1.11 3.50
(1.35) (3.50)
Anaerobic 0.37 3.90
(0.38) (4.0

The values in parentheses are those calculated
from the Probit Regression Line.
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Co OB OERMFBLTIER (6) X515
15 IAERRIBEIC 72 2 L BN 3,
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Table 3. Percentage repair of cell density at equilibrium from different criteria (%)

Initial Final Mg concentration (mM)
IE{}E{JiJ cone. (mM) ) 5 10
Mg Co A B C A B C A B C
II-1-1 Trace 0 96.5 100.0 1000 97.2 1006.7  10¢.7 100.0 100.0  100.0
1-2 0.5 102.2 95.9 69.7 94.3 92.4 67.1 86.1 86.1 62.6
1-3 5 21.2 21.1 7.5 96.5 96.5 52.1 99.5 99.5 53.7
1-4 10 92.5 10.5 3.8 311 t0.5 3.8 11.3 11.3 4.1
I-2-1 2 0 (7.72) 103.6 103.6 100.0 103.6 103.6 100.0 106.¢  100.0
2-2 0.5 (5.08) 93.9 68.2 10L.9 99.8 72.5 101.7 101.7 72.8
2-3 5 (2.48) 61.7 33.3 96.5 96.5 52.1  100.0 100.0 54.0
2-4 190 (0.31) 11.3 4.1 88.7 15.7 5.7 40.7 40.7 14.8
0-3-1 5 0 (7.72) 103.6 103.6 100.0 106.0  100.0
3-2 0.5 (5.40) 99.8 72.5 100.0 100.0 72.6
3-3 5 {4.02) 100.0  54.0 100.0  100.0  54.0
3-4 10 (0.91) 33.7 12.2 100.7 0.7 36.5
H-4-1 10 0 (7.45) 100 100
4-2 0.5 (5.41) 100 72.0
4-3 5 (4.02) 100 54.0
44 10 (2.70) 100 36.2

Values in parentheses are cell densities used as control for each experimental group {g-D.W./L).

A: Percentage repair for the cell density corresponding to the same Co cencentration of the same column,
B: Percentage repair for the cell density corresponding to the same Co concentration of the Exp. Il-4,

C: Percentage repair for the cell density of RUN II-4-1.
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Fig. 17. Relationship between exposed time,
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Fig. 18. Growth curve of Saccharomyces cere-
visiae cultured in the medium cotaining Co.

Table 4. Degradation constant of glucose (k)

Co conc. (mM} 0 0.2 1 4 10
A 0.0834 0.0786 0.0365 0.0198 0.0068
Table 5. Effect of concentration and exposure time on lag time prolonged (hours)
Exposure Co concentration {mM})
time (hr 0 0.2 1 4 2
24 0 0 8 12 18
48 0 0 6 18 24
96 0 0 12 18 18
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Fig. 20. Relationship between the concenira-
tion of heavy metals and the inhibition rate
calculated from relative growth rate.

Co.
Table 6. Analysis of variance for specific growth rate
S s S=S/f Fy Fia)
Cd SA b SA= 0.206573 Fao= 37.4904 F5,36 (0.01) =357
Cr SB SB= 0.3476 Fyy== 63,0849 F5,36 (0.01)=357
AZH SA:B 25 SAB= 0.0115944 Faosno= 9.02438 F 25,36 (0.01)= 234
Bz SE 36 SE== 1.28478 E—03
SE’ = 551003 E—~03
EiR Sr 71
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Table 7. Interaction of Cd and Cr on the basis of inhibition rate (%)) calculated from specific growth rate
by the method of Stratton
Cd peq/l
Cr peq/i

1 10 50 100
0 0.0 11.8 8.7 19.5 55.2 93.7
100 17.8 27.5 49.6 58.5 63.2 94.8
11.4 42.3 53.4 57.5 92.9
200 9.8 29.3 50.8 59.5 G4.1 94.9
24.7 72.7 75.9 70.5 100.0
300 32.2 40.2 58.4 65.8 69.6 95.7
52.2 89.3 100.0 160.0 100.0
500 49.1 65,1 68.8 74.3 77.2 96.8
73.1 160.0 100.9 100.0 100.0
1000 66.7 70.6 79.6 83.2 85.1 97.9
87.4 100.0 100.0 1G0.0 100.0

(Upper part is expected value; lower part is observed value.)

Table 8. Interaction of Cd and Cr on the basis of inhibition rate (%) calculated from specific growth rate

by the method of Stratton

c Cd ueq/l

r neq/!

uea/ 1 10 50 100

0

100 ANT ANT ADD ADD ADD
200 ANT SYN SYN ADD ADD
300 SYN SYN SYN SYN SYN
500 SYN SYN SYN SYN SYN
1000 SYN SYN SYN SYN SYN

(SYN: synergistic, ANT: antagonistic, ADD: additive.)

cd {(peq/L)

h \
e 250 500
Cr (peqsL}
Fig. 21. Isobologram of the interaction of Cd
and Cr for the inhibifion rate calculated
from relative growth rate.

(059 mg/l) Td -1, COEM S Cric 2D
HEMHFCH L CHEOEES 2 2 L AFHah

%, Table 6 i3 Cd & Cr O E/ER % L EEYE
BAEEES LT, iR &390t oitE
ERLTODS, EEBROBEL X 2[ETH 5, EiC
RENTVB XD, Faoue>Fi(0.01) T, 99%
DEEFRRC S &I Cd & Cr oEEBZ YL
THEMCEEIHLERSED i, LEE
B EROH UM OSBRI > W T b S
aETE - o & T ARBRUERPE N,
FE{EM EARIRIER, RIENER, HiRe
TEF D =- D hid 3, Stratton OF k1R
DZDOBFARERDOLIBEZAATRHLLS &
T5H0THD, HEHMEEEC->VWT, THhE
PHERCH UL E{FWE A © a WENET
PY%, d5—FHOFWE B © b iMENET
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