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ABSTRACT

Physiological cellular activities responses to cadmium (Cd) exposure in green algae with several reductases
activities and viability of the cell were examined. The cell division of green algae, Selenastrum capricornutum
treated with Sppm was significantly decreased than that of normal algae. The mean cell number of normal algal
culture was as twice much as than that of algae at 6 days after Cd treatment. The cellular viability of algae was
analysed by flow—-cytometry with fluorescent dye after esterase reaction on cell membrane. The 85.35% of
cellular viability of normal culture was decreased to 34.35% when algae was treated with 5 ppm of Cd at 6
days after treatment. It was considered that those method of flow-cytometry is useful tool for toxicity test on
micro—organisms in the respect of identifying cellular viability. Also, the activities of both glutathione perox-
idase (GPX) and ascorbate peroxidase (APX), which are indirectly react against oxidative stress through reduc-
tion of glutathione by Cd were significantly increased with 25%. It is considered that both GPX and APX are
involved in the metabolic pathway of Cd-detoxification with similar portion in Selenastrum capricornutum.
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o]l Hhal|7|H oz AuE o= )t} (Waalkes et
al., 1984; Jin et al., 1986). 273 T A8 2
A Az Fa Fagel A 7AE A
7 ok 234l ST Axe) ARH £4e v
3}7) 98} Ascorbate®} glutathiones} 72 3HAbg-
Ao B35 73sA chelation, 342 £
3 429 24, Az W) SPAL] 234 A
2 5 F=3}2k8-8 A =3} (Tomsett, 1988). o€
gl $-£3}7]2bol = slelo] = 2 3l}ql phytochela-
tin (PC)3} metallothionein (MT)o] AlE-A W =%
% A58 20T UL e oz Yl
Qith(Howden, 1992). MTs¥ 8], 7t=#, o}ad s}
2ol A 71 glor] chelationdl] 2J3] AMsLE
£4e 29 T4 A%el 223 Awe ke
Aoz okelx] glv}(Hamer et al., 1985; Michalska,
1993). PC= AEAS] FushA Rk A}
Ao} elAl £ MTsh A Sadabsh whodel
HAHR] AEd ABARANANE MTsh PC
BE EA3= Ale) whe Aok (Rauser, 1999). PC
r 234 2 sl FEapl o) 2hae
279wl QeiAE PO Th= g, 7, of
A3t 2o o8 F=Do}(Grill, 1986). 28] A&
4, Yshsba, S 7o) o) glutathiones)
PC §4E& 93 AFA Al w3 (Rauser,
1995; Zenk, 1996). PC= AE8-M 2ol 7l=f3)
2GS o Fo] ZAV of AAE Axe
A 8ol Aol A%Ect of BgAlE pHel
Aol ol 2 BARE A, 2748 Sl g
AgE L& 7}xle} (Murasugi, 1983). o]ajel= A ¥
qtof] Z3= ATP-binding cassette (ABC) mem-
brane transporte]] 2]3] Az o|LEd o
transporter= 7}=HHHE o]lEA)F|X| = ¢kon o
Zabo]] &3} proton—-ATPased] 23t 4% %
Fulfell 2]&3kA] ok} (Ortiz, 1995). A Bl A %
A9 BE st=fo] Axz oj$HE 7]3te] g
A} (Vogeli-Lange, 1990).

aeiyg AlZ WelA devl= FE53|ztes
Asle] Al E2] Fol wel oA ALe] Rul) 3ol
o &3t Al =2 ey3}te) F= % (viability)e] W
e Ao} ok FRERAC B AT AA)
Aol AL A Az FHE Wl
qE ola S AAlZ 3l FAG 7]AE & 5 3
ot 2 dFoME H2F52] AdF9l Selenastrum
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capricornutum2 F}=Fo :ZFAFHE W Azy
NA 2] ubg F N ZAEES] AT T3 B$Y
= Wisle] gk BA wpg o2 Flow-cytometry
£ AHgsted o AR A4S wejstA sl %
E3E5el] #H3= EAE(APX, GST, GPX)9)
A x WM3E BAdFozy Fl=Fo| %FF9
M Z2Z8 Aol o531 H3tE doln vz} 34w

Mz o Uy

Algal culture

AN gl Selenastrum capricornutum (Chloro-
phyceae) (NIER-10005, Korea)¥= 4ol A A]A) 8}
= 5279 402 Bold(1949)¢) 2]3le] A
¥ Bristol solutiong 50%= &A%} wjeksiei).
Az Eeaa G Dol vk 218 A9 9]
(AutoClave : KMC-1221, Vison Scientific Co.,
Korea, 1993)& |43}y 121°C, 1.1kg - cm™*24
oA 308zt HHFA| 7|3, S. capricornutum®) Z7)
HEd N 257 2x10°cells - ml 7} HE2 27
G4 LGS 2 A A wETE =
ot AEAZE F 4Ll 2 WA 0ppm, 5
ppme] FEZ Jt=FE Fset Mgz
2% 25°C, = 45uM photon - m 2 - sec'2. H
Z|A)7]™ 80 rpm (revolution per minute)®] ZI€}7)
(Flask Shake : KMC-1205S, Vision Scientific Co.,
Korea, 1993)0| 4] 87t A€} vjofFsld

Flow—cytometry

MEe #FH w3 FACS Calibur Flow Cytometer
system (Becton Dickinson, Inc.)E o] 88} &3]3}
2, ‘CellQuest’ program version 3.302 XA3}g
o Aolals MES] YHws FPAL 3k
Mxete] FATE esteraseE ©] L3+ Fluorescein
diacetate ALY Bgstoich WA AEE
1x10%cells - ml™'¢} =2 FHale] HFat A )
R 2. eF3}A| A& 515} Fluorescein diacetate (FDA,
Sigma F-7378)= Smg/ml8] F=2 ojHEo] &
sate] ~20°Cel Hato] et} AHeF ol
120022 3|A3sled A3} d-foll Fo] FDAS)
AR o] WA 2] ¢tx2 sy} 3] A3 FDA stock
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A zatet L5 xelsle] 0°C o] 3ol A 30%
A5t e. FDARES] H3=g viwslr]) 13
2 35 AEE 100°CollA 1087 el A
g YxLo2 3gr}d Membrane integrity &S
2 8}ed Propidium iodide (P1, Sigma P-4170)% 100
ug/mle] *>==2 tris buffert} PBS (phosphate buf-
fer)ol] £33} 4°Coll F B3} PI stock-S A
Xojh L5 Helste] 0°C o]stoll A 3087 v}
2555 FDA 943} oAz PIare] §%s
£ v)m3}r] e 22 = HEZE 100°C
A 1087 g Axg dzLez 3o

=

fo 2 & e

Proteins

Z2FMEE QA28 7) (Centrifuge : VS-4000,
Vison Scientific Co., Korea, 1994)8- A}83}] m &
& pellet2- SCE buffer (100 mM sodium citrate, 10
mM EDTA, pH 7). 23] oA} )33}l t}. Pellet?)
Ry el e BuurEe] PK lysis buffer (50 mM
Tris [Trizma, Sigma T-1378], 50 mM NaCl, 0.0001
% [v/v] Tween 20, 0.0001% [v/v] Triton X-100, pH
8)2 73t} PK lysis bufferg 71517 A lysis
bufferoll protease inhibitors?] pepstatin, leupeptin,
aprotinin 28] 3 phenylmethyl sulfonyl fluoride
(PMSF)E 7z} stock solution (pepstatin A [Sigma
P-5318] 1 mg - ml™' methanol, leupeptin [Sigma L—
8511] 1 mg - ml™' dH,0, aprotinin [Sigma A—1153]
1 mg - ml"" dH,0, PMSF [Sigma P-7626] 17.51
mg - ml”!' methanoh) 2.2 R I3}e] FAs} 1y
lysis buffer 1 ml®] =2 v}z H7}slg ). Pellet
3} lysis buffer7} &+ 4} o] == pipettingg+ F
Ao} WA YA delod 4°CE HAT A
2 1024 33] A= sonicationd}g]c}. Lysatex= ¢
A1-8-2] 7] Micro 17R, Hanil Science Industrial) &
28,500 go 2 1hr £l 4°Collr Al Eesig]o
o S e Alg-sigo

Glutathion S—transferase (GST; EC 2.5.1.18)

Shal -2 100 pl (1 mg/ml 5-5)58] 8ked 20% Tri-
ton X-100& 25ul3 78 F 3087 4°CollA] ubx)
8}9dv}. GST-binding beadZ Z+7}2] micro tubesdl]
50 vheolx g3 27 PBSE 5~103] A
= A& 3} o} Incubatione] Ext © A& bead”}
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Eo]9l¥ micro tubedl] AT pipetting o}
Bead$} GST7} AT 4 U=F 4°Col|A 247+
E3t 3)&8kx]3)4] o} Incubation & A8 500x g
oA 1087 4°Coll A YAlRe]ste] AEd-g A|A
st} Lysate: X}7}-¢ PBSZ bead®] A7zto] ub
A d7kA] HH3tglel Pippetg o] 43t A}
Zdl& A718 & PBSE 10ulS A7k vortex-
ing3d}1 95°CellA] 38-7k #oA SDS-PAGEE 4=
skl

Glutathione peroxidase (GPX; EC 1.11.1.9)

50 mM KPOy buffer, 1 mM Na,-EDTA, 114 mM
NaCl, 1 mM GSH, 0.2 mM NADPH, 0.25 mM H,0,,
1 unit (mM - min~'y GSSG-reductased] E3tA&
A& $RHE e Sopg DAL AUk F 340
molA FHE7 27bsRe A S,

Ascorbate peroxidase (APX; EC 1.11.1.11)

Native PAGE

Pellet 3] 9] 2u7} === grinding buffer (100
mM sodium phosphate buffer pH 7.0, 5 mM ascor-
bate, | mM EDTA)E A7}8ld v} Pellet3} grinding
buffer7} & Ao|=% Egst F AAALE o4
8t wRpAPLoA] Zro} lysatesE 11,000xgo 2
1085<} 4°CE 4500 QARsled J3ae
Ao} o] AFZel-& sample2. AFE-3}9] T} Native
PAGE gel (5% stacking gel, 10% separating gel)=
o]-&-3}o] 4°CollA] 3087t pre—running3t ¥ sam-
ple-€ loading bufer (3 mM Tris—HCI pH 6.8, 25%
Glycerol, 0.005% Bromophenol Blue)2} 4o] gelol]
loading&}gict. 200 V, 40 mA AYelloljA]. A7) o=
& gel equilibration solution (50 mM sodium phos-
phate buffer, 2 mM ascorbate)-2 o]-£3}e] 1087}
HH$-& A7) equilibration solutiong .3 8} 3
3] k=3 c} (Mittler, 1993; Jin, 1995). Equilibration
& pre-reaction solution (50 mM sodium phosphate
buffer, 4 mM ascorbate, 2 mM H,O, pH 7.0)¢l] 20
7} WFg-A17]21 50 mM sodium phosphate buffer (pH
7.002 13¥7F AlA3slg ol Sample-2 reaction solution
(50 mM sodium phosphate buffer, 28 mM TEMED,
2.45 mM nitrobezene tetrazolium pH 7.8) .2 10~
1587} WHSAI7) 2 dH,02 A3 st
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Cell number ( x 10° cells/ml)
W
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Days after cadmium treatment

Fig. 1. Changes in cell numbers of S. capricornutum during
6 days after cadmium treatment with 5 ppm (O ) or o
ppm (®) (2 days:t="7.7, p<0.005; 4 days : t=10.7,
p<0.001; 6 days:t=18.1, p<0.001).

Spectrophotometry

25425 JAEe)7] (Centrifuge : VS-4000,
Vison Scientific Co., Korea, 1994)8 A}-8-8}e] ».2
& pellet2 TAE buffer (50 mM Tris—-acetate buffer,
1 mM EDTA)Z A3 d}. TAE buffero 330 mM
sorbitol3} 50 UM ascorbate S H7}sled w2 ME
o] Av}eke J3 sonication 3F3c}. 30,000 goi) A
087 £CE FAH QBT F AEAE
¢} TAE bufferel] 3 mM Hy0:2} 2mM 2] ascor-
bateE 7|5t £ AFZ=alS 100 ulg 2 290 nmof| A
FU=e 24sh

Azt 9 DE

279 wjAel 5ppme] Fl=EE AHHL o
FteBE AP g AT 272 A 5
A3 dopd g Fal & 4 sl (Fig. 1). ¢]
F 22k Jl=R A F 74 4d HIFAEs
Hlae A t 3 F 2F I52 {3t AolE B
o4 (2 days t=7.7, p<0.005; 4 days t=10.7, p<
0.001; 6 days t=18.1, p<0.001), 5 ppm<] cadmium
A % 694 FF A=Z 47t 3.59%x 10 cells -
ml™'2 cadmium& H3}A] o2 wiz|o] M= 5
ol 6.78 x 10°¢cells - ml ‘el ¥]w3}ed 1.99)2] X}o]

el
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Table 1. Specific Growth Rate (SGR) of algal cell treated
with 5 ppm or O ppm of cadmium.

Cadmium (ppm) ~ DAT" 0-2 DAT 2-4 DAT 4-6
0 0.180540.048 0.1225+0.012  0.1703 £0.005
5 0.0833+0.052 0.0530+£0.017 0.0157£0.015
P ns? 0.005 <0.001

UDAT = Days after cadmium treatment.
Ins = No significant differences after independent t—test at o=0.05.

ot =3 J2& iAol H57)17e 77
Al HE F 4444 7t=FE AT 6k A
294 =y GRE AE L] ] AR
ol A MERGd 3 Az A
Abgt 2 F5A 29 AHA A& (Specific Growth Rate,
SGR) Ak oM = Frel¥ ], independent t 733 ol
2)gt = 9] i SGRE 7h=FAg] F 2U7A
o] wistel ARt 23 Abelg EbAl 4ty
=] 493 647A Y HlRAME BF D52 H
23t 2ol E T 4 SUsicH(Table 1). &, 7t=%
He] £ 2ol =8 A Al e} s}
=FE A=A &2 wiA«A = 0.180544
0170302 JhAAEo] A5 e el Fhe
& A28 wjAo i 0.0833404 0.01752 7}
=g 3 Alzid 27 AdEE A &
Uit

Flow cytometry g ]88 w=" A=ze] $H=
FA A ZFA =z HF 7= GS &
g 4~ 9)gl v} (Fig. 2). Propidium iodide (PT)+ non-
permeant dye® ZA7}3 Az 2 F471 HZA
ook g £ Az FAE AT A8
g2z Qs MEe 75e] A Mzas A
E3)e] FALatolol] AFIE]e] red fluorescence S 1}
epfA Hot wetA 2FAEE 95°CollA 1027
Hle Aozl BFE & AEE 25 PId4ql
left areacl] ¥-%3}7] Hi=d e Rl 94Fo=
A$ALE PO PF=r}t £ oz J=HS
2] gt A Zol M left area®] ¥-27} Jh=F-& A
2aA] g AErg Y2 s #HJdd 4 A
o} (Fig. 2. A). 398 fluorescein diacetate (FDA):=
permeant dye 2 A 2V 2. Eoi7}A] = esterased]
2}3) diacetate groupo] cleave off ¥dA] 7}t
green fluorescences el A Eo} alepbr] FDA

do afn

R
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Fig. 2. Comparison of cellular viability by Flow Cytometry with perception of fluorscein emitted after enzymatic reaction
with FDA (FL1-H) and PI (FL2-H) (see text for detail). A. regular algal cells boiled with 95°C water. B. regular
algal cells—control. C. cadmium treated cells 4 days after treatment

T AeBlE Axs #2328 9 A 5 o
Right areal= FDAS] ooz e2mmoza x93
42 FDAY 37} =& Aoz 95°C= A3
L2 M EZA A= esterase activityE B 4 ¢lo]
right areal] o] EAIHA] U} Fh=F-& A7
4 g A Az Pl Y3t B2 uw
FDAS] ¥F=r w9 Flon 7t=g-S g 9
28] =% AxE P19 ¥F=r) st=gS A3}
A & Axrch 27183 FDASY §3wrt e
act =8, 7l=ES A drie Az}
left area ol M= ofgf BHEe] e AL B 4 g)
=l o) A2 esterase?] activity:= AT+ HA PI
9] 33}E WA FHE= leftaread] R0 2 migra-
tions}ed, A7} 03] FAT GsbA Sl

28k AE# 22 @18 membrane integrity7} o}

=% g 4 gl

Esterase®] Al o=m A Zol 3} viability7} 3=
o3l B 4 Q)= right aread)] W3 7k {0 Abdl
A FxAAA Ft=ES AEA g2 wiACA =
85%2 Hl=g By ovt Fleg-g A2d wjA]o
M 34%2 W2 AEE B slege A3 A
284 A3 gl & 4 Ul (Table 2).

3 o5 M= AlelF ™ viabilityS FDAo
uFH2-35t esterased] A A=) i3 s Mz
|8k A7 stegS AR ¢4 A7 =
M x9] B} maturedt M2} AR o7
g3t 7 =79} P eo) 8 o AEF
o2 ofiFe] AFAAAA Mz Ao w2 F
A4S 2w REe Jlege Xesh )
Jel| Ae] B(RFFLE Fdel HFH] 7h=F

o
:lm

r«lm o e
4

N
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Table 2. Relative cell viability (%) by Flow Cytometry
with FDA (right area) and PI (left area) in normal
algal cell (control) and cadmium treated cells at 4
days after treatment. The cross border lines in
center on the ordinate indicate for complementary
effect from fluorscein perception by algal cells,
which determines L (left area) and R (right area)
(refer fig. 2)

Regular Regular cadmium-—treated
Phase heat-treated  non-treated cells 4 days
cell cell after treatment
UL 82 10 26
UR 0 3 3
LL 18 2 35
LR 0 85 35
50
40-
301
§ |
&
&} ]
20 7
10
0 . . —
10° 10' 107 10° 10*
FL1-H

Fig. 3. Ogive overlay showing shift in esterase activity with
FDA (FL1-H) of Selenastrum capricornutum cells
[without cadmium (—); with 5 ppm cadmium (—)]
after 4 days exposure.

% AN At Az 7+ ARF7)7F 1Y
Heol vk A& o & UdEH(Fig. 3).

Aze] Az HpHolx 42 Jt=FH}
FEE] MEviz $45=E e sie A=
Z3459 74 %7 SsiA MxEe &
45 E3X)7)| A} plasma membraneol| 4] efflux
AT o) Wgozr FI60 FUYE R
& St gioh Fhefe] AlZuz EejeA H
2 71x9] ligandsell ©]s) M| ZAIAM chela-

lo

¢

el m
[

%z

B At o o
8 8
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Fig. 4. Comparison of cellular size by Flow -cytometry

with perception of size (FSC~H) and density (SSC~
H). A. regular algal cells boiled with 95°C water. B.
regular algal cells—control. C. algal cells 5ppm cad-
mium after 4 days exposure.
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tiono] =1 phytochelatin?} cadmium®] -3~}
oz Nzl A o] Hr}(Marschner, 1995). ©]
A FF4 753 AANAM A7 PC-Cd
complex®} 22 chelation¥l E&5-2 A Zufjeof #
el Hruz AxAAe =77} AAA =} Fig.
4ollA B A Zo] 95°CellA 1077 kA7
AE A =8-S AR 42 Ax®B)E Al
=719 W3t A9 e AE & 4 e, gt
=H-& T8t AM|=E front scatter (FSC-H)7} <F
20|Ax 2718 AL B 4 ¢lt}(Fig. 4. C). Con-
focal-& o]&3}e] A EZAR-S #38 A7} (data are
not shown)dl| M = 7}=R-& 2jz|slr] e N x=
FDA2] 33Fo] 7}slx Ao HERGFE 7H4]3)
I e B, RS AR AlEs AEze &
ool w|AAIM oln PIO] 3Fo] A= o, of
Z Az Ho] 3% Bfog HEAAZPLH, F
Fool Az ez §RE W Fa4E ¥53
317] #13) chelation® BHES A oz %
AIA AR 517] wEele & 5 gl
GST+ glutathioneol] Fg4 %2 congugation
AAFE= &4 o|th GSTE molecular weighto] 26
kDao| 22 size marker2% 3¢l ie} GSTE 3
A FAE AT ew) Al 2sHel 47
olg3 W3d 4ud 54 BAEL DY
glutathiones} A8 A 3}A 3= &4 ojck(Coles
et al., 1990; Mannervik et al., 1985; Pickett et al.,
1989). GST= &= 2] glutathione (GSH)
HAAA EA Abole] phase IT conjugationg 34
=5 Zujslr oA HAH conjugateE-> ¥
Aol AR Axo] Az w M= o]F3}
of BEAeln] S8l BAe] F7 BHL A
Qg w3t GST= Az W E9WelYe] S
Wbl o2 SA4o] 9l E2& Al A% (Man-
nervik et al.,1985; Pickett et al., 1989). ¢]Zre] 7}=
BE A2 Az DUl GSTY w7t ¥
o Ze %l A ke BRI AT
shte] A2 Afelety AEE 4 ok (Fig. 5).
GPX+E AlZ oA H.0.9} GSHERE] GSSG
(oxidized form), alcohol (ROH) 2 E& AA3}=
vl2-& Znll 3l &4 (Pierce et al., 1978; Chance et
al., 197924 A3} 48 A5t @44k
4L A5 g F3shs &holvh (Chow
et al., 1972; Player et al., 1979; Chance et al., 1979;
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1 2 3

25kDa

Fig. 5. Comparison of GST induction normal algal cell and
cadmium treated cells at 4 days after treatment. SDS
-PAGE results done by GST-binding bead pull
down method [lane 1. marker (25 kDa, Restriction
endonuclease Bsp 981 in E. coli), lane 2. non-treat-
ed cell, lane 3. 5 ppm cadmium-—treated cell].

0.8
‘g 0.6
S T
& 1
=
g 0.4
e
<3
2
2
< 0.2

0.0

Control Cadmium S ppm

Fig. 6. Activity of GPX in normal algal cell (control) and
cadmium treated cells at 4 days after treatment (t =
3.6, p=0.022).

Wendel, 1980). ¥ & 7t9] GPX 3=+ t AL
B3l f8 zo]& R (t=3.6, p=0.022), 7}=
& AT A 25 & 4L Bl Ao
2 el (Fig. 6).

APX®] A= sl=fE X3 AEer A
24 5 %o} (independent t—test, t= 104.8, p<0.001)
(Fig. 7). APX: native PAGEZ o] &3lAls X%
2 By, geld W A= oS AR
A2 Azl B} ol =HA Zr)slo(Fig. 7.
A).

7 B
=259 Selenastrum capricornutumel| 7}=5&

5ppm 2] 3t5& w A EolA dojubs 2HAE
9] B (viability)9} FPEAO) FHTE T
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1.9
1.8
1.74
1.6
1.5J

1.4

1.34

Absorbance at 290 nm

1.2+
1.1+

1.0

Control Cadmium 5 ppm

Fig. 7. Activity of APX in control and cadmium treated
cells 4 days after treatment. The values are means +
SD of three independent experiments with three
replicates (t=104.8, p<0.001).

& 53} Jte oldlE 4 =S Wss
2 Fe] deiA Fhegel diF o= vepd
= QAR M x8g9e] 7F4 9} Flow-cytometry
o olg Azel Femel Asz Falo] ehgteh

=3} FF&) 9 oF7|HE: oxidative stress=
) 435l7] 938 peroxidation FE FAQ APX}
GPX activity7} Z7}3& B9 3, glutathione&
conjugationA] 7] GST9] activityZ} FolAl 224
GSH®] o]-g-o] s3E & 4 AU APXE]
#Ao] ¥obilel wet ascorbater} FAE 2H3)
t Axy FAEA Fol dhtl chitin®] Ao

ZAFR] 23] AEH o] AlLEe] MERF
I 72 o] FAFHUR = APXE FAHE
hlalo] Fh=gol 28 inductionHE AL #ql
shadet.
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