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Effects of heavy metals on contents of various phosphate

compounds and organic compounds in Chlorella cells

LEE, Chong-Sam, and Young-Bock LIM

(Department of Biology, Sungshin Women’s University)
ABSTRACT

The effects of heavy metals on the growth rate and phosphate metabolism of Chlorella ellipsoidea
cells were investigated. Chlorella cells were cultured in the media treated with Hg(0.3, 0.7, 0.9
ppm), Cd(1, 5, 15ppm), and Zn(l, 5, 50ppm) for 6 days.

Aliquots cells were taken out at the inoculation and at intervals during the culture, and measu-
red packed cell volume and optical density. The inhibitions of heavy metals on the growth rate and
chlorophyll contents were traced. Also after 6 days culture, the amounts of inorganic phosphate
and organic compounds of various fractions in Chlorella cells were observed.

The turbid effects of heavy metals on the growth rate and chlorophyll contents of Chlorella cells
were in order of Hg>Cd>Zn. Because heavy metals depressed the biosynthesis of inorganic polyph-
osphates and nucleic acids and turn over of inorganic phosphates, the amounts of varions phosphate
compounds were decreased. The inhibitory effect of photosynthesis by heavy metals resulted in low-
er contents of carbohydrate. Due to the turbidity of biosynthesis of amino acids by heavy metals,
contents of protein were reduced in comparison with those of control.

1t is suggested conclusively that the minimum concentrations affected by heavy metais on the

growth rate and phosphate metabolism of Chlorella cells were 0. 7ppm Hg, 15ppm Cd, 50ppm Zn.
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Table 1. Effects of heavy metals on the growth rate and chlorophyll contents of Chlorella cells

which were cultured in Hg-, Cd-, and Zn-treated medium for 6 days.
Conc. of Days of culture
Metal heavy metal 0 1 2 3 4 5 6
(ppm) ——Packed cell volume (m//L)——
Hg cont. 0.53 3.7 5.10 6. 85 10. 24
0.3 0.53 3.33 3.99 5.90 8.58
0.7 0.53 2.29 3.33 4.76 6. 66
0.9 0.53 1.19 1.90 3.24 4.95
Cd cont. 0.53 3.16 4. 10 7.05 8. 84
1 0.53 3.25 3.70 5. 90 6. 80
5 0.53 2.67 3.53 5. 53 6. 48
15 0.53 1. 39 1.45 2,48 4.00
Zn cont. 0. 55 3-33 5.15 6. 85 8.30
1 0.55 3.14 4.90 6.66 7.80
5 0.55 2.95 4.55 6.10 7.42
50 0.565 2.58 3.60 4.57 5.73
——OQptical Density(ODgg0) —
Hg cont. 0.23 0.58 1.25 2.18 2.76 3.68 5.15
0.3 0.23 0. 46 1.02 1.80 2.36 3. 15 4.30
0.7 0.23 0.27 0.52 1.04 1.52 2.34 3. 60
0.9 0.23 0. 20 0.21 0.54 0. 90 1.60 2.40
Cd cont. 0.13 0.49 1.00 1.78 2.64 3. 84 5. 20
1 0.13 0.45 0.90 1.62 2.37 3.03 3.44
5 0.13 0.37 0.76 1.22 1.70 2.58 3.00
15 0.13 0.30 0.46 0.52 0.56 0.98 1.48
Zn cont. 0.24 0.38 1.05 1.90 2.67 3.48 4. 00
1 0.24 0. 36 0. 86 1.80 2.43 3.05 3-4D
5 0.24 0.34 0. 83 1.62 2.37 2,44 3-30
30 0.24 0.32 0.76 1.36 2.07 2.37 3.05
—-—0Optical Density (ODg40)———

Hg cont. 0.17 0.41 0.88 1. 54 2.00 2.70 3.70
0.3 0.17 0.35 0.74 1.28 1.68 2.25 3-10
0.7 0.17 0.24 0. 49 0.82 1.20 1.77 2. 45
0.9 0.17 0.22 0.23 0.45 0.69 1.10 1.72
Cd cont. 0.11 0.33 0.72 1.21 1.86 2.70 3.72
1 0.11 0.30 0. 66 1. 16 1.80 2.28 2.64
5 0.11 0.26 0.58 0.92 1.15 2.10 2.40
i5 0.11 0.21 0.39 0.44 0.50 0.75 1.28
Zn cont. 0.17 0.29 0.74 1.38 1. 89 2.49 2.95
1 0.17 0.28 0.39 1.28 1.80 2.25 2.60
5 0.17 0.25 0.58 1.14 1.74 2.13 2.43
50 0.17 0.25 0.53 0 1.50 1.65 2.18

.98
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Table 2. Amounts of various phosphate compounds and UV-absorbing materials in each fracticn

of Chlorella cells treated with heavy metals after 6 days culture.

Heavy metal Hg Cd Zn
Fraction ppm «M/L ppm +M/L ppm uM/L
PCA sol. total-P cont. 810. 6 cont. §85.2 cont. 700. 8
0.3 570.9 1 671.8 1 584.4
0.7 427.7 5 £95.2 5 555.9
0.9 415.9 15 371.3 50 757.6
Lipid-P cont. 376.4 cont. 422.7 cont. 362.6
0.3 365.2 1 303.8 1 366. 2
0.7 273.0 5 324.7 5 308.1
0.9 214.3 15 202.8 50 300.1
Ortho-P cont. 2. 463 cont. 2.763 cont. 2.551
0.3 1.293 1 1.712 1 1.710
0.7 1.149 5 2,072 5 2.702
0.9 1. 067 15 2.108 50 11.214
Nucleotide labile-P cont. 7.225 cont. 6. 006 cont. 6.130
0.3 5. 603 1 6.216 1 6. 782
0.7 4.705 5 5.946 5 8.046
0.9 3.038 15 3.568 50 15.230
Poly phosphate cont. 127.1 cont. 147.7 cont. 121.4
0.3 67.2 1 154.1 1 109.1
0.7 38.2 5 121. 6 5 108.3
0.9 57.1 15 381 50 103.0
RNA-P cont. 507.6 cont. 588. 2 cont. 477.0
0.3 410.9 1 507-3 1 429.0
0.7 285.8 5 450. 3 5 391.4
0.9 270.2 15 223.3 50 312.5
DNA-P cont. 310.8 cont, 356.2 cont. 300.7
0.3 223.3 1 230.9 1 234.5
0.7 244.3 5 252.1 5 233.9
0.9 168.7 15 188.6 50 202.3
Protein-P cont, 184.9 cont, 236.0 cont, 211.7
0.3 157.4 1 160.8 1 175.9
0.7 121.0 5 178. 4 5 169. 8
0.9 87.8 15 101.4 50 125.7
——UV-Absorbancy at 260mu
ppm OD/L ppm OD/L ppm OD/L
RNA cont. 1.41 cont. 1.13 cont. 1.29
0.3 1.16 1 0.92 1 1.16
0.7 0.97 5 0.87 5 1.05
0.9 0.80 15 0. 46 50 0.90
DNA cont. 0.26 cont. 0.20 cont. 0.26
0.3 0.18 1 0.14 1 0.22
0.7 0.18 5 0.14 5 0.20
0.9 0.12 15 50 0.15

0.09
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Amounts of ninhydrin reactive sustance in each fraction of Chlorella cells treated with

ing materials in DNA and RNA frac-
tion of Chlorella cells treated with he
avy metals after 6 days culture.

Heavy metal Hg Cd Zn
Fraction ppm «M/L ppm eM/L ppm «M/L
Free Amino acid cont. -540. 3 cont. 565. 6 cont 417.3
0.3 268.7 1 219.9 1 270.9
0.7 163.0 5 249.5 5 243.6
0.9 119.5 15 213.4 50 155.8
Alkali-labile protein cont. 902.1 cont, 908. 4 cont. 893.7
0.3 484.3 1 557.5 1 386.7
0.7 347.6 5 585.6 5 769.2
0.9 270.4 15 107.1 50 838.5
Alkali-stable protein cont. 496.2 cont. 531.7 cont. 491.8
0.3 557.0 1 301.8 1 715.2
0.7 379.8 5 205. 3 5 621.8
0.9 120.2 15 117.8 50 672.6
Total protein cont, 1398.3 cont. 1440.1 cont. 1385.5
0.3 1041.3 1 859.2 1 1101.9
0.7 727.4 5 790.8 5 1391.0
0.9 390.6 15 224.9 50 1511.1
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Table 4. Amounts of carbohydrate (glucose equivalent) in each fraction of Chlorella cellstreated

with heavy metals after 6 days culture.

Heavy metal Hg Cd Zn
Fraction ppm «M/L ppm uM/L ppm «M/L
PCA sol. (glucose equivalent) cont. 689. 2 cont. 674.0 cont. 641.6
0.3 569.0 1 577.1 1 540.4
0.7 342.7 5 560. 4 5 515.8
0.9 219.1 15 287.5 50 437.2
Ethanol : ether sol. cont. 494.3 cont. 430.8 cont 361.1
0.3 457.0 1 317.7 0 277.2
0.7 341.9 5 312.4 5 258.5
0.9 210.3 15 147.8 30 270.4
Alkali insoluble cont. 414.7 cont. 817.9 cont. 639.1
0.3 495.0 1 910.2 1 539.5
0.7 295.7 5 963.0 5 381.7
0.9 171.3 15 378.1 50 264.3
Total carbohydrate cont. 909.0 cont, 1248.7 cont. 1000. 2
0.3 952.0 1 1227.9 1 816.7
0.7 637.6 5 1275.4 5 640. 2
15 525.8

0.9 381.6

50 534.7
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4B REREE REDY 4 HgE lppm
oz BEatE oIy 245k DR A LR
e ded)e EEstd 2, Cdel 7 50ppme-
Chlovellas| 3l 2% 48 LA Hg 1
ppmiEEESH T BHRE Jeh R olst
zro) Chlorellas) 4 Hgs Cdolut Znnvi= Ag
4B EIRS AR ok EEEE R sits b
By 7o) e Agew vtz Chlor
ella 53 SEHRS Wl = MHE AR
Aoz HEs A

whebd] EME EEBEo) Chlorellad]
HEFE Gl vl X Wif ZEe Hg>Cd>Zn

< Hez FES A o2& SungiE(1981)0]
13te] #&E ATPYE 0ol vlA & ofe]s}r
LB WHIEDE EF dA=E Aok =
gt De Filippiss} Pallaghy(1976)%= Zns} Hgr}
BEMHE EARSHE S BRI(L - BwtAlel dEde
o]z, De Filippis(1979b)+&= HEMES TS B
{22 13t EEFES s¥7h 2 ==y o B
fahe g0l 45 - 38l AdA A5 34
b Qleba et Bl R EHEgl A BlEd 548
of MEIHR I st - e AAdY JH
ek dA =gk

ol A A £8 vhsh ol BE FHEEE o)

{o

E
7FA E&BA st Jehpel WEE e #
HotA . st Sk dutebrle] 9o
4] Cd(Bazzaz#:, 1974b) 2 Pb(Bazzaz, 1975)
o ¥R, a3l 9lelA Cd, Pbel Fg(Huang
01974, Mzl glelA Hg, Cd, Pbel &
# (Puckett, 1976), x5l oA Cdeoj 4
(Lamoreaux¥, 1978), A-F74 A2l glof4f Cd,
Zn®) g (Porterss, 198142 HEEsld vl o
218 FAH FHERS EeBd AT HERE
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36l Felahe Aoz ke

fEs Z 2] iR el /E{vikel = ATP$ pyrophos-
phater} /] (Kulaev, 1979)3}=d] olw Iamy
A BERLIEE-<r Pl pyrophosphates} 7
BE mEs) TR RS RS S F
me® ol 3y of(Baltchevskiis 1971; Kulaev
4, 1974). oF8-2] uncouplingS #HiEAlY)= &
- Rl ime] el Ry e Fo
ool g7k olvh (Kulaev, 1979).

o] 9} of2-#] Miller’: (1973)3 Koeppeel Mil
ler(1970)+= Cd} Pbr} JEFifgfbel dsbel B
b5 PIdlst =24 A=} energyxl ol of gp o
Tt yesshe ov), Mustafa®lk Cross(1971),
Searls?t(1961)-& Cdo] A=A 2+ KJE thol| deh
ydrogenase[Z il PHIEMHE v|A 2 2x A=A}
A A=A 2 s g o)

&gk Jacobs#:(1956) 2} Bittell%: (1974) 2 Pb,
Cd, Zno| &) LB MEE  2at olg)
Y& PB4 £ uncouplinge] HiEd otz w14
th o}&-2] Cd-2 mitochondrial ATPase(Must-
afa®} Cross, 1971) 9 myosin®] ATPase(Lipkan,
1970) & #7515} 3 mitochondrial respirations} 1
19l uncouplingf#E i, ATP levelE Wi/ (Keck
1978)4171# Hg 4] ATPase?] {fithe @A) 3
A 1 ok (Chang 4§, 1973). ATP2] fnzk /5ol

tlA e EERO MBEe B4l ATPE:
PRyl mers ATPased TRjEHALA 7] 7]
o] F-o} t}(Sung, 1981).

sk Aol Ee & SEA®e Wb, A
AR g2l Ak, uncouplinge] i, ATP level
o) WUNE Qshe] fEMkEel BiRRSl Aol U
Bl = TS AREH A WA A ) e
o RN A e ek

Chlorellac] 21 fiwis5-2] 13 o)
oted, Miyachi% (1961a)-2 2o)pifs “C”71 &
B PMECAYE B s »), #(1964) =
EEBEIEACTS BifRol el M “BYmiMe
Aol WRE etz S e, & Bl 4] =
Chlorellas) 1748l A7) JH% o) s (52
BEfE “A”, “B7, “CT) Hr RV FE] Bk
FEPHRCAT S Srifsl gl el whel ] el
o5 TR EERUBVE el BIEeCT 2 E A
2o e 2ol BB od m

rir

A o
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A7) B BT el
% el A0 2 e o

ThEre] o

Protein-bound phosphate (Miyachi%, 1961b, ¢),
BT (Lee, 1957)2) feMeMA-&  4mis =) i

R i S A L 2\ el A =

Higpltiell ol sbo, AmEEE o) BIERS) /i fypo) Bllsk
H9lE 8 ok o} MmEE W‘é‘%zﬁ—_ E] protein
-bound phosphate 31 BflRT1e] MBS o = o)

o] M=ol ime] WhE Ao w Hiww
of. g Chuff(1972) - Znotb 9] w4 9)
= BHREH AEE WA D st sd olw
A R W RS A

BAfke] TR fEHE e RS A4S pyr-
ophosphateJZ el <&l F/Hslmzn ME o
5ol 9leh. & ATP, GTP, CTP, UTP(TTP) =
5-E| pyrophosphatesl #Es(RNA, DNA)o] ey
JE ™, 1714 A7l pyrophosphatel= 4w Lz
B ARetA g u(Kulaev, 1979). =2y}

bRel e vhel ol FEeB od AAA
ol el B ia)  energyd o] It}
ATP2] fpkel #Mils] =, wheba RNA ¢ D-
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o HRE MH=E Aoz Be=E oh%e] me-
thyl mercuryt= $TIEE A4 DNAZK S
W EE 2o (Sakai, 1972)3te], A A E
o] RNA%G B S i/ (Venugopals, 1978) A 7] th.

ol o} 72 DNA £.& RNAARS #fIg of
%, Miyachl%(l%lb,c)% Chlorella®] Wi
B Fgel A DNAe] Imsgpimgse  ImBiZ el
oz e #ms]) RNAo S45d M
--ﬁgﬁﬁg@] QY- MRS WAy Iy
A WHoEel A DNA-PO] Hi/he fmpe -] Ui
M%n‘\_ 2 %‘L’ obu o} JmBk % ] ko =4
Bif?}[é‘z o ol [HES 97 Wl Fol Hog A
glu] RNA-P:- /.kutfz@iaoﬂ A IR
BAzEA o] HHE <& MHl=l Ao = Fel
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2 HET 4 9
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5 7] W Fol e}z EgEl o}, =3 Hgrl glucosed]

A W E BUbA #] o (Venugopals, 1978)
s e, K HE A BAaEt 58 (gluc
ose equivalent)?] Rty GHEel E BELB

o fstel AA whE AL Sl Hide o
=] =l o}

HEZ Bikd BELES
pteridines, porphyrins®] cysteinyl¥} histidyl
A9k uk$-gbe], Hgel Cd& thiol groups} i
RSt W Zni carboxyl groupy) of £ %
s A o}(Valleest Ulmer, 1972). =3}
nitrogeno] ofvlxite g HKsE = A+ TCA
cycled] FzLal%¢l a-ketoglutaric acide} oxal-
acetic acid® Flpgeh. zefvh mEkl st
of ipaRo] IFIE o B i (Jacobsi, 19563
Keck, 1978; Spalding, 1978, 1979; Sung%, 1981)
A oglov] RAR G TeE oekel Mk
Qi wb ofwl =4t inﬁkcﬂ = 22 s A
FELE a8 94 EE o (Huang®, 1974). 2
2} Zne BEEL w8l obmlabe] frike]

protein, purines,

L

el

H

i

4k Bige= Chlorella ellipsoidead) v 2| BEE&BY WEHS #Akstdd ol

Lee & Lim: Effects of heavy metals on Chlorella cells 37

¥l 5. E73Fx alkali-labile protein®} alkali-
stable proteino] <¥zbel HEinE vleld AL o}
vl x4l o 2 BE  alkali-labile proteinz} alkali-
stable protein®] &gol = Znr} szcohx] %R
]S v A ZA] W E Az et

ZEske] o] 43t A Hatel] Wk fe o
t}wd Chlorellad] A3 ¥fgFohe] g &
B MdHls BELER, EHE BENE 28
J??P choka gl PR He>Cd>Zne] JH
o8 Hggs vk, mel AR MY AR,
SEHRERTR S MASHA R MRS /EOEC) EHE
Jgel e fHES G er, ol& Qe ol 7}z
PR aWe EaEel BhEsich obge EE
M CARE WEEt 2 Pkl Gaed
Far ofu] =k i e IEist R E HRAE
whEel WNBURE B F 9

[Ee) ;‘ﬁ“}
19l iy vheE ¢ )

# 4 WA AAaZsE

ol Aoz

o

Chlorela®) 4
SERE 28 B

K ®E 24 Hge 0.7ppm, Cd& 15ppm, Zn
+ 50ppmel Ao 2 = o
L3

, Chlorella® Hg(0.3-0.7-0.9ppm),

‘Cd(1-5-15ppm), Zn(l-5-50ppm)7} BEELR el 6 R0 KigEA o 1’2@ ek BEEE ROl fiRES M&Eﬂ‘ﬁ

packed cell volume ¥ optical density(660my, 540mp)& HE st Chlorelia)
o fIE

ELBY MEHES Ebelg ok 553 RPN —dE
9 HlEe AlRES }HEELS’% Molgeste] #igistal et
Chlorella®) H: %zl I8k &
2 ghine) AA R, ARHsEEel sl
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el ol R bl s
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(Hg), 15ppm(Cd), 50ppm(Zn)sl H oz Ws gt
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