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Increased Uptake of Cadmium by Surfactants
in a Cadmium-Tolerant Yeast

Hyung-Ik Song
Department of Food Technology, Taegu Technical Junior College

ABSTRACT

Cadmium uptake by growing and nongrowing (intact) cells of a cadmium-tolerant yeast Hansenula
anomala B-7 in the presence of surfactants was studied. In growing cultures the addition of Triton X-100
or Tween 80 increased cadmium uptake by about 306 with no inhibition of cell growth, and in intact
cells Triton X-100 increased cadmium accumulation by ahout 80% compared to surfactant-free controls.
Considering balance between increased uptake and pollution, the addition of 0.1% Triton X-100 was
preferable. By the mixed addition with defoamer silicone, during growth of cells Tween 80 or Triton X-
100 enhanced uptake efficiency of cadmium compared to its single addition, whereas in intact biomass
each of surfactants tested had no significant effect on cadmium uptake. The uptake of cadmium was ob-
served to rise sharply to a maximum and then declined with increasing pH, and maximum accumulation
of cadmium by growing and intact cells occurred at the pH of 6.0 and 7.0, respectively. A sigmficant in-
crease in cadmium uptake occurred with shaking culture, Cadmium uptake by growing and mtact cells
was almost completed during the culture time of 72 or 24 hrs, respectively. Scalded cells sorbed much
more cadmium-ion than living cells.

Keywords : surfactant, Hansenda anomala, cadmium uptake, growing cells, intact cells
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Table 1. Effect of surfactant on cadmium uptake by growing and nongrowing cells of the Hansenula anomala B-7.

Surfactant

Growing cells

Nongrowing cells

added(0.1%) Growth(g, dry wt)  Total Cd*' uptake(mg) %* Cd* uptake(mg/g dry wt) %*
None 0.3310 5.02 100 4.01 100
Tween &0 0.4255 6.63 132 4.56 114
Triton X-100 0.3854 6.67 133 7.26 181
CTAB** 0.0207 0.05 1 4.29 107
Aerosol OT 0.1093 2.51 50 6.58 164
Silicone 0.5497 3.77 75 3.61 %)

* Values were expressed relative to surfactant-free control(none) which were taken as 100%

** Cetyltrimethylammonium bromide

In growing cultures, the organisms were grown in basal medium containing 100 pg/m] Cd*'

and different sur-

factants with shaking at 30°C for 24 hrs, and the organisms were harvested and assayed for their cadmium con-
tents. In experiments on cadmium uptake by using intact cells, the nongrowing cells pre-grown and harvested
were resuspended at a biomass of approximately 0.035 g/l on dry basis in 0.9% saline containing 100 pg/mi Cd*
and different surfactants, and incubated at 30°C for 24 hrs on a reciprocal shaker.
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Effect of Triton X-100 concentration on cad-
mium uptake by growing cultures (full lines)
and intact cells (dotted lines) of the Hansemua
anomala B-7.

In growing cultures, the organisms were grown
in basal medium containing 100 pg/m! Cd* and
different concentrations of Triton X-100 with
shaking at 30°C for 24 hrs, and then the uptake
of cadmium by harvested and washed cells was
determined. In experiments on cadmium uptake
by intact blomass, the organisms were pre-
grown in cadmium-free basal medium, and har-
vested and washed 3 times in distilled water.
Cells were resuspended in 0.9% saline containing
100 pg/m] Cd* and different concentrations of
Triton X-100, and incubated with shaking at
30°C for 24 hrs.

Symbols : 9, cell growth or cell mass (g, dry wt)
7 @, total cadmium uptake (mg) ; ©, cadmium
uptake (mg/g dry wt)
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Table 2. Effect of surfactant in the presence of silicone on cadmium uptake by growing and nongrowing cells of

the Hansenula anomala B-7.

Growing cells

Nongrowing cells

Surfactant
added Growth(g, dry wt) Total Cd*' uptake(mg) %* Cd* uptake{mg/g dry wt) %*

None 0.6023 3.51 100 3.42 100
Silicone 0.2% 0.6401 3.21 91 3.75 110
Silicone 0.1% (1.6439 5.62 160 3.48 102
+Tween 80 0.1%
Silicone 0.1% (.4753 5.10 145 3.34 98
+Triton X-100 0.1%
Silicone 0.1% 0.1772 2.99 85 3.88 113
+Aerocol OT 0.1%
Silicone 0.07% 0.5053 3.12 89 3.41 100

+Tween 80 0.07%
+Triton X-100 0.07%

* Values were expressed relative to control(none) which were taken on 100%
Experimental conditions were the same as those described in Table 1 except that hiomass in cell suspension was

approximately 0.027 g/l on dry basis.
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Fig. 2. Effect of Tween 80 concentration in the pres-
ence of 0.1% silicone on cadmium uptake by
growing cells of the Hansenuda anomala B-7.
The organisms were grown in basal medium
containing 100 pg/m! Cd*" and different con-
centrations of Tween 80 with shaking at 30°C
for 24 hrs, and then the uptake of cadmium
by harvested and washed cells was det-
ermined.

Symbols @ 0, cell growth (g, dry wt) ; ®, to-
tal cadmium uptake (mg) ; O, cadmium up-
take (mg/g dry wt)

7} silicone ©5 A7}, & Tween 80 37}l v)
& 50% AE 2A Fa=Eger n1EEdFE S
A} via wolgu) ey A Sl Hé"%—?: 3
gho glsle}, ubebr AA| o] goll = FAe vl
A3k vl g o 0.05% M7k H%ﬂala}ean}

4. 7| pHe| HE}
ufoF#t A 3 intact cell® F-H-8l] 7l=F-2] 74
W ZAol| X3z 27] pHe| eFe 2AbsRlL) 4

100 F /'\".

80
60 ’-

40 1

Relative cadmium uptake(%)

20 |

3 4 5 6 7 8
Initial pH
Fi

&

. 3. Effect of initial pH on cadmium uptake by
growing cultures (open symbols) and intact
cells (closed symbols) of the Hawsenula ano-
mala B-7.

In growing cultures, the organisms were
grown in basal medium containing 100 pg/mi
Cd™ and 0.1% Triton X-100 with shaking at
30°C for 24 hrs, and the uptake of cadmium
by washed cells was determined. The pH was
adjusted in increments from 3 to 8 using eith-
er IN HCI or 1IN NaOH prior to adjusting the
final medium volume to 100ml In ex-
periments on cadmium uptake by using intact
biomass, the nongrowing cells pre-grown and
harvested were resuspended at a biomass of
approximately 0.028 g/ on dry basis in Mcll-
vaine buffer (pH 3-8) containing 0.9% NaCl,
100 pg/m! Cd*” and 0.1% Triton X-100. Cells
were incubated with shaking at 30°C for 24
hrs. Each point was an average of two ex-
periments.

Symbols @ O, relative cadmium uptake(%) bas-
ed on total cadmium contents (mg) in cells ; ®,
relative cadmium uptake(%) based on mg per
g of dry wt.

Korean Journal of Environmental Health Society, Vol. 22(2)



110 Hyung-lIk Song

g-olo] pH7} e oz %WW L8 a5
& gl e} U aksbgolut Bt E R ol A
ghe} ™ o] 8] & o] &3l o]§]rzsl—240] tﬂ-B“ o7 =
—13:% 24]7.1%\ Eal oh:}.

b g A9 pH 7.5 74x] = Cd A2 &4
e "& 21 o] Abell 432 CAOH 7} vhehbr] Al At
Ao okedz] 3 9lod¥ B AFol A= 7lrfiol

Cd* /‘LEHE’ ZAFEE pH dol& 3~8 W7 x
A shadet.

Fig. 3¢l vlepd wle} 7}01 Hansemuda anomala 13-
70 WA FhEH S DHAI pHe| 53t 31
w4% 7 ‘#OILM ke Vel $ =) At
gk Agelad e #. ﬂ%bf’: et ol 415+ pH 6.
0, wlEAAte el A= pH 7.0004] vhepset, allofebd
of| 411z pHe] A8k 2| whet pll 70N = # gk
9] ok 5()(/(/145—_ 7}‘—_ LN .*/Ho] xi {5}]5]9&1‘0_[,4 ])H 2 ):g]_
pH 80011413 FAlo] A2l olofupr| edgket. & in-
tact cell®] A-9-1= ujekalA) o] njal A st pll oF
el uh 7 o 2 vl on) pll 808 Al 818tz

plI lsol] w2 2= 01118 Ak,

pl1e] efere dleks] Sqpstel, Sbide i pliv)
Zobatell wel Fide] Ak, Ashy ol o
Azt g s ol sl AlE Frbh A

A

2o Alg oA ® pH7E vl 0 Fdedeiel A 7}
i EA ko] Frhehs Ao drebyteh

ool &8 ulis %0 Hol&S wiz vIAEA
ool F32 pH 011*401 , pH 21548 54
A A E FAN-2 00 ‘]ﬁ}ﬂ"ﬂ upe} ¥ 5kl
o}, wlebs] F34 F3e] #HA pHE el ot
chepalc) " 7b=Re] pH o £438 aldAl 2ol 3
3t ) Awreobasidium pullulans 2 73-% pIl7F 6.55.
o} Y&2 e e E A Ay F4e0) 2

A s Aok

5. JEko| Fat

A g HAFE-E Triton X-100 0.1 %
Arhaelola] Aot glebujepoR el =
Abatsdch(Fig. 4).

woF A ol 4] 4= xlEluoko] A x| elekel wlsf 1
A EFFEH ghefo) ok oul A & A S ek
4 Z7hek Ao vpebuba Aldhoke] P4 B I
Aojodr}, wal intact cell o] 88 A% A=

‘44

A sl R greEr] oo R ebefekel Al Xl ol:
"ol eF guo] 2 gl vlel]o] ebufjofo] o

] 20
E

2

(]

o =

J % 15
B o>

QO B
53

(o)

S
=& o
Bl

o
Z\:!
o 4
9“8 0.5
£
B
=
5]

0.0

Static Shaking

Fig. 4. Effect of shaking on cadmium uptake by grow-
ing cultures and intact cells of the Hansenda
anomala B-7.

Symbols : 1, cell growth (g, dry wt) in grow-
ing cultures ; 2, total cadmium uptake (mg) in
growing cultures : 3, cadmium uptake (mg/g
dry wt) by intact cells,

In growing cultures, the organisms were
grown In basal medium containing 100 ng/mi
Cd” and 0.1% Triton X-100 at 30°C for 24 hrs.
In experiments on cadmium uptake by using
intact cells, the nongrowing cells pre-grown
and harvested were resuspended at a biomass
of approximately 0.045 g/1 on dry basis in .9%
saline containing 100 ug/m/ Cd” and 0.19% Tri-
ton X-100, and cells were incubated at 30°C
for 24 hrs.
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g. 5. Time course of cadmium uptake during

growth of cells (open symbols) and by intact
cells (closed symbols) of the Hansenula ano-
mala B-7.
lKxperimental conditions were the same as
those described in Fig. 4 except for biomass
and incubation time.
Symbols : O, cell growth (g, dry wt) ; &, cell
mass (g, dry wt) 5 O, total cadmium uptake
“myg) during growth of cells ; ®, cadmium up-
rake (mg/g dry wt) by intact cells.
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Fig. 6. Effect of Triton X-100 on cadmium uptake by
living(intact) and scalded cells of the Han-
senula anomala B-7.

Symbols @ 1, living cells ; 2, scalded cells.
Scalded cells were prepared by heating of
living(intact) cells suspended in 0.9% saline
for 5 min. in boiling waterbath and cooling im-
mediately in cold water. The living or scalded
cells were resuspended at a hiomass of ap-
proximately 0.011 g/] on dry basis in (0.9% sa-
line containing 100 pg/m] Cd*’' and then in-
cubated at 30°C for 24 hrs on a reciprocal
shaker.
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