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A c c e l e r a t i o n  of  M e t a l  T r a n s p o r t  i n  Y e a s t  C e l l s  
T r e a t e d  w i t h  a L i p o p h i l i c  C o m p l e x o n e  

I t  is generally agreed tha t  in a series of related sub- 
stances the ease of penetrat ion through a cell membrane 
is parallel to the lipophilic nature of the substance. The 
usual chelating agents, such as ethylenediaminetetra- 
acetic acid (EDTA), do not penetrate into cells 1,2. As- 
suming that  lipophilic homologues of aminopolycarb- 
oxylic acids capable of penetration into cells could in 
some cases be highly effective as decontaminating or 
enzyme blocking agents, a decyl derivative of the nitrilo- 
triacetic acid (DNTA) was prepared by reaction of a- 
bromolauric acid with iminodiacetic acid: 

C l o H l t  
/ 
CH--COOH 

N~CH~--C00H 
CH~--COOH 

(DNTA) 

This soap-like substance is soluble in alcohols, ketones, 
esters, fats, and hydrocarbons. Salts are soluble in water 
showing surface activity. Preliminary polarographic 
studies with copper, zinc and mangenese indicated tha t  
the stability constants of complexes were only 1 order 
lower than those of the low molecular NTA, and tha t  the 
acidity of carboxyl groups was not substantially altered 
by this substitution. 

For biological experiments, baker's yeast was taken as 
a convenient and well-studied test organism 3,4. Cerium 
was selected for the first experiments as an important  
fission product with high affinity to aminopolycarboxylic 
acids, for comparison purposes with other studies 6,6, and 
because its entry into enzyme systems is hardly to be 
expected. I t  was found tha t  the adsorption of DNTA on 
yeast  cells is very high and rapid at  pH 7.4, in contrary 
to low molecular NTA and EDTA, the adsorption of 
which was not detectable. No desorption of DNTA in 
acetate buffer (pH 4.3) was observed. Having obtained 
this evidence of strong binding of DNTA with yeast cells, 
the following experiment was arranged in order to investi- 
gate the role of DNTA in cerium transport  from yeast  to 
E D T A  solution. In  all solutions, respiration was supported 
by aeration in presence of glucose, phosphate, and potas- 
sium. 

The yeast was contamined with pure Ce 144 in a solution 
of 0.08M KH~PO4+ 0 . 2 M  glucose (pH 4.5, t 25°C); 
mixing was accomplished by bubbling with air. No in- 
active cerium was added, After 90 min, the cells were 
separated by centrifugation and repeatedly washed with 
0.05M EDTA in phosphate buffer (pH 6), for 15 min in 
intervals of 30 rain (10 ml/g yeast). After 3 washings, the 
yeast was divided into 2 portions. Portion (A) was treated 
for 30 rain with DNTA solution in phosphate buffer pH 
7.4 (2 × 10-6M/g yeast), washed shortly with water and 
acetate-phosphate buffer (pH 4.3), and incubated for 4 h 
at  37°C. Portion (B) was treated parallel in the same 
manner, the DNTA being substituted by the same amount  
of NTA. Then, washings were continued with 0.05M 
E D T A  buffered to pH 4.3. The y-activi ty of all supernates 
and of separated yeast was determined (in radioactive 
equilibrium) by means of a well type scintillation counter. 
Using these measurements, the decrease of Cet*4-content 
of yeast was calculated, expressed in % of the originally 
adsorbed amount, i.e. approximately 0.1 /~c/g yeast 
(Figure). 

I t  is evident tha t  the greater portion of Ce is removed 
very rapidly, the lesser portion being bound much more 
strongly. Taking into account a similar study of ROTH- 

STEIN with Mn (II)~,4 i t  can be supposed that  the latter 
portion has passed the membrane of respiring yeast cell, 
becoming much less available to extracellular desorbing 
agents. The t rea tment  with low-molecular NTA evidently 
did not  influence the desorption rate (curve b). H o w e v e r ,  
striking increase of desorption rate was achieved in yeast 
cells tha t  had been treated with the lipophflic DNTA 
(curve a). The most probable interpretat ion of this effect 
is tha t  D N T A  acts as artificial 'carrier'  or 'specific 
receptor '  mediating the 'facilitated diffusion', which is 1 
of the generally accepted membrane transport  mecha- 
nisms. 

Additional experiments indicated that :  (1) desorption 
with diethylenetriaminopentaacetic acid is not signifi- 
cantly higher than tha t  with EDTA;  (2) the effectivity of 
'sensibilization' with DNTA increases with t ime and 
temperature of incubation, and is lower at  higher pH ; (3) 
using palmitic acid instead of DNTA, no effect of the 
same order was observed; (4) aIthough the EDTA-Ce 
complex formation (in competit ion with DNTA-Ce com- 
plex) is favourized by higher pH-value of desorbing 
solution, no substantial increase of decorporation rate 
from senzibilized cells was observed; (5) instead of EDTA, 
cerium or y t t r ium solution can be used as desorbing agent, 
with similar difference between DTPA-treated and non- 
treated cells. 
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Decrease of Ce 144 content of cells before and after treatment with 
DNTA (curve a), and with NTA (curve b), in the course of repeated 

washings with EDTA (for 15 rain every 30 min). 
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W i t h  respect  to these  exper iments ,  t he  t r anspo r t  in 
yeas t  ceils is to  be a~cepted as the  r a t e -de te rmin ing  step.  
H a v i n g  accepted  the  carr ier  mechan i sm as working  hypo-  
thesis for fur ther  studies, i t  can  easi ly be  deduced t h a t  i t  
is not  necessary for the  carr ier  to have  the  chela t ing  
ac t iv i ty  desirable for an appreciable  equi l ibr ium-shi f t  in 
an isolated sys tem cel l -metal-carr ier .  Ev iden t ly ,  the  de- 
sorbing solut ion outs ide  the  cell will steadily dis turb  this 
inner equi l ibr ium,  t end ing  to establ ish the  equ i l ib r ium 
dis t r ibut ion of me ta l  be tween  the  ceil and the  solution.  
The  chela t ing  a c t i v i t y  is r a the r  on ly  one of more  ra te -  
de te rmin ing  factors.  Hence,  some che la t ing  agents  of 
med ium s t reng th  wi th  conven ien t  se lec t iv i ty  and ac id i ty  
can be expec ted  to be  effect ive  too, if subs t i tu ted  wi th  an  
alkyl  chain, in a l ter ing the  me ta l  pe rmeab i l i t y  of cells in 
a desired m a n n e r  and sufficient  degree. 

Zusarnmen/assung. Es  wird ein neues l ipophiles D e r i v a t  
der  Ni t r i lo t r iess igsgure  (NTA) dargestel l t ,  eine Decyl- 
nitri lotriessigsAure (DNTA).  Aus m i t  Ce 144 kon tamin ie r -  
t en  Hefezel len  wird durch  &thylendiamintr iess igsAure 
(EDTA)  bedeu tend  m e h r  Ce ausgewaschen,  wenn  die 
Zellen m i t  D N T A  vorbehande l t  worden  sind, wghrend  
Vorbehand lung  mi t  N T A  keine Ste igerung bewirkt .  Wahr -  
scheinlich wi rk t  D N T A  dank  seiner Lipophi l ie  Ms ,  Carrier~ 
des Metal ls  durch  die Zel lmembran.  Es  wird auf  die 
M6glichkei t  hingewiesen,  durch  Alky l ie rung  die  Membran-  
durchlgssigkei t  auch  anderer  Chela tb i ldner  zu veri~ndern. 

B. VLCEK 

Institute o~ Radiation Hygiene, Praha (Czechoslovakia), 
29 May 1967. 

E f f e c t  o f  T w e e n  80 o n  P r o t e i n - T a n n i c  A c i d  
C o m p l e x  1 

In  prev ious  exper iments  we demons t r a t ed  t h a t  Tween  
80 could be used for t he  p repa ra t ion  of enzyme  ac t ive  
ext rac ts  f rom the  needles of adul t  conifers~. ' The  same 
produc t  has also been used by  GOLDSTEIN et  al. s to pre- 
Vent t ann ic  acid inh ib i t ion  of a commerc ia l  p repa ra t ion  
of fl-glycosidase and by  us of an ex t r ac t  f rom the  ba rk  of 
Pinus pinea on three  pur i f i ed  dehydrogenases  4. The  hypo-  
thesis was advanced  t h a t  t ann ic  acid and polyphenols  in 
general, a t  low concentra t ions ,  formed soluble complexes  
wi th  enzymes,  blocking thei r  ac t iv i t ies  and Tween  80 
reac t iva tes  these ac t iv i t ies  by  separa t ing  the  polyphenols  
from tl~e protein.  

I n  the  present  work  we in tended  to conf i rm this hypo-  
thesis by  s tudy ing  the  fo rmat ion  and break ing  of t he  
tannic  ac id-prote in  complex  by  means  of Tween  80. W e  
have  measured  the  absorp t ion  spect ra  respec t ive ly  of  t he  
protein,  t he  t ann ic  acid, and  of the  complex  pro te in-  
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Fig. 1. (A) Spectrum of 0,1 mM oxidized cytochrome C, pH 6; final 
volume 2 ml. (B) Spectrum of 0.1 mM oxidized cytochrome C -q .5  
mM tannic acid complex, pH 6; final volume 2 ml. (C) (a) Spectrum 
of 0.1 mM cytochrome C - 1.5 mM tannic acid complex after the 
addition of 50/~1 of Tween 80, pH 6; final volume 2 ml. (b) Spectrum 
of 0.1 mM cytoehrome C reduced by its precipitation with 10 mM 
tannic acid and resuspension with 50 #1 of Tween 80, pH 6; final 

volume 2 ml. 

t annic  acid and, a t  last,  of the  same in t he  presence  of 
Tween  80. Cy tochrome  C and m e t a m y o g l o b i n  were  chosen 
because the  spec t rum of these prote ins  shows a v e r y  
charac ter i s t ic  behav iour  in t he  visible l ight,  whereas  
t ann ic  acid and Tween  80 ins tead have  s l ight  and un- 
d i f ferent ia ted  absorpt ion.  Cy tochrome C was purchased  
f rom Boehringer ,  Mannhe im (Germany),  me t amyog lob in  
f rom Kock-IAght  Labora tor ies  Ltd . ,  Colnbrook Bucking-  
hamsh i re  (England),  t ann ic  acid f rom Manet t i  and 
Rober t s ,  F lorence  (Italy),  T w e e n  80 f rom FIuka  AG, 
Buchs  (Switzerland).  

Absorp t ion  spect ra  were done w i t h  a B e c k m a n  D B  
spec t ropho tome te r  equipped  wi th  a Sa rgen t  mod.  SR  
recorder.  The  results  are repor ted  in Figures  1 and 2. 
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Fig. 2. (A) Spectrum of 0.1 mM metamyoglobin, pH 6; final volume 
2 ml. (B) Spectrum of 0.1 mM metamyoglobin - 1.5 mM tannic acid 
complex, pH 6; final volume 2 ml. (C) Spectrum of 0.1 mM meta- 
myoglobin - 1.5 mM tannic acid complex, after addition of 50 #1 of 

Tween 80, pH 6; final volume 2 ml. 
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