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matters arising 
Possible mechanism for 
biological action of lithium 
FRAus·to DA StLVA and Williams' have 
presented a theoretical chemical rationale 
for the postulate that lithium may have 
its pharmacologica I action by competition 
with magnesium" •. But though they have 
dealt in detail with the role of ATP as a 
"masking" agent they have not con
sidered the direct binding of lithium to the 
nucleotide. 

Since lithium might interfere in the 
many biological processes which are 
magnesium dependent'' and since changes 
do occur in the tissue distribution of 
magnesium following lithium" my col
leagues and I investigated five magnesium
dependent enzymes and found that three 
were inhibited by lithium'. These enzymes 
seemed to be "Mg-ADP dependent". 

We determined, by gel filtration on 
Sephadex G-1 0, the association constants 
of lithium and magnesium with either 
A DP or A TP both independently (K1) 

and also in a solution containing both 
metals ". The constants determined in the 
(Li Mg) solution were calculated a, 
assuming that the nucleotide complexed 
Li and Mg independently (K11 ) and h , 
assuming that the metals competed for 
sites (K 111 ). All experiments were carried 

Table 1 Association constants (log Ka-- l for 
complexes of Mg and Li with ADP 1 ATP 

in conditions described in the text·' 

ADP ATP 
K(i) Mg 3.02 (a) 3.97 

Li 2.48 (b) 2.71 
K(ii) Mg 3. I 2 (c) 4.00 

Li 3.00 (d) 2.79 
K(iiil Mg 3.22(e) 4.05 

Li 3. I 4 (f) 3.07 

Hy r tests the following pairs are signifi
cantly dilkrent at P < 0.001: (a) against (e), 
(b) aga1nst (d). (b) against (f). 

out at pH 7.4 in 0.1 OR mol I ··1 tri
ethanolamine hydrochloride buffer. The 
results arc shown in Table I. 

Our values for K.," differ from those 
of Frausto da Silva and Williams but 
agree with other reports''·'". But they arc 
effectively "conditional constants" with 
respect to the nucleotide buffer- metals 
system at pH 7.4. We have concluded that 
there is preliminary evidence for a ternary 
complex of the Li -Mg-ADP type' 
though this awaits confirmation by 
physical methods. 

In relation to magnesium, ADP has a 
rather higher affinity for lithium than 

ATP and if the lithium complex were a 
poor substrate this might have impli
cations in the kinetics of ATPases during 
lithium therapy. In any case the increased 
binding of lithium induced by the presence 
of magnesium must indicate configura
tional or other changes which might affect 
the kinetics of any ADP requiring 
enzyme. 

Our findings with biologically occurring 
nucleotides therefore suggest that the 
sequestering agent (ATP) may also be 
affected by lithium due to effects on the 
ATP-ADP equilibria. We might expect 
two loci of lithium action in nucleotide 
dependent enzymes; (O-, N, o-, o-) 
coordinating sites on the protein and the 
nucleotide itself. 
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WILLIAMS ANI> FRAUSTO D/\ SILVA REPLY
We accept the points made by Birch. The 
major point of our paper was to show 
how lithium could act on vesicles which 
contained transmitters even in situations 
where magnesium ions might be thought 
to be protective against any lithium effect. 

Wadlwm College, 
Oxford 

Uniqueness of 
plasminogen activators 
THE report of Astedt and Holmberg' 
relating their demonstration of the 
immunological identity between human 
urokinase and plasminogen activator 
from human ovarian carcinoma in
cludes a quotation from the summary 
of one of our papers on plasminogen 
activators from transformed cells'. 
Because of the interest in the role of 
plasminogen activators in tumorigene-
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sis, we feel that it is important that 
there is no misinterpretation of our 
statement: "Neoplastic cells, whether 
transformed by oncogenic viruses or 
chemical agents, release a fibrinolytic 
factor not released by normal cells" . 
In the text of our article, this sentence 
is qualified to indicate that by 'normal 
cells', we mean the parental primary 
cultures from which the transformants 
were derived. Our purpose in charac
terising the plasminogen activator from 
a transformed line was to determine 
whether or not it differed from the 
plasminogen activators known to be 
produced by normal mammalian tissues. 
We have, in fact , published data which 
demonstrate that the plasminogen 
activator which we purified from SV40 
transformed hamster ceiTs is immuno
logically identical to that produced by 
normal hamster lung cells and that it 
differs from the plasminogen activa
tor(s) produced by hamster kidney 
cells'. 

Although there is no doubt that there 
is a tantalising correlation between 
plasminogen activator production by 
cells in vitro and their ability to cause 
tumours in immune-competent hosts' ·' 
or in nude mice•, we feel that it is worth 
stressing once again that not all cultured 
cells which produce plasminogen activa
tor are tumorigenic, nor do all cells 
capable of forming tumours in immuno
competent hosts produce plasminogen 
activators in vitro (for example, Friend 
erythroleukaemia cells). In addition, as 
is confirmed hy the work of Astedt 
and Holmberg , the plasminogen activa
tors produced by tumour tissues are not 
'tumour-specific' proteins hut probably 
reflect the expression of genetic in
formation in ' inappropriate' cells. 
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