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vitro. It was known that high concentra-
tions of 3 in the honeybee [10] had an
inhibitory effect on vitellogenesis.

In the present communication, we wish to
report the biological activity of two natural
derivatives of farnesylacetone /, namely
the diketone 4 and the epoxide 5, previous-
ly isolated with  [11] from the brown alga
Cystophora moniliformis. The material and
methods used in this work have already
been described elsewhere [3]. All experi-
ments have been repeated twice and in the
two sets performed in triplicate, the results
obtained being similar in each parallel de-
termination. The methylasic system used
was prepared from crab testis and had an
activity of 90 dpm/mg protein.

With diketone 4, a maximum inhibition
of 45% is noticed on the transmethylations
of calf thymus histones at a concentration
of 270 ng/ml and 14% with E.coli B
tRNA, concentration 300 ng/ml. Using
epoxifarnesylacetone 5, the observed maxi-
ma of inhibition are 49% for histones (with
270 ng/ml) and 14% for tRNA (450 ng/
ml). The choice of crab testis as a source
of methylases for these preliminary experi-
ments was obviously determined by the
fact that farnesylacetone / is a natural in-
hibitor in this animal [3] (see also [2] for
details on the androgenic glands of crusta-
ceans).

Thanks are due to Prof. E. Lederer for his
permanent interest and for discussions, also
to J. Berreur-Bonnenfant for crab dis-
section.
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The Induction of Ion Channels
Through Excitable Membranes by Acetylcholinesterase

K. Kaufmann

Max-Planck-Institut fiir biophysikalische Chemie, D-3400 Géttingen-Nikolausberg

I. Silman

Department of Neurobiology, The Weizmann Institute of Science, Rehovot-Israel

It has been established that acetylcholine
(ACh) is rapidly hydrolysed by acetylcho-
linesterase (AChase, EC 3.1.1.7) at cholin-
ergic membranes during the process of
synaptic transmission [l]. Therefore, the
investigation of the effect of ACh on the
conductivity of bilayer lipid membranes in
the presence of AChase may be useful to
understand the involvement of this enzyme
in the conduction process {2, 3].

We have recently found [4] that various
molecular forms of AChase {5], purified
from electric-organ tissue of Electrophorus
electricus by affinity chromatography [6, 7],
interact with liposomes prepared from
phospholipids such as dipaimitoyl phos-
phatidylcholine (DPPC), sphingomyelin,
and phosphatidylserine, which have been
demonstrated to be present in electroplax
membranes [8]. Association has been dem-
onstrated both by photon energy transfer
[9] and by sucrose gradient centrifugation
according to [10]. Thus, DPPC fully binds
tailed forms, 14 S and 18 S AChase, up
to ionic strengths corresponding to
1 M NaCl, while partial binding is ob-
served of 11 S AChase, the catalytic sub-
unit tetramer which is devoid of the tail
[4]. :

Black-film lipid membranes were made ac-
cording to [11, 12] using r-a-phosphatidyl-
choline type 11-S from soybean (SIGMA),
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a lipid mixture. The formation of bilayers
at 20-22°C in KCl or NaCl solutions buf-
fered at pH 6.8-7.5 (data presented are
for 1 M KCl and pH 7.4) was controlled
by measurement of conductivity and
capacitance. It is known [12] and was
confirmed by us, that ACh, applied to such
membranes under our conditions, has no
effect on ion conduction.

Tailed 14 S+18 S AChase was added in
amounts of 107°® g or below, correspond-
ing to ca. 107! moles of active sites [7],
to one of the two electrolyte compart-
ments. Incorporation of AChase into the
corresponding monolayer was controlled
by the resulting increase in surface pres-
sure.

No conductance changes were observed in
the absence of ACh. However, after addi-
tion of (unstirred) 5x 107¢ M acetylcho-
line chloride (SIGMA), channels of am-
plitude (2.2 +0.2) x 107 1°Q ™! appeared re-
producibly, Slow channels of lifetime
50 ms, taken from the lifetime distribution,
were usually composed of faster channels
following each other *“in queue”, i.e., with
silent interruptions at (and possibly below)
the experimental time resolution of 0.5 ms.
In addition, and most often, we saw fast
events below 1 ms, sometimes as *‘bursts”
of high frequency. Examples are collected
in Fig. 1. Membrane potentials attracting
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Fig. 1. Acetylcholine-induced channels through the elementary membrane [3] lipid bilayer &
acetylcholinesterase. The channel conductivity 2x 107 Q7! in 1 M KCl is indicated top left
([) and as ordinate in the amplitude histogram P(a) of a queued-up single-channel state; the
abscissa of its apparent lifetime histogram Q(r) indicates the time scale of 50 ms (.—). From
top to bottom: superimposed channels of long lifetime up to many seconds, below 1 ms fast-
kinetic channels show up, too; fast-kinetic channels tend to queue-up; queued-up single-channel
state ; fast-kinetic and queued-up two-channel states; fast-kinetic {26] channels of fourfold con-

ductivity

ACh™ to the surface increased the re-
sponse. Little or no activity was seen when
ACh was added to the electrolyte compart-
ment on the other side of the bilayer. Cor-
responding results were obtained for K™,
Na™; for soybean, dioleyl, and other le-
cithins; for 18 S, 148§, 11 S AChase; as
well as for varied quantities.

Channels for monovalent cation conduc-
tance, predicted {13] and verified [14] at
cholinergic membranes, exhibit an ele-
mentary event in excitation not only at
synaptic but also at axonal membranes [15]
with a probability related to the determin-
istic *“macroscopic” ion permeability [16].
The lifetimes and amplitudes for the ion
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channels induced by ACh acting on
AChase in vitro are very similar to those
observed in vivo.

A possible mechanism for channel opening
may involve ACh hydrolysis by AChase.
This may rapidly produce a local pH de-
crease [16a] which may, in turn, shift the
phase transition temperature [17] of the
lipids by protonation of the head group
favouring electrostatic transition to a state
of different symmetry [18]. In fact, similar
conductance increases have already been
reported at the lipid phase transition [19].
It is also of interest that Podleski and
Changeux [20] earlier reported an ACh-
induced depolarization of the innervated
membrane of the electroplax which they
ascribed to a local pH decrease by enzymic
hydrolysis of the agonist by AChase.
Whatever the relationship of AChase to
the bungarotoxin-binding receptor [21]
may be, our data clearly demonstrate that
AChase has the capacity to induce ion
channels which are“very similar phenom-
enologically to those seen in vivo. AChase
[22, 23] may thus play a direct role [24]
in producing ACh-induced conductance
changes at some of the numerous loci [22]
where it occurs in vivo.

Hermann Trduble was on the way [25], but
left us just four years before we arrived.
The third of July is his day.

Supported by the Deutsche Forschungsge-
meinschaft and the Muscular Dystrophy
Association of America.
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Pteridine Excretion from Cells as Indicator

of Cell Proliferation

H. Wachter, A. Hausen, E. Reider, and M. Schweiger
Institut fiir Biochemie der Universitdt, A-6020 Innsbruck

Pteridines are ubiquitous in natur. They
seem to play a central role in cell metabo-
lism. However, due to their occurrence in
trace amounts and to their chemical insta-
bility they were only marginally studied.
So far, only the functions of a few pteri-
dines are known [1]. Here we report that
pteridines are excreted from proliferating
cells independent of their sources. The ex-
cretion of these pteridines is apparently
coupled to cell growth and, thus, an indi-
cator of cell proliferation.

Bacteria like E. coli excrete monapterine
(Fig. 1) during their logarithmic growth
phase. Interestingly, at the switch from
logarithmic growth phase to the stationary
phase the excretion of pteridines experi-
ences a burst, whereas in the stationary
phase E. coli hardly releases any pteridines.
Correspondingly (Table 1) Physarum poly-
cephalum (slime mould), Calanchoe tubi-
flora, Solanum tuberosum (germinating po-
tatoes), Acetabularia mediterranea, Ehrlich
ascites-bearing mice [2] or humans with
invasively growing tumors (Fig. 2, Table 1)
excreted pteridines during proliferation
[3]

The association of cell proliferation and
pteridine excretion is supported by several
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other findings: Regeneration of the tail of
Triturus species is accompanied by elevat-
ed concentrations of tetrahydrobiopterin
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Fig. 1. Monapterine secretion by E. coli. E.
coli was grown in mineral medium (M9) with
glucose [8]. At indicated times 1 ml samples
were withdrawn, the bacteria removed by cen-
trifugation and the fluorescent pteridines were
measured [3] in the medium. x -—-x growth,
0——0 excretion rate of monapterine. The ex-
cretion rate was determined from the amount
of monapterine per volume plotted against the
time in minutes. The slopes were taken as rates
at the given times. The rates were then related
to the number of cells
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in the regeneration bud [4]. Patients with
malignant tumors excrete up to a 20-fold
enhanced amount of neopterine (Fig. 2)
[3]. Viral infections, which generally stimu-
late nucleic acid metabolism lead to en-

Fig. 2. Neopterine excretion in human urine.
HPLC chromatogram. Prepurification, HPLC
analysis and fluorescence detection (excitation
380 nm, emission 450 nm) as previously de-
scribed [3]. ---- healthy proband, — patient
with bronchus carcinoma
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