low; in fact, the absence of single dele-
tions and the apparent completeness of
isochromatid and exchange aberrations
leads to the conclusion that just the op-
posite situation prevails—that is, the fre-
quency of fusion of broken ends is very
high. It might be well, however, to point
out that the fusion or exchange scored
in metaphase does not always result in
an anaphase bridge. Wolff (6) has dis-
cussed this phenomenon in some detail,
while Conger (7) has presented evidence
that some of the discrepancy between
these scoring systems is due to “free fall”
and broken bridges.

Like other chemicals capable of in-
ducing aberrations, BPL is preferential
in its-action. The short chromosomes
were much more frequently broken than
the long pair. The S/L ratio (determined
by dividing the number of long chromo-
somes affected into the number of short
chromosomes affected) is a measure of
this preference. X-rays, which break
short and long chromosomes at random,
induce an S/L ratio of 2.5. Treatments
with BPL result in an S/L ratio higher
than 6.0 (only 464 chromosome breaks
were analyzed). Actually, the action of
BPL is even more restricted than the
S/L ratio indicates. B-Propiolactone se-
lectively results in breakage in those seg-
ments known to be heterochromatic and
to be located in the long arm of the short
chromosomes. The few breaks produced
in the long chromosomes were located in
the heterochromatic regions on either
side of the centromere. B-Propiolactone
is similar, then, to mustard and diepox-
ide so far as site of breakage is con-
cerned and is dissimilar to 8-ethoxycaf-
feine and maleic hydrazide, which attack
the nucleolar organizer region and the
centric heterochromatin of the long chro-
mosome, respectively. The breakage fre-
quency induced by BPL treatments is not
modified by changes in pH or oxygen
tension or by such metabolic inhibitors
as NaN; or NaF. It is modified, however,
by temperature change. The higher the
temperature the higher the breakage fre-
quency within the range tested. These
data are presented in Table 1. The in-
fluence of temperature on the BPL ef-
fect is similar to its influence on the
action of mustard, diepoxide, and maleic
hydrazide but dissimilar to its influence
on KCN, the final effect of which is in-
dependent of temperature and pH
changes but dependent on oxygen ten-
sion.

It has previously been demonstrated
(1) that dinitrophenol has a marked in-
hibitory influence on the effect of maleic
hydrazide and 8-ethoxycaffeine as a pre-
treatment but not as a posttreatment and
on diepoxide as a posttreatment but not
as a pretreatment. It has no observable
effect on KCN action. The influence of
dinitrophenol on BPL is strikingly dif-
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ferent in that both pre- and posttreat-
ments with it result in an increased fre-
quency of aberration (Table 2). Since
dinitrophenol is believed to uncouple
oxidation from phosphorylation, it is
tempting to suggest that BPL, despite its
reactive nature, is more reactive in the
absence of an intact energy source.
Whether this source is similar to that
described for intact nuclei (8) or is of a
cytoplasmic nature remains to be deter-
mined. It is conceivable that the influ-
ence of dinitrophenol on BPL is on re-
joining and not on breakage, although
the exchange rate is not affected as much
as the isochromatid rate.

CarL P. SwansonN
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An Explanation of the
Liesegang Phenomenon

Abstract. Periodic band precipitation in
porous media is explained by means of the
Hirsch effect (specific semipermeability of
the precipitate occurring only as long as
both the precipitate-forming ions are pres-
ent). The possibility of getting Liesegang
bands in immunological precipitates is un-
derlined, and a suggestion is made how to
avoid them.

Many authors have attempted to ex-
plain the periodic precipitation phe-
nomenon in porous media or gels, found
by Liesegang (1), in different ways,
which, although often more or less
plausible, are never wholly satisfactory,
since they are either incomplete or do
not convincingly demonstrate that the
proposed mechanisms must give rise to
band formation. Hedges (2) and Veil
(3) give complete reviews of different
theories, mentioning Ostwald’s super-
saturation theory (4) [refuted by Hat-
schek’s experiments (5)], Dhar and
Chatterji’s coagulation theory (6), Brad-
ford’s adsorption theory (7), Fricke’s dif-
fusion theory (8) (see also 9), and Mc-
Laughlin and Fischer’s membrane theory
(10). A more recent review is given by
Stern (11). Different aspects of the dif-

fusion theory are further given by Yana-
gihara (7/2) (influence of d-c and a-c
electric fields), Wagner (13) (a mathe-
matical analysis), and Matalon and
Packter (14) (protecting influence of
the gel).

The Hirsch effect (15), described 60
years after Liesegang’s first paper on
this phenomenon, now permits a satis- .
factory and general explanation. Hirsch
(15) observed that, in certain cases, two
solutions of electrolytes which can pre-
cipitate with one another, when diffus-
ing toward one another through a mem-
brane (thin slice of a gel), endow the
membrane with quite remarkable per-
meability properties. The membrane
becomes in such cases perfectly imper-
meable to the ions that formed the pre-
cipitate but remains permeable to other
ions and to the solvent (see also Mc-
Laughlin and Fischer, 10).

The remarkable impermeability to the
ions that form the precipitate layer is
illustrated by the following experiment
[see 15 (a), Table I]: A cellophane
membrane separating solutions of . (i)
0.1N Ba(OH), and (ii) 0.1N H,SO,
gave rise to a membrane potential of 670
mv. This value corresponds well with
the value E calculated from

E=23026 R—lf- (pH, — pH11)

This is in perfect accord with the as-
sumption that the membrane is com-
pletely impermeable to the ions Bat+
and So,~~ but permeable to H* and
OH-. The same membrane, after the
formation of the BaSO, barrier inside it,
but with Nat substituted for Bat*+, or
with CI- substituted for SO,--, showed
a membrane potential of approximately
65 mv, equal to the membrane potential
found with untreated cellophane under
the same conditions; the semipermeabil-
ity now had vanished.

At first sight this observation appears
to exclude any formation of multiple
precipitate bands, because the formation
of the first band, which is impermeable
to the forming ions, would stop the ions
from crossing it to form a second band
farther on. But Hirsch (15) also ob-
served that the precipitate layer inside
the membrane remains impermeable to
the forming ions only as long as small
quantities of the forming ions are pres-
ent in solution on either side of the
membrane. As soon as one of these ions
is lacking on one side of the membrane,
the precipitate layer in the membrane
can be crossed, after a longer or shorter
lapse of time, by the other ion.

Without attempting for the moment
to discuss the explanation of this Hirsch-
effect, expressed by the condition “spe-
cific semipermeability of the precipitate
occurs only as long as both the precipi-
tate-forming ions are present,” the effect
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by itself suffices to explain the Liesegang
phenomenon. As a matter of fact, Liese-
gang (16), Hedges (2), Bradford (7),
and Holmes (17) observed that between
two precipitate bands the solution in the
gel is completely or almost completely
depleted of one of the forming ions (gen-
erally the ion initially present in the low-
est concentration is the one that is lack-
ing). Stanfield (I8) observed that a
strong concentration difference between
the two reagents predisposes to the for-
mation of macroscopic multiple bands
[see also Bradford (7) and Holmes
(17)]. Wilson and Pringle (I19) and
Salvinien and Kaminsky (20) noticed
the same tendency with immunological
precipitates.

Our explanation of the Liesegang phe-
nomenon is most nearly approached by
McLaughlin and Fischer’s hypothesis
(10), which states that while the pre-
cipitate bands may be somewhat perme-
able to many substances, they certainly
are impermeable to the forming sub-
stances. According to these authors, the
barriers then lose their impermeability
after some time, by a mechanism for
which they do not offer a satisfactory
explanation. The only thing lacking in
their theory, to make it conclusive, is
the condition from the Hirsch effect:
that these precipitates constitute a mem-
brane that is impermeable to the form-
ing substances only as long as the form-
ing substances are both present on either
side of the membrane. Thus, once a band
is formed by precipitation of two re-
agents that meet in a gel (or another
porous medium such as filter paper)
[see Van Oss, Fontaine, Dhennin, and
Fontaine (9) and Milone, Cetini, and
Ricca (21)], that band remains imper-
meable until one of the reagents is ex-
hausted by precipitation or by absorp-
tion on the precipitate, at least in the
immediate vicinity of the membrane [see
Bradford’s adsorption experiments (7)].
Only from that moment can the other
reagent cross the barrier, until it again
encounters farther on a sufficient amount
of the first reagent, with which it will
form a second band, and so on.

Our theory may also throw some light
on the formation of immunological pre-
cipitate bands in porous media, where it
is of great importance to be able to avoid
confusion of Liesegang bands with bands
due to a multiple immunological system
[Wilson and Pringle (19); Salvinien and
Kaminsky (20); Van Oss, Fontaine,
Dhennin, and Fontaine (9)]. The mo-
bility of the bands [Oudin (22)] does
not necessarily exclude the occurrence
of a Liesegang phenomenon, particularly
not in the cases where the precipitate is
soluble in an excess of one of the re-
agents, like colloidal and immunological
precipitates (Bechhold, 23), and even
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sometimes precipitates of electrolytes
[Pringsheim (24), and Cetini and Ricca
(25)]. The best way to avoid the for-
mation of multiple macroscopical Liese-
gang bands is to operate with equivalent
concentrations of reagents.

Many other phenomena of periodic
structure may be explained in a similar
way: the very creation of the first struc-
tural elements opposes a temporary bar-
rier to the transport of a forming sub-
stance. The barrier then loses its function
as such for reasons inherent to its growth,
thus leaving the way free to the construc-
tion of the next structural element. The
periodicity is determined by the magni-
tude of negative feedback arising out of
the interaction between the formation
and the degeneration of the barrier.

C. J. van Oss*
Van’t Hoff Laboratory, University of
Utrecht, Utrecht, Netherlands
P. HirscH-AvALON
Central Institute for
Nutrition Research, Utrecht
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Prolongation of Response of
Node of Ranvier by Metal Ions

Abstract. The response of the node of
Ranvier can be prolonged up to 5 to 6
seconds by addition to the medium of
minute amounts of certain metal ions.
This prolongation involves a change from
a triangular to a rectangular configura-
tion. The properties of the prolonged
nerve-fiber responses are very similar to
those of heart muscle.

Electrical responses of the node of
Ranvier whose falling phase is markedly
prolonged can be obtained by exposure
of the node to such alkaloids as brucine,
emetine, sinomenine, and heroine (1),
to certain derivatives of morphine (3),
and to strychnine (4), as well as by ex-
posure to hypertonic solutions (2). Pro-
longed responses were also obtained in
the giant axon of the squid with the in-
tracellular injection of tetraethylammo-
nium chloride (5, 6). Following repeti-
tive stimulation, many excitable cells
show a type of “memory” in the form of
a prolonged response. This phenomenon
has been observed in the node of Ranvier
of the toad (7, 8), giant axon of sepia
(9), aplysia nerve cell (9), the omma-
tidium of the horseshoe crab (10), the
supramedullary ganglion cell of the
puffer fish (11) and in Noctiluca, a pro-
tozoan (12). Somewhat less marked pro-
longations of nerve fiber responses have
been obtained with low temperatures
(13), high pressures (14, 15) and by re-
placing H,O in the fluid medium with
D,0O (I16).

The prolonged responses (especially
the markedly prolonged responses) show
many properties in common with those
of the normal response of heart muscle.
These similarities involve the configura-
tion, the instability of the duration, the
time course of the impedance changes,
the refractory period, the resistance to
lowered sodium or increased potassium,
and the effects upon the duration and
configuration of temperature changes, of
pressure changes, of polarization, of fre-
quency of stimulation, and of a large
number of chemicals (9, 7, 17). In the
experiments reported here (18), a pro-
longation of the response of the node of
Ranvier was obtained by the external
application of metal ions. Brief reference
to these experiments was made in a pre-
vious publication (6).

Both the node of Ranvier and the
giant axon preparation were used in these
experiments. Single myelinated nerve
fibers were isolated from the nerve in-
nervating the semitendinosus or sartorius
muscle of the toad (Bufo marinus). This
technique has been described previously
(I). Action currents of the node of Ran-
vier were recorded by the “bridge-insu-
lator” technique (I). Action potentials
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