
causal relationship remains obscure. 
The possible role of rhodopsin's dia- 

magnetic anisotropy in this compression 
effect is addressed by the data in Fig. 2A. 
A 10-G field was subthreshold, a 50-G 
field produced a half-maximum compres- 
sion, and a 100-G field is at the saturation 
level for this retina (compared with high- 
er field strengths in Fig. 1A). The lowest 
threshold level seen was 10 to 20 G. 
These d-c magnetic field strengths are 
two orders of magnitude lower than 
those required for outer segment realign- 
ment (3) and at least one order of magni- 
tude lower than those strengths that pro- 
duce interaction energies exceeding the 
thermal energy level (22). These data 
argue that rhodopsin's anisotropy did 
not cause this response compression. 
Although experiments with altered mag- 
netic field orientations would be helpful 
in addressing this issue, they were not 
technically feasible because of the re- 
straints in positioning our in vitro eyecup 
preparation within the electromagnet 
gap. The ERG, however, is a voltage 
response summed across the entire cur- 
vilinear retinal surface. Thus, a consider- 
able photoreceptor orientation already 
exists relative to the horizontal magnetic 
field used in these experiments. 

Several additional experiments indi- 
cate that this effect can be demonstrated 
in nonhibernating animals only briefly 
after the offset of ambient lighting (L-D, 
6 p.m.). Unlike the responses at low field 
strengths seen in retinas tested during 
the L-D phase of the diurnal cycle, 
strong d-c magnetic fields (2 5000 G) 
were required to elicit any response 
compression in any retina prepared later 
than approximately 2 hours after the 
light offset. This effect is photodepen- 
dent and not entirely caused by an inter- 
nal circadian clock, because leaving the 
lights on at 6 p.m. and carrying out the 
same experiment did not result in any b- 
wave response compression. Dark adap- 
tation per se was not involved, because 
protracted dark adaptation in vivo during 
any other period of the LD cycle did not 
bring about the effect. Concurrent light 
backgrounds did not prevent the magnet- 
ic field-induced response compression, 
but, instead, seemed to add their effects 
to that of the magnetic field. Our most 
recent experiments confirm the initial 
data obtained during the previous winter 
hibernation season, suggesting a signifi- 
cant seasonal variation in this diurnal 
effect. During the winter season (No- 
vember through March), we did not al- 
ways see a magnetically induced re- 
sponse compression during the L-D peri- 
od; when this effect was present, the 
threshold magnetic field strengths re- 

quired were usually high (> 1000 G). 
This observation is in line with the re- 
ported loss of diurnal retinal melatonin 
synthesis in turtles during winter (19). 

These data indicate that d-c magnetic 
fields have a significant, but brief, sup- 
pressive effect on the extracellularly 
monitored, light-elicited ionic current 
fluxes in the in vitro turtle retina. These 
suppressive effects disappear after the 
field is removed. In vitro measurements 
of visual sensitivity are not likewise re- 
duced; this suggests that the locus of this 
effect is not on any gain control mecha- 
nism in the retina. Our results do not 
resolve the question whether this re- 
sponse compression occurs in the photo- 
receptors themselves or in the synaptic 
processes involved in ERG b-wave gen- 
eration. The importance of the diurnal 
LD cycle implies a hitherto unsuspected 
aspect of metabolic activity in the retinal 
outer plexiform layer. The effect on both 
rod and cone photoreceptor types and 
the very low threshold magnetic field 
intensities required suggest that the dia- 
magnetic anisotropy of disk membrane 
rhodopsin is not crucial for these re- 
sponse compression effects. 

MICHAEL S. RAYBOURN 
Biology and Medicine Division, 
Lawrence Berkeley Laboratory, 
University of California, 
Berkeley 94720 
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Single-Channel Fluctuations in Bimolecular Lipid Membranes 

Induced by Rat Olfactory Epithelial Homogenates 

Abstract. Chemosensitive single-channelJEuctuations were observed to be induced 
in essentially solvent-free lipid bimolecular membranes by the addition of sonicated 
homogenates of rat olfactory epithelium. The chemosensitive channels were not 
observed when respiratory epithelium homogenates were used instead. Ionic selec- 
tivity is consistent with potassium ions as the charge carrier. These channels may be 
associated with the initial events of chemoreception in the rat olfactory epithelium. 

The initial events in olfactory chemo- 
reception are poorly understood com- 
pared to analogous processes in bacterial 
chemotaxis (I) .  We report here a model 
system for the initial chemosensory 
events in the mammalian olfactory epi- 
thelium, the incorporation of rat olfac- 
tory epithelial homogenates into planar, 
essentially solvent-free bimolecular lipid 
membranes (BLM's). 

Olfactory epithelia from three or four 
male Sprague-Dawley rats (200 to 225 g; 
Blue Spruce Farms) were pooled and 
minced in 10 mM 3-N-morpholino pro- 
panesulfonic acid (MOPS), pH 7.40, K +  
counterion, containing 15 pM adenosine 
triphosphate, 10 pM guanosine triphos- 
phate, and 50 mM sucrose. The suspen- 

sion was processed (4°C) in a Teflon-in- 
glass homogenizer (one or two up-down 
strokes, 200 revlmin) with a loose clear- 
ance, filtered through four layers of cot- 
ton gauze, and then was sedimented at 
120,000g (30 minutes). The resulting pel- 
let was twice resuspended and twice 
resedimented at 100,000g (20 minutes) in 
the same buffer. The final pellet was 
suspended in 250 pl of the buffer and was 
sonicated (30 to 40 seconds, 4°C). This 
suspension was sedimented at 12,500g (3 
minutes), and the supernatant was re- 
tained as the homogenate for reconstitu- 
tion studies. Light microscopic examina- 
tion revealed vesicles (30 to 50 pm in 
diameter) which presumably arose from 
the resealing of ultrasonically disrupted 



disrupted ciliary fragments and other 
material (2). 

Essentially solvent-free planar BLM's 
of area - 2 mm2 were prepared by a 
modification of the Montal-Mueller 
method (3),  passing a hydrostatically 
closed chamber through a lipid monolay- 
er at the air-water interface (4). Electri- 
cal properties of the membrane under 
voltage clamp conditions were charac- 
terized with an automated computer- 
based measurement system (5). The ba- 
sic protocol was (i) construction and 
measurement of BLM capacitance and 
d-c and a-c conductivity, (ii) addition of 
homogenate to one side of the mem- 
brane, and (iii) delivery of diethyl sul- 
fide, (-)-carvone, or camphor as a dilute 
aqueous solution of the odorant to the 
same side of the BLM, concomitant with 
electrical measurements (6). 

An initial portion of the record from a 
typical experiment is shown in Fig. 1. 
Under voltage clamp conditions (+ 10 
mV) the homogenate was added to the 
cis side of the BLM, and single-channel 
conductance fluctuations were observed 
after about 30 seconds. Approximately 
20 minutes later the frequency of these 
fluctuations had decayed nearly to zero. 
Adding diethyl sulfide (25 nM) to the 
same side of the BLM activated a new 
set of fluctuations. 

The temporal and amplitude distribu- 
tions of these events were analyzed sta- 
tistically. The temporal distribution of 

Fig. I .  Single-channel 
conductance fluctua- 
tions. Only the initial 
portion of the record 
is illustrated. Lipid bi- 
molecular membranes 
were prepared from 
egg phosphatidylcho- 
line (Sigma type 3) in 
20 mM NaCI, 20 mM 
KCI, and 2 mM 
CaCIZ, pH 7.40. The 
initial conductivity 
was 0.19 x lo-' mhol 
cmZ; initial capaci- 
tance was 0.76 pF1 
cmZ. (A) Rat olfactory 
homogenate (protein 
concentration, 30 pgl 
mL) was added in 
100-(*I portions (de- 
noted by OL) under 
voltage clamp (+ 10 
mV). The dashed line 
marks zero current. 
(B) Effect of diethyl 
sulfide (final concen- 
tration, - 25 nM) on 
single-channel con- 
ductance fluctuations 
in the experiment il- 
lustrated in (A). Addi- 
tion of diethyl sulfide 
is denoted by DS. 

the single channels fit (correlation coeffi- 
cient r = .91) a simple exponential distri- 
bution of the number of occurrences. 
The mean time in the open state was 
29.3 t 7.8 seconds [mean i standard 
error (S.E.)] for the spontaneously acti- 
vated channels, and the probability for 
these channels to be in the open state 
was 0.66 t 0.06 [mean + standard devi- 
ation (S.D.)]. The mean time in the open 
state for the diethyl sulfide-activated 
channels was 42.3 ? 10.0 (S.E.) sec- 
onds, significantly (t-test, P < .05) in 
excess of the value for the spontaneously 
activated channels. The probability for 
the open state of the diethyl sulfide- 
activated channels [0.80 + 0.06 (S.D.)] 
is also increased. The mean value for the 
conductance of the spontaneously acti- 
vated channels was 58 + 7 (S.E.) pS, 
while for the diethyl sulfide-activated 
channels it was 56 + 10 pS. The mean 
value of all data yielded a single-channel 
conductance of 60 * 10 pS (N = 23). 
Some experiments showed single-chan- 
nel activity which tended to remain 
"on." Some experiments also evidenced 
a stepwise increase of conductance with 
a good resolution of individual steps. 
The diethyl sulfide-activated single- 
channel conductance was 62 t 2 pS. 

The final stationary value of the mem- 
brane conductance depended on the di- 
ethyl sulfide concentration. We ob- 
served a linear correlation (r = .84, 
slope = 2.2, N = 38) between the sta- 

I 1 PA, 100 p s e c  

tionary level of the membrane conduc- 
tance evoked by the diethyl sulfide and 
the logarithm of its concentration. 

We examined the ionic basis of the 
diethyl sulfide-induced conductance in- 
crease by varying the bathing medium. 
The activation could be observed with- 
out significant reduction in 40 mM KCI, 
20 mM K+ tartarate, or 20 mM K+-Na+ 
tartarate, whereas no activation could be 
observed in 40 mM NaCI. The ionic 
selectivity was further examined under 
bi-ionic conditions, where 20 to 100 mM 
KC1 was present on the cis side and a 
supporting electro'lyte containing 20 mM 
KC1 was present on the trans side of the 
BLM. A linear dependence of diethyl 
sulfide-activated conductance on K+ 
concentration was observed under these 
conditions (r = .95, slope = 0.94). The 
activation by diethyl sulfide was com- 
pletely blocked by 0.125 yM 4-amino- 
pyridine, a K+-channel blocker ( 7 ) .  

Homogenates of rat respiratory epi- 
thelium, prepared and added to the BLM 
in the same way as the olfactory epitheli- 
um homogenate, showed no influence of 
diethyl sulfide up to millimolar concen- 
trations. Membranes untreated with ei- 
ther homogenate also showed no detect- 
able change in d-c conductance at milli- 
molar diethyl sulfide concentrations. 

Fesenko et a / .  (8) described an in- 
crease in d-c conductivity elicited by 
camphor solutions across solvent-con- 
taining BLM's sensitized with a fraction 
from frog olfactory epithelium. It is diffi- 
cult to compare our observations with 
their data since millimolar concentra- 
tions of odorants were used and a single- 
channel basis for their phenomenon was 
not shown. We did not observe effects of 
saturated camphor solution comparable 
to that reported by Fesenko et al. (8). 
However, an - 12 percent decrease in 
d-c conductance was seen after the addi- 
tion of saturated camphor solution to the 
BLM's treated with rat olfactory epithe- 
lium. Addition of (-)-carvone (50 nM) to 
the sensitized BLM gave current fluctua- 
tions similar to those seen with diethyl 
sulfide. The channel conductance in- 
duced by (-)-carvone was 65 pS; thus, it 
could correspond to the same channel 
activated by diethyl sulfide. The fluctua- 
tions elicited by (-)-carvone were 
blocked by 0.125 yM 4-aminopyridine. 

The two-state behavior described here 
is reminiscent of the discrete fluctuations 
observed on chemical activation of 
BLM's containing electroplax acetylcho- 
line (ACh) receptor (9, 10) as well as in 
glutamate-gated single ion channels in 
locust muscle (11) and in patch-clamped 
studies of the ACh receptor in frog mus- 
cle (12). The increase in the mean open 
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ciliary fragments and other material (2). 
time of the open state in the present 
system after treatment with diethyl sul- 
fide is very similar to the behavior of the 
glutamate-gated channel ( I  I).  

Although channel open times are long 
in comparison with those from patch- 
clamped living cells (12). they are in 
general accord with results of others (13, 
14) for reconstituted single ion channels 
in planar bilayers. Benz et a/ .  (13) report- 
ed analogous behavior of open channel 
states from the functional reconstitution 
of a porin from Salmonella typhimurium. 
Channels formed from a sea anemone 
neurotoxin (15) have a tendency to re- 
main open, although bistable fluctua- 
tions have been reported for the same 
material (16). 

Our data suggest the presence of a 
discrete chemosensitive ion channel in 
rat olfactory epithelium which can be 
functionally transferred into an artificial, 
essentially solvent-free lipid bimolecular 
membrane. This channel is activated by 
odorous compounds such as  diethyl sul- 
fide and (-)-cawone. We suggest that 
occupancy of this channel is associated 
with the initial events of chemorecep- 
tion. 

VITALY VODYANOY* 
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Department of Chemistry and 
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New York 10003 
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Formation in vitro of Sperm Pronuclei and Mitotic 

Chromosomes Induced by Amphibian Ooplasmic Components 

Abstract. A cell-free preparation of the cytoplasm from ac,tivcrted eggs of Rana 
pipiens induces, in demembranated sperm nuclei of Xenopus laevis, formation of a 
nuclear envelope, chromatin decondensation, initiation of DNA synthesis, and 
chromosome condensation. Both soluble and particulate cytoplasmic constituents 
are required to initiate these processes in vitro. The observed changes resemble 
processes occurring during fertilization and the mitotic cycle in ecrrly amphibian 
embryos. Therefore, this cell-free system may be usefirl in biochemic~il analysis of 
the interactions of nucleus and cytoplasm that control nrrclear behavior. 

In the cytoplasm of the fertilized egg, 
the sperm nucleus undergoes changes; 
its nuclear envelope breaks down, its 
chromatin disperses, and a new nuclear 
envelope is assembled around it to form 
the male pronucleus, which enlarges, 
synthesizes DNA, and enters mitosis ( I) .  
Similarly, sperm or somatic cell nuclei 
injected into the cytoplasm of activated 
amphibian eggs decondense, swell, syn- 
thesize DNA, and enter mitosis (2-3). 
Cytoplasmic preparations from Xenopus 
laevis eggs have been shown to induce 
decondensation of the chromatin of red 
blood cell nuclei (4) and DNA synthesis 
in liver nuclei (5). Swelling of sperm 
nuclei in cytoplasmic preparations from 
eggs has been observed in sea urchins 
(6). However, only certain aspects of the 
process of pronuclear formation ap- 
peared to be reproduced in these earlier 
cytoplasmic preparations. We report 
that when demembranated sperm nuclei 
from X.  laevis were incubated in a cyto- 
plasmic preparation from activated Rana 

pipiens eggs, the sperm chromatin un- 
derwent changes similar to those in acti- 
vated eggs. 

Lysolecithin-treated sperm (7) from X. 
laevis were incubated with a cytoplasmic 
fraction prepared from activated R .  pi- 
piens eggs with the buffer and proce- 
dures described (8). Sperm incubated in 
this buffer did not show any morphologi- 
cal change. Instead, the cytoplasmic 
fraction prepared in this buffer induced a 
series of changes in sperm nuclear mor- 
phology (Fig. I). The sperm nuclei were 
highly condensed when added to the 
cytoplasmic preparations (Fig. IA), but 
during incubation they became partially 
decondensed (Fig. 1B). These nuclei 
continued to decondense to form small 
pronuclei, which later enlarged (Fig. 
1C). The decondensing sperm nuclei 
synthesized DNA, as  evidenced by the 
incorporation of [methyl-3~]thymidine 
5'-triphosphate (9) ( L ~ H I ~ T T P ;  Fig. ID). 
This incorporation was inhibited by aphi- 
dicolin (9), a specific inhibitor of DNA 

Fig I Morphology of Xeno- 
pus laevrs sperm nuclel during 
lncubatlon In a cell-free cyto- . 
plasm~c preparation (14). (A) 

C . - 
Intact sperm nucleus (B) Par- B 

* .  
w* - *, D 

tially decondensed sperm nu- * 

cleus. (C) Completely decon- 
densed sperm nucleus. (D) 
Autorad~ograph of decon- . . densed sperm nucleus that . . 
was Incubated for 3 hours In 
the cytoplasmic preparation 
contaming ['HIdTTP (40 kc11 * .  

L .  * .  , *  j 1 .  

ml). (E) Chromosomes with a 
prophase-like appearance. (F) 
Chromosomes with a meta- E , -  F 
phase-like appearance. Magnl- 
fication, x 1100. 




