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Abstract

Cellular prion protein (PrB, the normal isoform of the pathogenic peptide ®rResponsible of the transmissible spongiform encephalopaties
(TSEs), is present in many neural tissues, including neuromuscular junctions (NMJ).

To analyze if this protein could influence the synaptic transmission, we performed an electrophysiological approach to study the effect of cellula
prion protein on a mammalian neuromuscular junction.

The loose patch clamp (LPC) technique enables the study of the whole preparation including the pre- and the post-synaptic domains. In
mouse phrenic—diaphragm preparation, nanomolar concentrations of cellular prion protein were able to induce a very striking potentiation of the
acetylcholine (ACh) release.

The effect was mainly pre-synaptic with an increase of the amplitude of the miniature end-plate currents, probably calcium dependent. Moreove!
an apparent facilitation of the synaptic transmission was noted. The results clearly indicate that cellular prion protein may play a key role in the
function of the neuromuscular junction.
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction of the excitability in the nervous compartment and neuronal
death. Experimental evidences indicate that prion affects Ca

Prions are defined as proteinaceous and infectious parthomeostasis by two different mechanisms. First, evidence
cles, which impart and propagate conformational variabilitythat prion could affects the mechanism of’Caelease from
and cause fatal neurodegenerative diseases, called transmissiioiiernal stores has been proposed by several auffi@8F A
spongiform encefalophatig¢$], but there are no definitive evi- second hypothesis is the reduction of the influx of extracellular
dences on their physiologic functions. Various hypotheses ar€a* through voltage dependent L-type chanrj8isl1]. Other
spreading about prion physiologic functi®]. Some authors hypotheses on prion protein function support a connection
proposed its involvement in cellular adhesion, others in signabetween cellular prion protein (PiPand oxidative stress with
transmissiorj3]. The particular affinity for C&* has proposed an alteration of superoxide dismutase (SOD) metabdisy].
the prion protein as a transporter of this type of ions in the synapPrP-null mice have diminished SOD activity in brain tissue,
tic metabolisn{4—6]. suggesting that PFPmay have a Zn/Cu SOD activitj13].

The main characteristic of the various prion diseases (e.glhis would be consistent with the structure of cellular prion
Creutzfeldt—Jakob disease, Gerstmann-t8sker—Scheinker protein, which indicates that it may have the ability to bind
syndrome, bovine spongiform encephalopathy) is the alteratioBu?* ions.

Indirect evidences supporting the link between prion pro-
tein and oxidative stress was the demonstration of apoptosis in
* Corresponding author. Tel.: +39 071 220 4635; fax: +39 071 220 4635. the brain of scrapie-infected animgls—-16} The anatomical
E-mail address: lambertore@univpm.it (L. Re). localization of the prion protein in the NMJ stimulated many
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experimental studies in the aim to characterize its functional.2. Loose patch clamp
role in physiological condition.

The demonstration that PrP gene is also expressed in mam- This technique permits to record membrane currents, using
malian muscle at the NMJ indicates that Pnray play arole in  relative large patch micropipettes. The patch potential was
the physiology and in the maintenance of the neurorelease pratamped at the resting value, virtually-a70 mV.
cesq17]. The same group, using an immuno-histo-fluorescence The LPC method enables a good control of the series resis-
method demonstrated that in the mouse NMJ thé RBrprefer-  tance all over the experiment. Furthermore, the voltage of the
entially located in the sarcoplasmic cytoplasm, the subsynaptimuscle fiber is well monitored with the same technique and
sarcoplasm being the privileged site. Studies carried out owmirtually clamped at the resting valy23]. Pipette resistances
human and animal tissues demonstrated thaf rRssoci- were of 100-300& and seal resistances, measured after press-
ated with cytoplasmic organelles of central and nerve-muscléng the pipette against the sarcolemma, ranged between 300 and
synapses and secretory granules of epithelial {&8k 600 k2.

The ultrastructural studies were complemented by functional
approaches to discuss on the physiological role of &rfel on  2.3. End-plate signals
the possible pathological mechanisms underlying prion diseases
derived from the anomalous PfRsoform. Other reports indi- Spontaneous miniature (mepcs) and evoked (epcs) end-plate
cate that in mice lacking of the PrP ggi®] no major effect on  currents were recorded with a focal extracellular pipette filled
the function of the neuromuscular junction could be proved. with saline in a Ag—AgCl wire and pressed against the edge of

In the aim to give a contribute to the better understanding ofin end-plate. Reference electrode was a normal saline Ag—AgCl
the prion effects in a totally functional preparation, we startedwire in the solution bath and connected to the ground of the
a preliminary study using the LPC techniq@€] in the mouse amplifier probe. The 10@l measuring pipettes of soft glass,
neuromuscular junction. Indeed, in most of the cited works alll.4 mm outside diameter (Drummond Scientific Company, 500
the authors pay their attention to the fact that®RsRexpressed Parkway, Broomall, USA), were pulled with a 700C Puller
inside the neuron and that it has a main function inside the cel(David Kopf Instruments, Tujunga, CA 910420,USA) fire pol-
Being PrP a glycoprotein, transported on the cytoplasmic mem-shed with a MF83 Microforge (Narishighe, Tokyo, Japan) and
brane and blocked on it by a GPI-anchor. Here, we investigatekiept to a final inner tip diameter ranging from 3 to . After
how this protein could modify the basic electrophysiologicalbeing filled with physiological solution, the electrode was con-
parameters underline the NMJ transmission. nected to a LM EPC7 (List, Darmstadt, Germany) current to

voltage converter. The micromovements of the pipettes were
made possible by three-dimensional micromanipulators (Nar-

2. Materials and methods ishighe, Tokyo, Japan). The nerve stimulation was achieved by
means of a suction electrode. Supramaximal square wave pulses
2.1. Experimental animals of 0.1 ms duration at 2 Hz frequency were applied by a stimula-

tor (S88, Grass, West Warwick, Rl 02893, USA) via a stimulus

Left hemidiaphragms of mice were prepared as describetbolator unit (SIU, Grass, West Warwick, RI 02893, USA). The
previously [21,22] Briefly, Charles River male mice, 30-40 signals were sent to the input stage of the analogue-to-digital
days old, were used in accordance with the National Instituteonverter (A/D D/A unit PCL818, Advantech, Fremont, USA)
of Health Guide for the Care and Use of Laboratory Ani-of a computer system Pentium IV (Epson, Seiko Epson, Suwa,
mals (NIH publication no. 80.23), and all efforts were madeNagano, Japan), which enables a fully automated analysis of the
to minimize both the suffering and the numbers of animalsdata[24], and visualized on a dual-beam storage oscilloscope
After being anesthetized, the mice were sacrificed and the leffTektronix Inc. Beaverton, OR 97077, USA).
hemidiaphragm and phrenic nerve removed and bathed in Krebs’ The data acquisition and calculation software used enables
solution of the following composition (mmott): NaCl (133), the automatic evaluation of the NMJ transmission parameters
KCI (4.7), MgCh (1.2), CaC} (7.2), NabhPOs (1.3), NaHCQ  and a full statistical analysis of the acquired d&tl.
(16.3), Glucose (7.8), pH 7.4, gassed with 95%-&% CG Experiments were started by measuring the pipette resis-
and maintained at room temperature (18222 Concentra- tance when it was immersed in the physiological solution of
tions of MgCh (5-10 mmolt?1) and CaG} (0.9-2 mmolt1) the preparation bath. Square pulses were continuously sent from
were adjusted in order to abolish the twitch of the muscle fiberthe D/A unit to the micropipette and the corresponding current
All chemicals have been purchased from Sigma, St. Louis, MOresponses acquired by the A/D unit. The resistance value of the
USA. micropipette was then monitored on the display unit at the begin-

The muscle was then pinned on sylgard resin, at the bottoming of and during the experiment. After the localization of an
of a bath to maintain the preparation always wet in Krebs’ soluend-plate the micropipette resistance is again measured and its
tion, and placed on the stage of an inverted microscope (Leitzjariation monitored while the tip was pressed against the edge
Oberkochen, Germany). End-plates were visible by transilluof the end-plate terminal.
mination of the preparation with an optic fiber system. The The experiment design was assessed with subsequent
preparation was equilibrated in saline for 30 min before startblocks each characterized by the analysis of the following four
ing the experiments. parameters:
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Table 1
Negative experiments, loose patch clamp control results

Control values Saline Saline Saline Wash out
epc (nA) 2.10 (£1.01; 3) 1.02 &0.12; 3% 0.91 ¢0.17; 3} 0.87 0.08; 3} 0.99 0.19; 3}
mepc (nA) 0.15 (40.05; 3)2 1.11 @0.18; 3} 1.18 @0.33; 3} 1.17 @0.33; 3} 1.01 @0.13; 3%
f(Hz) 2.00 (+1.31; 3) 1.10 & 0.35; 3} 1.26 @0.13; 3% 1.41 @0.40; 3% 1.39 @0.69; 3)
7 (ms) 1.07 (£0.17; 3)2 1.02 ¢0.13; 3% 1.08 0.23; 3% 0.98 @0.23; 3} 1.11 ¢0.12; 3%

Values show the fractional percent variations obtained in three control experiments as regards to the mean control values (bold values, coamplitudEs of
the evoked (epc) and spontaneous (mepc) release, the frequency of the quantalfjededsbé mepcs decay time constar)ti{ave been analysed prior and after
treatment with normal saline. Standard deviations and number of experiments are indicated between parentheses.

a Indicates significant differences of the means.

e ¢pc: recorded stimulating the preparation and collecting 200 +750
evoked events to calculate the mean epcs amplitepete; (
e mepc: recorded on the spontaneously occurring events cap-+500

tured over a 60 s time segment with the evaluation of the mean (PA)
mepcs amplitudenrfepc) and frequencyf; 250 ;
e mepcs decay time: calculated with 20 spontaneously occur- / \\\
ring events, submitted to the statistical analysis of the decay *° ey
phase). Lo Lo |
0.0 2.4 4.8 (ms) 72 (A)

Negative controls, i.e. normal electrophysiological param-
eters were previously recorded in the absence of.PFRe +750
parameters were first recorded after flowing 10 ml of physio-
logical solution at a constant rate of 1 ml miand repeating it~ +500
with the same saline volume and rate for four such treatments P*

as shown infable 1 +250
No significant variation from the control values was observed.
In the experiments using PrPsee Sectior8), subsequent +0
similar blocks were performed either after the flowing of 10 mi
of the tested saline with the desired prion protein concentration o5 7 PP ms) s (B)

or after a final wash out.
The decay phase of the mepcs was calculated on the mepc.7so
decay part that fell within 10-90% of its peak amplitude (see

Fig. 1). The function used was: +500
(PA) !
I = Ipexp /™ +250 '
wherel; is the current at time Ip is the current at time zero [i.e. . S
the peak current] andis the time constant of decay. Marquardt's ~ *0 ="
least squares method was used for the fitting. e o s e ————— .
0.0 24 48 (ms) 72 (C;

2.4. Statistical analysis Fig. 1. Example of spontaneous miniature end-plate currents recorded at the

. o mouse neuromuscular junction in a single experiment. The figure shows digitised
Given data are expressed as the meatandard deviations of  raw data related to the control (A), to the treatment witH*BrBmol -1 (B) and

the means. The statistical significance was assessed by Studert@'§e wash out (C), respectively. To be noted is the increased mepcs amplitude.

t-testp values < 0.05 were considered as significant differencey‘e decay phase is fitted with a mono-exponential function and the kinetics
betvvéen the mea.ns parameters evaluated on-line during the experiment.

2.5. Prion protein The recBoPrP has been solubilized in PBS, (NaCl 137
mmol -1, KCI 2.7 mmol -1, NapHPOs 10 mmol -1, KHoPOy

We used a recombinant bovine cellular prion protein (recBo2 mmol "%, pH 7.4), and subjected to series dilutions to verify
PrP), 23.690 kDa molecular weight, corresponding to the maturthe effect of the prion protein in the neuromuscular junction.
form of bovine PrP, containing six octarepeats, expressed in
Eschetichia coli BL21 (DE3), solubilized from inclusion bodies 3. Results
in 8 M urea, 10 mmolt! MOPS and purified by CM sepharose
chromatography followed by reverse-phase HPLC, C4 column The data obtained in this study are referred to the results from
(Prionics AG, 4irich, Switzerland). six experiments each with a very high statistical weight. They
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Table 2
PrP experiments, loose patch clamp results

Control values Saline PFR5 nmol 1) Pri* (50 nmol 1) Wash out
epc (nA) 1.13 (+0.75; 6) 1.26 40.26; 6} 2.47 40.88; 6} 2.22 (0.50; 6} 2.05 &0.82; 6}
mepc (nA) 0.16 (40.04; 6)2 1.08 &0.11; 6% 1.38 0.50; 6} 1.67 ¢0.33; 6} 1.01 @0.24; 6}
f(Hz) 1.89 (+0.92; 6) 1.45 0.63; 6} 1.90 (£1.01; 6) 4.1443.37; 6) 3.494:4.92; 6)
7 (ms) 1.28 (+0.37; 6)2 1.06 @0.08; 6} 0.89 (0.12; 6} 0.82 (£0.13; 6} 0.99 0.10; 6}

Values show the fractional percent variations induced by BsRegards to the mean control values (bold values, column I). The amplitudes of the evoked (epc) and
spontaneous (mepc) release, the frequency of the quantal reflease the mepcs decay time constanti{ave been analysed prior and after treatment with normal
saline. Standard deviations and number of experiments are indicated between parentheses.

a Indicates significant differences of the means.

represent a preliminary approach to a following wide study stillappearance of supramaximal pulses with muscle contractions
in progress. Looking to the very potent effect of nanomolafPrP (Fig. 4) probably bind to a facilitation of the ACh synaptic
concentrations, unusual for this kind of preparation, we thinkelease.
useful a rapid diffusion of the results obtained in this work. To evaluate the calcium dependence of the®Riffects, in

Noteworthy, the prion protein induced a significant modi- some experiments we adjust the ¥goncentration to a higher
fication of the analysed parameters related to the mouse nelgvel in the aim to antagonize the calcium influx in the presynap-
romuscular junction. The statistical analysis of the spontaneoutsc terminal. The complete disappearance of the evoked signal
release indicates anincrease of the mepcs amplitude with a sligbain be noted after increasing magnesium concentration from 10
reduction of the decay timé-{g. 1; see alsdable 2. to 15 mmol I (5C) in the presence of PFB nmol I (Fig. 5).

Moreover, the frequency of the quantal release was constantly In Table 2are summarised the mean fractional percentage
increased by the higher PrRoncentration of 50 nmotftas  variation from the reference values obtained in the presence of
regards to the control, indicating a modification of the pre-nanomolar PrPconcentration in six experiments. To take into
synaptic environment due to the vesicle fusion with the plasmatiaccount that a single experiment, due to the large nhumber of
membrane. The example reportedHig. 2 clearly indicates an data acquired (see Secti@h gave us highly significant mean
increased mepcs frequency.

The effects obtained with 5nmolt PrP on the evoked

- . : 6.00
release are shown ifig. 3. To be noted is the increase of the * 2.54] [2.88]
epcs amplitude and the partial recover after the first wash out. **59
In all the experiments the facilitation induced by a 10- +3.00 /
fold higher PrP® concentration (50 nmotf') leads to the  .1s50 /
\
+0.00 =
-1.
0'- 1 %0 20 40 60 80 100(A)
= . » 2
L +6.00 [3.95]
2 3 +4.50
SL 4 +3.00 //\ \
L 1
4 A 5 +1.50 j \
L +0.00
5 6 (A)
159% 20 40 60 80 10.0(B)
L
0 1
= e 5 +6.00 [1-29] [B.24]
L +4.50
2 3
+3.00
L i \ /
3 4 +1.50 / ~
Froen,
4 L \ 5 +0.00 ¥ 7 o
.- ; 6(B) -1.50

00 20 40 60 80 (ms) 20 40 60 80 10.0(C)
[vertical bar = 300 pA horizontal bar = 25 ms]

Fig. 3. Averaged signals (on the right) obtained by 200 evoked end-plate currents
Fig. 2. Example of spontaneous miniature end-plate currents recorded at thecorded at the mouse neuromuscular junction in a single experiment. The figure
mouse neuromuscular junction in a single experiment. The figure shows digitiseshows digitised raw data related to the control (A), to the treatment with PrP
raw data related to the mepcs captured in the first 6 s of a 60's recorded line Binmol I (B) and after the final wash out (C), respectively. In the left is shown
the control (A) and after the treatment with P%0 nmol I-* (B). To be noted  the superimposition of the total signals. Number within the brackets indicates
is the increased frequency and amplitude of the spontaneous events. the mean amplitude of the respective signals.
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+5.00 [0.51] [0.70] 4. Discussion

+3.75

+2.50 The appearance of a class of very serious neuropathies (TSES)
(nA) stimulated many studies on the characterisation of the believed
125 | infectious agent identified as an abnormal isoform of the prion
+0.00 protein, namely Pr. The physiological prion protein, PYP

-1.25 is widely distributed in neural tissu¢26,27] and in NMJs as

00 20 40 6.0 80 (ms) 2.0 40 6.0 80 10.0 (A) . ] .
well [28,17] According to the possible routes of propagation

of ingested infectious PR after oral intake, prions may pene-

+5.00 1.20] [1.53] . . 3

375 | trate the intestinal mucosa, through M cells, and reach Peyer’s
' \ patches as well as the enteric nervous system. From the lym-

R \ phoreticular system and likely from other sites, prions proceed

+1.25 along the peripheral nervous system to finally reach the nervous

+0.00 s structures, either directly via the vagus nerve or via the spinal

125 Y cord, with the involvement of the sympathetic nervous system

00 20 40 6.0 80 (ms) 20 40 6.0 80 10.0 (B) [29-32]

Fig. 4. Averaged signals (on the right) obtained by 200 evoked end-plate currents Some studies carried out with different techniques, revealed
recorded at the mouse neuromuscular junction. The figure shows digitised ragn alteration of the G4 intracellular concentratiof33,34] The

data related to the control (A) and to the treatment witfFB@Pnmol I (B). In authors argued that the Caalteration could not be directly

the left is shown the superimposition of the total signals. The distortion of theDound to the voltage gated calcium channels, as previously

signalinthe left of panel (B) is indicative of supra-threshold potential showing an . .
increased excitability of the neuromuscular junction. Number within the bracket?bserveqSS]' Nevertheless, the changes irrCnflux could be

indicates the mean amplitude of the respective signals. partially masked by the same patch-clamp technique [8§d
The first demonstration of the PrP in human NN2B]

values for each evaluated parameter. The very striking effedhdicated a high concentration in the junction nearby the post-

constantly seen with nanomolar Préoncentration represents synaptic ACh receptor.

the first report on the possible function exerted at this level by The data of the present study are indicative that very low

the physiologic prion protein isoform. PrP concentrations modify the synaptic release at the mouse
NMJ, showing that soluble P¥Roresent in the NMJ, can directly
+2.00 [0.86] [0.80] increase neurotransmission, perhaps via calcium release, inter-
+1.50 : acting with calcium channels or creating itself channels for this
+1.00 type of ions.
+(()r_‘?3 . N Our results demonstrate that on this preparation nanomolar
| / PrP concentrations affect the nicotinic receptor, inducing an
+0.00 apparent potentiation of the ACh action. Whether these effects
00 e 60 B e 50 a0 60 50 100 (A) could be ascribed to a cytosolic redistribution ofCmns or to
a specific effect on the cholinergic nicotinic receptor will be dis-
+2.00 [1a9] X cussed. The signals obtained in this NMJ and the high sensitivity
+1.50 of the recording techniqui21] enabled a careful estimation of
.00 ~ the parameters characterizing either the pre-synaptic or the post-
(nA) / synaptic function of this peripheral synapse.
+0:50 | ] _ Taking into account the effect on the evoked and spontaneous
+0.00 sy — ACh release, we have to explain the possible molecular event
0 e e e s e (B) induced by PrPeither at the pre-synaptic or at the post-synaptic
level. The quantal conductance change, i.e. the channel lifetime,
+2.00 X ] at post-synaptic Ie_vel isdueto th_e interf'iction with the mql_ecular
150 complex resp(_)nsmle for the gating action or to the mhlbmon of
ACh hydrolysis[36]. The decay phase of the synaptic current
7}{,‘3)0 i generated by a single mepc normally arises from the rate con-
+0.50 J i stant of the conformational change, reflecting the closing of the
+0.00 ~Lﬁ1—ﬂr-— i ACh-sensitive channe[87,38], i.e. a pure post-synaptic event.
On the other hand, at pre-synaptic level the cytosolic calcium

-0.50
o )
00 20 40 60 80 (M) 20 40 60 80 100 (G levels modulate the rate of either the spontaneous or the evoked

Fig. 5. Averaged signals (on the right) obtained by 200 evoked end-plate cutmediator release.

rents recorded at the mouse neuromuscular junction. The figure shows digitised |n our work we observed the following:

raw data related to the control (A), to the treatment with®®Bmol -1 (B) and

after a wash out (C) with an increased magnesium concentration (from 10 to . . .

15mmol 1). In the left is shown the superimposition of the total signals. Num- 1. increase of the amplitude of the evoked signals (epcs);

ber within the brackets indicates the mean amplitude of the respective signal2. increase of the amplitude of the spontaneous signals (mepcs);
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3. increase of the mepcs frequency; [9] Florio T, Grimaldi M, Scorziello A, Salmona M, Bugiani O,
4. increase of excitability either at pre- or at post-synaptic com-  Tagliavini F, et al. Intracellular calcium rise through L-type cal-
partments cium channels, as molecular mechanism for prion protein fragment

106-126-induced astroglial proliferation. Biochem Biophys Res Com-
mun 1996;228:397—-405.
Points 3 and 4 are commonly related to a calcium dependefi0] Florio T, Thellung S, Amico C, Robello M, Salmona M, Bugiani O,
action. Indeed, any alteration of cytosolic calcium ions concen- &t al. Prion protein fragment 106-126 induces apoptotic cell death and

. . . impairment of L-type voltage-sensitive calcium channel activity in the
tration usually led to a modulation of the ACh release. Points 52" .o/ ine. J Neurosci Res 1998:54:34152.,

1 and 2 may dgpend either from a pre-synap_tic aCti_on: C3:|Ciur[11] MacManus A, Ramsden M, Murray M, Henderson Z, Pearson HA,
dependent, which can alter the refilling of vesicles with a higher ~ Campbell VA. Enhancement of (45) Ca (2+) influx and voltage-
amount of ACh molecules or from a post-synaptic facilitation =~ dependent Ca (2+) channel activity by beta-amyloid-(1-40) in rat cor-

in terms of an increased number or conductance of the single t|ca_| synaptosomes ar?d cgltured cprtlcal neurons. Modulation by the
. . proinflammatory cytokine interleukin-1beta. J Biol Chem 2000;275:
junctional receptors.

. ) i 4713-8.
A further observation derived from our data is related to thg12] milhavet O, McMahon HE, Rachidi W, Nishida N, Katamine S, Mange

decrease of the mepc decay time, i.e. the channel lifetime. Pre- A, et al. Prion infection impairs the cellular response to oxidative stress.
vious datg39] described that the loss of the pre-synaptic®PrP ~ Proc Natl Acad Sci USA 2000;97:13937-42.
expression is responsible for the prolongation of the rise timét3] Brockes JP. Topics in prion biology. Curr Opin Neurobiol 1999;9:571-7.
. . 14] Fairbairn DW, Carnahan KG, Thwaits RN, Grigsby RV, Holyoak GR,
of p_ost_-sy_napnc currents. These al_teratl_ons COUIc_j be due to the O'Neill KL. Detection of apoptosis induced DNA cleavage in scrapie-
redistribution of copper concentrations in synaptic membrane, infected sheep brain. FEMS Microbiol Lett 1994;115:341-6.
modifying the channel conductance variation induced by AChJ[15] Giese A, Groschup MH, Hess B, Kretzschmar HA. Neuronal cell death
In conclusion our experimental results well complement the in scrapie-infected mice is due to apoptosis. Brain Pathol 1995;5:213-21.
previous work done in the aim to characterize the function and6] Lucassen PJ, Wiliams A, Chung WC, Fraser H. Detection of apoptosis
. . . . in murine scrapie. Neurosci Lett 1995;198:185-8.
the phys_lolog|cal role of the prion protein in one of the most COMy17] Gohel C, Grigoriev V, Escaig-Haye F, Lasmezas Cl, Deslys JP,
mon peripheral synapse. The use of LPC for the characterization ' |angeveld J, et al. Ultrastructural localization of cellular prion protein
of the pharmacological properties of different pharmacological  (PrP) at the neuromuscular junction. J Neurosci Res 1999;55:261—7.
agents could improve the knowledge of the related moleculdi8] Fournier JG, Escaig-Haye F, Grigoriev V. Ultrastructural localization of
events. The work is still in progress in the aim of a better defini- prion proteins: physiological and pathological implications. Microsc Res
. . . Tech 2000;50:76-88.
tion of the repgrted events, pqrncularly addressed to cla_rlfy thﬁg] Brenner HR, Herczeg A, Oesch B. Normal development of nerve-
role of the calcium and copper ions and the receptor functionality * myscle synapses in mice lacking the prion protein gene. Proc Biol Sci
using the same technigue in mice devoid of PrP 1992;250(1328):151-5.
[20] Stihmer W, Roberts WM, Almers W. The loose patch clamp. In: Sak-
mann B, Neher E, editors. Single Channel Recording. New York: Plenum
Acknowledgements Press; 1983. p. 123-32.
[21] Re L, Cola V, Fulgenzi G, Marinelli F, Concettoni C, Rossini L. Post-
The present scientific work was partially Supported by synaptic.effects of methoctramine at the mouse neuromuscular junction.
. . h Neuroscience 1993;57:451-7.
MURST f“”qs gllven to L Re. We thank P”P”'CS and the IStI'[22] Re L, Cola V, Fulgenzi G, Marinelli F, Concettoni C, Rossini L. Mus-
tuto Zooprofilattico Sperimentale dell’lUmbria e delle Marche carinic receptors in mouse neuromuscular junction: on the effects of

of Perugia, Italy, for the kind supply of the prion protein. some agonists and antagonists. Gen Pharmacol 1993;24:1447-53.
[23] Re L, Moretti V, Rossini L, Giusti P. Sodium-activated potassium current
in mouse diaphragm. FEBS 1990;270:195-7.
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