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Methods

Media and yeast strains. GM-agar (1% yeast extract, 3% glycerol, 2% agar,
30 mM CaCl,); GM-BKP agar (GM-agar, 0.01% bromcresol purple); minimal
agar MA (0.1% KH,PO,, 0.5% (NH,),SOy, 0.05% MgSOy, 3% glycerol, 0.1%
Wickerham’s vitamin solution®®, 2% agar); minimal agar with casamino acids
MACA (MA, 0.5% casamino acids). Cultivation temperature was 28 °C.

Strains of S. cerevisiae 3638 (CGX15 a/a shr3-102/SHR3 ura3-52/URA3),
3639 (CGX19 a/a shr3-102/shr3-102 ura3-52/ura3-52), 3640 (CGX31 a/a ura3-
52/ura3-52); 1505 (a dprl-1 his3 leu2 ura3 trpl ade canl RAS2'™"); 2700
(RC757 a sst2 rmel his6 metl canl cyh2); 2112 (a barl::HISG ura3 leu2-3 112
trpl-1 his3 ade2-1 met) were kindly provided by K. Nasmyth (Institute of
Molecular Pathology, Vienna). Strains of S. cerevisiae KT131 (o ura3 leu2
ras2::LEU2 trpl his3 lys lys2), KT301 (« ura3 leu2 RAS2Y" trp1 his3 Iys1 lys2)
were kindly provided by A. Pichova (Institute of Microbiology, Prague). Strain
GRF18 (o his3 leu2) and other wild-type yeast strains were from the Collection
of Yeast Cultures of the Department of Genetics and Microbiology (DMUP),
Charles University, Prague.

Photography. Colonies were photographed either with illuminating light
coming through a plate from the bottom (Figs 1, 2, 3, 4, 5b, 6) or they were
illuminated from above (Fig. 5¢).

Ammonia detection and concentration measurement. Volatile compounds
produced by growing colonies were absorbed into 0.2 ml of either 2% HCI or
10% citric acid (located as shown on Fig. 4Aa) for one week and analysed by (1)
precipitation with Nessler’s reagent and (2) HPLC chromatography on column
(150 X 4 mm) of Watrex Cation 1-2, mobile phase citric acid 5 mM, dipicolinic
acid 0.5 mM, conductomonitor III (TSP), performed by the Watrex company
(Prague).

In the experiment presented in Figs 4 and 5, nitrogen content (N) in the HCI

traps was measured in each sample as follows: 100 pl aliquots were mixed with
100 pl of 100 mM HCI and 200 pl of sodium phenolate (20% phenol, 8.9%
NaOH). 600 pl of 1% sodium hypochlorite (water solution, containing 3% free
chlorine) was added and the reaction mixture was heated at 80 °C for 1 h. After
cooling to ambient temperature, the concentration of indophenol blue was
measured at 625nm. For calibrations, aqueous (NH,),SO, solutions (1-
20 wg Nml™") were used.
Induction of colony growth inhibition and turbid zone formation by NH;
concentration gradients. Ammonia was generated in a small vessel contain-
ing NH,Cl (70 mg) and 1 M NaOH (70 pl). The vessel was placed on the plate as
shown on Fig. 4Ba, concurrently with ‘giant’ colony inoculation.
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Action-potential propagation
gated by an axonal I5-like K*
conductance in hippocampus
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Liischer et al.' have not shown that action potential propagation is
normally reliable, as was inadvertently implied in our Letter. Their
study demonstrates rather that action potentials can fail at axonal
branch points in dorsal root ganglion cells, particularly during high
frequencies of discharge. U

1. Liischer, C,, Streit, J., Quadroni, R. & Liischer, H.-R. Action potential propagation through embryonic
dorsal root ganglion cells in culture. I. Influence of the cell morphology on propagation properties. J.
Neurophysiol. 72, 622—633 (1994).

Activation of the transcription
factor Gli1 and the Sonic
hedgehog signalling pathway
in skin tumours

N. Dahmane, J. Lee, P. Robins, P. Heller & A. Ruiz i Altaba

Nature 389, 876—881 (1997)

The contents summary page in the issue of 23 October included an
item on this Letter that was somewhat misleading. A more accurate
summary reads: “Patients with basal cell nevus syndrome develop
basal cell carcinomas (BCCs) early in life and carry mutations in the
Patched gene, which encodes a receptor for the Sonic hedgehog
ligand. These findings implicated the activation of the Sonic hedge-
hog signalling pathway in the familial or inherited form of BCC.
However, the molecular mechanisms underlying the development
of sporadic BCCs, the commonest form of skin cancer in fair-
skinned adults with over a million cases a year worldwide, remained
unknown. Now Dahmane et al. provide compelling evidence that
virtually all sporadic BCCs have the Shh signalling pathway acti-
vated as determined by the expression of the zinc finger transcrip-
tion factor Glil, the final target and mediator of Shh signalling. The
work predicts that any mutations that lead to the activation of this
pathway in basal cells, and thus to Glil transcription and function,
will cause basal cell cancer. Moreover, work in model organisms
shows that inappropriate expression of Glil in the skin leads to the
development of epidermal tumours. Glil may thus be both a marker
and cause of BCC formation, making prospects for early diagnosis
and possible treatment of this widespread type of skin cancer
feasible.”

NATURE |VOL 390 |4 DECEMBER 1997




letters to nature

In a two-alternative forced-choice procedure, three human

observers (two of whom were naive) were able correctly to dis-
criminate 1.2° crossed and uncrossed disparities applied to our
correlated patterns, regardless of dot density. None of the subjects
was able to make these discriminations with our denser anti-
correlated patterns (50 and 7.5%), even when a central (binocular)
fixation spot remained available on the screen as a reference to allow
a relative depth judgement'. However, all of the subjects were able
to make these discriminations (correctly) with the least-dense
anticorrelated patterns (0.6%), with or without the reference spot.
These findings are all in agreement with a previous study’ which
showed that some subjects can perceive depth in low-density
anticorrelated patterns (<5%). Our data with dense patterns
provide a clear instance of a dissociation between sensory percep-
tion (depth) and motor responses (short-latency vergence). This is
consistent with the idea that the earliest vergence responses reported
here depend on inputs derived from an early stage of cortical
processing. O
Methods
Vergence eye movements. Most techniques have been described
previously"?. The positions of both eyes were recorded using the electromag-
netic search coil technique®'. Subjects faced a tangent screen (viewing distance
33 cm; subtense, 80° X 80°) onto which two random-dot patterns were
simultaneously back-projected. Patterns could be (1) high-density (2° diameter
dots covering 50% of the image space) or (2) low-density (2° dots with 7.5%
coverage, or 0.5° dots with 0.6% coverage), with the additional constraint that
dot centres had minimal separations of 5°. Orthogonal polarizing filters in the
projection paths ensured that each of the two eyes saw only one of the patterns,
the horizontal positioning of which was controlled by mirror galvanometers.
For high-density correlated stimuli, patterns seen by each eye had matching
black dots on a white background. For high-density anticorrelated stimuli, the
left eye saw black dots on a white background and the right eye saw a matching
negative image (white dots on a black background). The low-density patterns
were similarly arranged, except that the dots always appeared against a grey
background. Trials started with the screen blank (same space-averaged lumi-
nance as for the patterns), except for a target spot projected onto the screen 10°
right of centre, which the subject was required to fixate. After a randomized
interval this spot was extinguished and a second appeared at the centre of the
screen. Subjects were required to make a saccadic eye movement to acquire this
new target, at which time the target was switched off. With gaze now directed at
the screen centre, stationary random-dot patterns with a fixed disparity
appeared (post-saccadic delay: 30 ms for monkeys and 50 ms for humans)
for a brief period (100 ms for monkeys and 200 ms for humans) before the
screen was blanked, ending the trial. This procedure served to apply the
disparity stimuli in the wake of centring saccades to take advantage of post-
saccadic enhancement"’. Disparities ranged from 0 to 12.8° (crossed and
uncrossed, correlated and anticorrelated patterns) and varied randomly from
trial to trial. All data shown have had the responses to zero disparities (plotted
separately as square symbols in Fig. 1b, c¢) subtracted to eliminate any post-
saccadic vergence drifts and idiosyncratic responses to the mere appearance of a
pattern. This has the effect of forcing all the disparity tuning curves through the
origin.
Psychophysical tests of depth discrimination. In a two-alternative forced-
choice procedure, human subjects were asked to indicate whether a random-
dot pattern appeared nearer or farther from the projection screen when
subjected to 1.2° crossed and uncrossed disparities for 200 ms, exactly as in the
experiments described above. Because our patterns provide only absolute
disparity cues, trials were also included in which a central fixation spot
remained available as a reference".
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Action-potential propagation
gated by an axonal 1,-like K*
conductance in hippocampus

Dominique Debanne*, Nathalie C. Guérineau*,
Beat H. Gahwiler & Scott M. Thompson

Brain Research Institute, August Forel-Strasse 1, CH-8029 Zurich, Switzerland
Integration of membrane-potential changes is traditionally
reserved for neuronal somatodendritic compartments. Axons
are typically considered to transmit reliably the result of this
integration, the action potential’, to nerve terminals**. By record-
ing from pairs of pyramidal cells in hippocampal slice cultures*,
we show here that the propagation of action potentials to nerve
terminals is impaired if presynaptic action potentials are preceded
by brief or tonic hyperpolarization. Action-potential propagation
fails only when the presynaptic action potential is triggered
within the first 15-20ms of a depolarizing step from hyper-
polarized potentials; action-potential propagation failures are
blocked when presynaptic cells are impaled with electrodes con-
taining 4-aminopyridine, indicating that a fast-inactivating, A-
type K conductance is involved. Propagation failed between
some, but not all, of the postsynaptic cells contacted by a single
presynaptic cell, suggesting that the presynaptic action potentials
failed at axonal branch points. We conclude that the physiological
activation of an I-like potassium conductance can locally block
propagation of presynaptic action potentials in axons of the
central nervous system. Thus axons do not always behave as
simple electrical cables: their capacity to transmit action poten-
tials is determined by a time-dependent integration of recent
membrane-potential changes.

* Present addresses: Unité de Neurocybernétique Cellulaire, UPR9041 CNRS, 280 Bld Sainte Marguerite,
13009 Marseille, Franc (D.D.) CCIPE, U469 INSERM, 141 rue de la Cardonille, 34094 Montpellier
CEDEX 5, France (N.C.G.).
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Intracellular recordings were made from pairs of monosynapti-
cally coupled hippocampal pyramidal cells** in organotypic slice
cultures®. The postsynaptic cell can be used as a detector for the
propagation of action potentials in the presynaptic cell axon,
provided there are no complete failures of transmitter release
from all of the synapses formed by that axon with the postsynaptic
cell. Only monosynaptic connections’, which have relatively invar-
iant latencies between the peak of the presynaptic action potential
(pAP) and the onset of the excitatory postsynaptic potential or
current (EPSP/C), were studied (Fig. 1a, top right). Cell pairs were
studied only if EPSP/Cs were elicited in every trial (>50) when the
PAP was evoked with a brief depolarization at 0.3 Hz from mem-
brane potentials less negative than —65mV (Fig. 1a, lower right
histogram). If a brief hyperpolarizing current pulse was applied
immediately before induction of the pAP, no EPSP was observed
(Fig. 1b). When the interval between the end of the hyperpolarizing
current pulse and the induction of the pAP was >20 ms, then the
pulse did not prevent the pAP from eliciting an EPSP (Fig. lc).
Similar effects were observed in four of nine CA3—CA3 and four of
thirteen CA3—CA1 cell pairs tested, and persisted for as long as the
two impalements could be maintained (up to 2.5 h; mean duration,
56 * 21 min). Small, locally elicited hyperpolarizing inhibitory
synaptic potentials were also sufficient to prevent subsequently
evoked pAPs from eliciting EPSPs in many trials (n = 3 cell pairs;
results not shown).

Failure to observe an EPSP/C after a hyperpolarizing current
pulse can be attributed to failure of pAP propagation to the nerve
terminal, rather than failure of the pAP to trigger transmitter
release. First, there were no failures when the pAP was evoked at
potentials less negative than—65 mV. Second, EPSPs failed in an all-
or-none fashion (compare with ref. 7). The distribution of non-
failure EPSP amplitudes was similar for interstimulus intervals that
resulted in intermittent failures and for EPSPs elicited with no
hyperpolarizing pulse (Fig. 1d). A direct effect of the hyperpolariz-
ing pulse on the membrane potential of the presynaptic terminal
cannot be ruled out, but it is electrotonically unlikely because CA3
cell axons are unmyelinated®, the hyperpolarizing pulses were small
(15-40 mV), and the distance between pre- and postsynaptic cell
somata was large (>1 mm for CA3—CAl and >150 pm for CA3—
CA3 connections). Furthermore, synaptic responses could not be
elicited in the presence of tetrodotoxin (compare with ref. 7).

We considered that propagation failures occur when the depolar-
izing pulse used to elicit the pAP activates a voltage-dependent
conductance that is inactivated at the resting membrane potential
(RMP). Because the hyperpolarizing pulse does not block the action
potential recorded with the somatic electrode in the presynaptic cell,
this conductance must shunt the action potential in the axon at
some point distal to its site of initiation in or near the axon
hillock™".

Propagation failures were also observed when the pAP was
elicited from a constant hyperpolarized potential (Fig. 2). The
probability of observing propagation failures depended upon the
interval between the onset of the depolarizing pulse and the
occurrence of the pAP. Propagation failures were not observed
with delays of > 20 * 4ms (n = 6) (Fig. 2a), implicating a con-
ductance with fast inactivation. Recovery from inactivation
occurred rapidly at potentials more negative than —80mV, as
tested with a subthreshold depolarizing prepulse (30 ms duration)
elicited at various intervals preceding the pAP. When the prepulse
preceded the pAP by > 22 * 7 ms (n = 3), propagation failures did
not occur (Fig. 2b).

The involvement of I, in propagation failure was tested using
microelectrodes containing 4-aminopyridine (40 mM), a blocker of
I,-like conductances'"?, to record from the presynaptic cell. Upon
impalement, pAPs failed to elicit EPSPs when the cells were
hyperpolarized. Within 2 min, however, the pAP always elicited an
EPSP (n =15) (Fig. 3a). 4-Aminopyridine had no effect on the
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amplitude of EPSPs elicited from the RMP (103 = 11%;n = 3). We
conclude that activation of an I-like conductance underlies pro-
pagation failure. Furthermore, the rapidity with which 4-amino-
pyridine blocks propagation failure suggests that this conductance
is located within a short distance of the cell body. I, is also sensitive
to 4-aminopyridine'®, but its inactivation and recovery from inac-
tivation are too slow to be involved in the effects described.

Because inactivation of I, is fast, bursts of pAPs generated at
hyperpolarized potentials should be transmitted more reliably than
single pAPs. Indeed, although the first pAP in a train often failed to
trigger an EPSP, subsequent pAPs regularly elicited EPSPs (n = 4)
(Fig. 3b).

Simulations of action-potential propagation in axons predict that
conduction can be delayed by ~1 ms or abolished when membrane
conductance is locally increased". We therefore measured the
synaptic latency, which is the sum of the axonal pAP conduction
time and the presumably invariant synaptic delay. Indeed, synaptic
latency was greatest for pAPs elicited with the briefest delays that did
not result in propagation failures (Fig. 4a). On average, synaptic
latency increased by 0.8 = 0.1 ms (n = 5). These results are thus
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consistent with the hypothesis that depolarization of the presynap-
tic cell from a hyperpolarized potential activates a shunting con-
ductance in the cell’s axon.

Failures of propagation were not observed in all cell pairs. This
could indicate that the I,-like conductance is not sufficiently large to
shunt the pAP in every cell, or it may reflect anatomical and
geometrical differences between different axon collaterals of a
single presynaptic cell. In three cell pairs in which hyperpolarization
of the presynaptic cell prevented the occurrence of EPSPs in one
postsynaptic cell, another postsynaptic cell could be impaled in
which propagation failures could not be generated (Fig. 4b). The
PAP can thus fail to propagate in some, but not all, axon collaterals
upon activation of I,.

We conclude that there are I,-like K* channels in the proximal
axonal membrane that are inactivated at somatic membrane poten-
tials less negative than —65mV, permitting action potentials to
propagate reliably to nerve terminals. When the presynaptic
neuron is transiently hyperpolarized, such as immediately after an
inhibitory synaptic potential, the I, channels are deinactivated.
They can then become rapidly activated during a depolarization
preceding the occurrence of an action potential, and shunt
propagation of the action potential along the axon.

Axonal branch points and swellings are associated with failures of
action-potential propagation'>'®. The axons of CA3 pyramidal cells
often have many branch points close to the cell body*", and we
suggest that pAP propagation failures may occur there. There is
immunocytochemical evidence that the A-type K* channel Kv1.4 is

a b

1*&"}» 1
ZM

Delay 6 ms
— S a Py

Ak

o

2 A A s s o Pt et

ISt 12 ms

\ __ﬁ/’“h}t .

2

Delay 34 ms

1:{"/k N

A

M
2

20ms

SUNIIGUY (e S

ISI 31 ms

1_r—~\kg___‘f_vl
A A ’"‘Vl

A e i W U
Zoms

e e
2 8 -
o o

S & -

°
e

Probability
°
2

Probability

°
®
o
iy

!

15 20 25 30 35 40 45 L] 5 10 15 20 25 30 35
Delay (ms) Interstimulus interval (ms)

o
o |

a 5 10

Figure 2 Inactivation and deinactivation of conductance underlying failure of
action potential (AP) propagation. Same cell pair as in Fig. 1. a, At the resting
membrane potential (RMP) (-65mV; horizontal line), pAPs in cell (1) always
evoked EPSPsin cell (2). With cell (1) at—100 mV, EPSPs occurred only when pAPs
were elicited with long delays, as summarized in the bottom panel (80 trials,
sigmoid function: X, = 15 ms;r? > 0.999). Delay time is indicated by arrowheads.
b, Presynaptic cell at -85 mV. Propagation failures occurred only when a
depolarizing pulse preceded AP induction by a long interval, as summarized in
the bottom panel (80 trials, sigmoid function, X5, = 16 ms; r?> > 0.98). ISI, inter-
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present in the axons of hippocampal pyramidal cells'® and electro-
physiological evidence for 4-aminopyridine-sensitive K™ channels
in the axons of retinal ganglion cells'.

The frequency-filtering characteristics of the hippocampus will
be significantly affected by the phenomena described here. If the
membrane potential of pyramidal cells is more negative than —65 mV,
for example as a result of hyperpolarizing GABAergic synaptic
potentials or the action of extrinsic neuromodulators, then I, is
available for activation by all fast depolarizations, such as EPSPs.
Suprathreshold EPSPs will trigger action potentials, but their
propagation will be impaired because the time-to-peak of EPSPs
(5-10 ms) is shorter than that required for the channels to inacti-
vate (~24 ms). Tonic hyperpolarization thus favours transmission
of bursts of action potentials (Fig. 3b). Cell-to-cell transmission of
single action potentials, in contrast, will occur best when pyramidal
cells are relatively depolarized.

The temporal sequence of membrane potential changes preced-
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Figure 3 |, mediates propagation failure. a, When presynaptic cells (1) were
impaled with electrodes containing 40 mM 4-aminopyridine, the voltage-depen-
dent failure to elicit EPSPs was observed during the first minute of recording, but
not when 4-aminopyridien had diffused into the presynaptic cell for 2min. The
resting membrane potential (RMP) of cell 1 was —-62mV. b, When two or more
action potentials were elicited from potentials more negative than =76 mV, the first
action potential always failed to trigger an EPSP, but no failures were seen
following the second or third action potential in a burst (n, 5-12).
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Figure 4 Propagation failures are associated with conduction delays and occur at
branch points. a, Presynaptic neuron (1) hyperpolarized to =77 mV. ApAP induced
with a 4.2ms delay after onset of depolarizing pulse did not elicit an EPSC.
Increasing delays permitted pAP propagation and reduced synaptic latency, as
summarized underneath. Horizontal line indicates mean latency at resting
membrane potential (RMP). b, When CA3 cell (1) was tonically hyperpolarized,
no EPSPs were elicited in another CA3 cell (2). The electrode was then removed
from cell (2) and inserted in CA3 cell (3). EPSPs were always generated. pAPs
thus failed in the collateral of cell (1)'s axon to cell (2), but not in the branch to
cell (3).
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ing induction of an action potential in a neuron thus determines the
functional coupling between cells. Unlike in invertebrates'>'s and
dorsal root ganglion cells’, where pAPs fail only at frequencies >
10 Hz, propagation failures can also occur at low frequencies of
stimulation. Furthermore, failures of a stimulus to elicit a post-
synaptic response, usually interpreted as a transmitter release fail-
ure, can also result from failures of action-potential propagation®.
In conclusion, axons need not always behave as simple cables,
obliged to conduct action potentials faithfully from the cell body to
nerve terminals (see also ref. 21): rather, we find that axons have the
ability to ‘integrate’ recent changes in membrane potential—a
facility previously reserved for neuronal dendrites and cell bodies.
The recent past of the presynaptic neuron thus determines the fate
of its output. O
Methods
Hippocampal slice cultures were prepared from 6-day-old rat pups and
maintained for >2 weeks in vitro as described®. For electrophysiological
recordings, cultures were transferred to a recording chamber mounted on an
inverted microscope and continuously superfused with warmed (32 °C) saline
containing (in mM): Na*, 149; CI', 149; K, 2.7; Ca**, 2.8; Mg*", 2.0; HCO3,
11.6; H,PO}, 0.4; glucose, 5.6; and phenol red (10 mg ") at pH 7.4. Pyramidal
neurons were impaled in stratum pyramidale using sharp microelectrodes filled
with 1 M potassium methylsulphate’. In some experiments, postsynaptic cells
were recorded with whole-cell techniques’. The analog signals from the two
electrodes were digitized at 18 kHz and recorded on a video tape recorder. Off-
line acquisition of 200-ms sequences was performed on an IBM PC (Acquisl,
Bio-logic, Claix, France).
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30% sucrose/PBS, and 15-wm sections hybridized at 52 °C in 50% formamide
containing 0.3 M NaCl, 20 mM Tris, pH 7.4, 5 mM EDTA, 10 mM NaH,PO,, 1x
Denhardt’s solution, 10% dextran sulphate, and 0.5 mg ml™! yeast RNA to g
labelled RNA probes transcribed from linearized plasmid templates and
hydrolysed in alkali to ~300 nucleotide fragments®. After washes in 50%
formamide and digestion with RNase A, the slides were autoradiographed.
Immunofluorescence. Primary hippocampal cultures were grown on poly-p-
lysine-coated glass coverslips for two weeks, fixed in 4% paraformaldehyde/PBS
for 20 min, rinsed in PBS, blocked in 0.02% saponin, 2% BSA, 1% fish skin
gelatin/PBS (blocking buffer) for 1h and incubated for 90 min with anti-
rVGAT polyclonal rabbit and anti-synaptophysin monoclonal mouse anti-
bodies diluted 1:100 in blocking buffer, all at room temperature. The cells were
then washed, incubated in secondary anti-rabbit antibody conjugated to
fluorescein and anti-mouse antibody conjugated to rhodamine (both Cappel)
both diluted 1: 100, washed, the coverslips mounted on class slides, and viewed
under epifluorescence.

Membrane preparation. The rat unc-47 homologue cDNA subcloned into the
plasmid expression vector pcDNA3-Amp (Invitrogen) was introduced into
PC12 cells by electroporation®. The cells were then selected in 800 wgml™
G418 (effective) and the resulting clones examined by immunofluorescence'®
using a rabbit polyclonal antibody (R.R., S.M. & R.H.E., manuscript in
preparation). Using the two cell clones with the highest level of immuno-
reactivity, membranes were prepared by first resuspending the washed cells in
0.3 M sucrose, 10mM HEPES-KOH, pH 7.4 (SH buffer) containing 0.2 mM
diisopropylfluorophosphate (DFP), 1 wgml™" pepstatin, 2 wgml™" aprotinin,
2 pgml™ leupeptin, 1 pg ml™ E64 and 1.25 mM MgEGTA. The cells were then
disrupted by homogenization at 4°C through a ball-bearing device at a
clearance of 10 wm. The nuclear debris was sedimented at 1,000¢ for 5min
and heavier membranes were eliminated by centrifugation at 27,000¢ for 1h.
The remaining light membrane vesicles were sedimented at 65,000g for 1 h and
resuspended in SH containing the same protease inhibitors at a final concen-
tration of ~10 wg protein per pl.

Transport assay. To initiate the reaction, 10 pl of membranes was added to
200 ul SH buffer containing 4mM MgCl,, 4mM KCl, 4mM ATP, 40 nM
unlabelled GABA and 2 uCi *H-GABA (NEN). Incubation was performed at
29 °C for varying intervals and the reaction was terminated by rapid filtration
(Supor 200, Gelman), followed by immediate washing with 6 ml cold 0.15M
KCl. Background uptake was determined by incubation at 4 °C for 0 min. The
bound radioactivity was measured by scintillation counting in 2.5 ml Cytoscint
(ICN). To determine K,,, unlabelled GABA was added at a range of concen-
trations and uptake were measured at 30 s. Nigericin and valinomycin dissolved
in ethanol added to final concentrations of 5uM and 20 uM, respectively.
Transport measurements were performed in duplicate and repeated three or
more times using at least two different membrane preparations.
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Activation of the transcription
factor Gli1 and the Sonic
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Sporadic basal cell carcinoma (BCC) is the most common type of
malignant cancer in fair-skinned adults. Familial BCCs and a
fraction of sporadic BCCs have lost the function of Patched (Ptc),
a Sonic hedgehog (Shh) receptor'~ that acts negatively on this
signalling pathway. Overexpression of Shh can induce BCCs in
mice’. Here we show that ectopic expression of the zinc-finger
transcription factor Glil in the embryonic frog epidermis results
in the development of tumours that express endogenous Glil. We
also show that Shh and the Gli genes are normally expressed in
hair follicles, and that human sporadic BCCs consistently express
Glil but not Shh or Gli3. Because Glil, but not Gli3, acts as a target
and mediator of Shh signalling®, our results suggest that expres-
sion of Glil in basal cells induces BCC formation. Moreover, loss
of Ptc or overexpression of Shh cannot be the sole causes of Glil
induction and sporadic BCC formation, as they do not occur
consistently. Thus any mutations leading to the expression of Glil
in basal cells are predicted to induce BCC formation.

Glil, which was originally isolated as an amplified gene in a
glioma®, is a member of a multigene family’™® and can transform
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fibroblasts in cooperation with adenovirus E1A". Ectopic expression
of Glil in frog embryos activates Shh target genes, including that
encoding HNF-33, both in neural and epidermal non-neural
ectoderm>"', showing that epidermal cells can respond to Shh
signalling. Frog embryos injected with plasmids driving the expres-
sion of frog Glil developed abnormal growths, or tumours, in
the otherwise normal, smooth tadpole epidermis (78%, n = 25;
Fig. 1a). The tumours were independent of HNF-38 expression, as
only a fraction contained cells expressing HNF-33 (30%, n = 27).
Because the plasmid DNA was targeted to the animal-most region of
the two-cell embryo, only ectodermal derivatives inherit plasmids,
indicating that the growths of focal epidermal hyperplasia (the
tumours) observed are caused by expression of Glil in the epider-
mis. Indeed, detection of epitope-tagged Glil in injected embryos
showed exclusive expression in the ectoderm’ (not shown). Histo-
logical sections of 1-week-old (stage ~45) injected tadpoles
revealed tumours in the epidermis, sometimes consisting of densely
packed cells (Fig. 1f). These cells were clearly distinct from all
normal tissues (Fig. le) and did not express the cement-gland
marker XAG-1 (ref. 12) (n = 10; not shown). Taken together, these
results show that transient epidermal expression of Glil leads to
tumour formation in vivo.

To determine whether tumours formed from cells inheriting
injected Glil, embryos were co-injected with frog Glil RNA and
lacZ RNA as tracer. Injected tadpoles showed prominent tumours of
the skin (80%, n = 12) formed from the superposition of epidermal
cells that inherited Glil, as these invariably expressed B-galactosi-
dase (Fig. 1b—d). Labelled epidermal cells located inside the
tumours were distinct from the underlying lateral-plate mesoderm,
which was always unlabelled. The uninjected side displayed typical
smooth embryonic epidermis (Fig. 1c, right) and injection of lacZ
alone had no effect. Because not all epidermal cells inheriting Glil
RNA become tumorigenic, there could be a requirement for a
certain level of Glil to initiate tumour formation. The effects of
Glil are specific, as injection of plasmids driving the expression
of human GIli3 (ref. 7) had no effect’ (n = 45; not shown).
Inappropriate expression of Glil therefore leads to tumour forma-
tion, although it is not clear if this represents epidermal neoplastic
transformation.

The finding of mutated Ptc alleles in familial and some sporadic
BCCs'~ together with the development of skin tumours in tadpoles
overexpressing Glil raised the possibility that Glil could be
expressed in and underlie the development of sporadic adult basal
cell cancer. Sections of freshly excised human BCCs were analysed by
in situ hybridization. All but one of the samples examined showed
unambiguous expression of Glil, although the level of expression
varied (46 of 47; Table 1, Fig. 2). The variability observed in Glil
RNA expression could be due to inherent differences in the tumours
or to differences in the preservation of the excised material. No
correlation was detected between the level of GliI expression and the
site or the aggressiveness of the tumour. In contrast to the consistent
expression of Glil, only 76% (23 of 30; Table 1) of the cases
displayed unequivocal expression of Gli3 (Fig. 2k), which is often
coexpressed with Glil (refs 5, 9, 13, 14). Analysis of ten cases of
squamous cell carcinoma (SCC) in situ showed Gli gene expression
to be absent (Table 1, Fig. 2s, t). Control hybridizations with sense
RNA probes showed no signal (Table 1, Fig. 21).

Tumour nodules infiltrating the dermis showed the highest levels
of Glil expression (Fig. 2a—f, i, j, n), and here it was often
concentrated in the periphery (Fig. 2f, j), where most proliferating
cells appear to be located". In tumorigenic regions, the basal layer
of the epidermis also displayed high levels of Glil expression
(Fig. 2c—e). The pattern of expression of Gli3 was distinct from
that of Glil but was also detected primarily in the periphery of
tumour nodules (Fig. 2k). Gli gene expression was not detected in
the interfollicular epidermis or the dermis in normal regions distal
from the tumour (Fig. 2q, r), although Glil mRNA was detected in
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histologically normal basal cells immediately surrounding the
tumour site (Fig. 2a, b, right). Cells of the sebaceous glands,
dermis and blood vessels were negative. Single cells surrounding
the main BCC tumour masses were rarely positive for Glil (3 of 47)
or Gli3 expression (1 of 30; Fig. 2j, k), and could represent early
invading tumour cells that are histologically unrecognizable. Alter-
natively, these single cells may be non-BCC cells that express Glil in
response to a secreted tumour-derived factor.

Expression of Glil was also analysed by immunocytochemistry
with an affinity-purified anti-human Glil polyclonal antibody’. All
samples showed specific Glil expression (6 of 6; Table 1; Fig. 2u—w).
Control antibody labelling with an anti-HNF-33 polyclonal
antibody'™'® showed no specific labelling (Table 1 and data not
shown). In BCCs, Glil protein was detected in the cytoplasm
(Fig. 2u, w), consistent with the prevalent cytoplasmic localization
of frog Glil (ref. 5). This is also consistent with an association of Gli
proteins with the cytoskeleton', but contrasts with the nuclear
localization of Glil in COS cells transfected with the glioma-derived
cDNA’ (Fig. 2x) and in a glioma line showing a 75-fold over-
expression of Glil (D259MG®'®). The glioma cDNA® thus appears to
encode a mutated protein that escapes cytoplasmic retention.

The possibility that Glil could activate components of the Shh
signal-transduction pathway in sporadic BCCs, including endogen-
ous human Shh itself **, was suggested by the regulatory loop

epidermis \

lateral plate mesoderm

endoderm

Injected control

Figure 1 Ectopic expression of Gli1 in frog embryos leads to the formation of
epidermal tumours. a, b, Whole-mount view of the flank of injected tadpoles
(stages ~32-34) showing epidermal tumours (arrows) and cells expressing HNF-
3 (brown). The embryo in b was co-injected with G/i synthetic RNA and/acZ RNA
as tracer. B-Gal activity is shown in blue; d, dorsal; v, ventral. ¢, d, Histological
cross-sections through the trunk of embryos unilaterally injected with Gli1. The
affected side is blue (arrow, leftin €). d, Detail of a tumour similarto that showninc
in which B-gal activity is detected as small cytoplasmic inclusions. The
boundaries between the epidermis and the underlying lateral plate mesoderm
and between this and the endoderm are denoted by broken lines. e, f, Histological
sections stained with haematoxylin and eosin through the trunk of control (e) and
Glit-injected (f) stage ~45 tadpoles. An epidermal tumour is detected in the flank
(arrow in f). The inset in f shows an outwardly growing epidermal tumour (arrow);
e, epidermis; m, muscle; nc, notochord; nt, neural tube. Dorsal side is up in all
cases. In a and b, anterior is to the left.
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defined in the Shh signalling pathway in which Shh signalling
triggers a cascade of events leading to the activation of Glil,
which in turn may activate the transcription of Shh target genes
including Shh and Ptc. By in situ hybridization, 44% (15 of 34) of
BCCs were positive for Shh, with expression localized to the tumour
masses that also expressed Glil (Fig. 20, Table 1). Analysis of nine
SCCs in situ showed no Shh expression (Table 1). Sense Shh RNA
probes showed no specific signal (Table 1). Reverse transcription—
polymerase chain reaction (RT—PCR) analyses revealed Shh expres-
sion in two cases of BCC, whereas this was below the level of
detection in three BCCs and one SCC in situ. All these samples
showed low levels of Gli3 expression, and all five BCCs, but not the
SCC, showed elevated levels of Glil and Ptc mRNAs. Expression of
the ribosomal gene S17 was monitored as a control (not shown).
The lower frequency of Shh (17 or 37 cases overall) compared with
Glil expression (49 of 50 cases overall) in BCCs, together with the
inability of injected Shh to initiate epidermal tumour formation in
frog embryos', suggests that Shh is unlikely to be the only cause of
Glil expression in BCCs, and that Shh may not be regulated solely by
Glil. In contrast, Ptc was expressed in all BCCs examined® (16 of 16;
Fig. 2p, Table 1 and not shown), and was coincident with GIil and

Figure 2 Gene expression in basal cell carcinomas and cell lines. a-p, Sections
of BCC excisions showing the distribution of tumour masses as seen by
histological staining (a, ¢, g, i, m), G/iT mRNA (b,d,e.f. h,j,n), G/i3 mRNA
(k), Shh mRNA (o) or Ptc mRNA (p). As a control, absence of label is seen
after hybridization with a G/i7 sense probe (l). Matched samples from the
same specimens are shown ina and b, ¢ and d, g and h, i to I, and m to
p, e, f, Details of the specimen shown in a-d, respectively. q, r, Sections of
normal skin distal from tumorigenic regions in a BCC excision showing the
absence of Gli1 expression. s, t, Sections of an excised sample of squamous cell
carcinoma (SCC) in situ showing the absence of G/i1 expression. u-x, Labelling
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Shh (Fig. 2m—o), consistent with Pfc being a target of Glil.

Tadpole tumours induced by Glil could be the equivalent of
human BCCs. However, morphological analyses, the main criteria
of dermatopathologists, cannot be applied to the tadpole tumours
as early tadpoles do not have dermis. Our molecular analysis of
BCCs provides an alternative test for the BCC-like nature of tadpole
tumours, as endogenous Glil is expressed consistently in the human
tumours (Table 1, Fig. 2). Injection of human Glil, which we have
previously shown has a similar activity to frog Glil (ref. 5), resulted
in the formation of epidermal tumours (79%, n = 24), and all
tumours displayed expression of the endogenous frog Glil gene
(Fig. 3a—c). Endogenous Glil expression was not detected in non-
tumorigenic regions of the epidermis in injected embryos or control
siblings (Fig. 3a). In contrast, only a small fraction (12-23%) of
embryos injected with Glil mRNA or pDNA showed ectopic Shh
expression, mostly in the non-tumorigenic epidermis of injected
tadpoles (3 of 25 for RNA, Fig. 3e; and 7 of 30 for pDNA) and early
neurulae'’, not observed in controls (Fig. 3d). The low incidence of
Shh expression and the consistent expression of Glil in tadpole
epidermal tumours parallels that found in BCCs and points to their
having a BCC-like nature.

transfected COS

DAPI

of excised BCC sections with affinity-purified anti-human Gli1 antibodies (u, v, x)
or with the DNA-binding dye DAPI showing the position of nuclei (blue in w). x,
Expression of nuclear Gli1 protein in COS-7 cells transfected with plasmids
driving the expression of the human glioma G/i1 cDNA. H&E, haematoxylin and
eosin stain; bl, basal layer; d, dermis; e, epidermis; gl, granular layer; hl, horny
layer; p, pallisade in the periphery of the tumour nodule; s, spiny layer; t, tumour. In
all cases the skin surface is up exceptini-lin which itis to the left. a-f, case no. 5;
g, h, case no. 7;i-1, case no.12; m-p, case no. 61; g, r, a normal skin region of case
no.18; s, t, case no.15; all as listed in Table 1.
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Table 1 Gene expression in human skin tumours

Case type location Gli1 ab HNF-38 Ab Glit-as Gil1-s Gli3-as Gli3-s Shh-as Shh-s Ptc-as H&E
1 BCC auricular + +
2 BCC nasolabial fold + - +
3 BCC temple + - ¥
4 BCC forehead + +
5 BCC post-auricular 4 4
6 BCC inner canthus + - ++ +
7 BCC post-auricular + - ++ - +
8 BCC nasolabial fold ++ +
9 BCC post-auricular ++ +
10 BCC canthus +/— - +/— +
N BCC canthus + — + +
12 BCC back ++ - ++ — +
13 BCC nasal rim ++ - _ +
14 BCC nasal rim ++ _ — _ +
17 BCC nasal rim +/— - — _ +
18 BCC nasal rim ++ - _ _ +
24 BCC nose + + +
26 BCC periareolar 4 + 4 _ +
27 BCC eyelid + _ _ _ "
28 BCC nose + +/— — e +
29 BCC temple + + + _ +
30 BCC midback ++ + + _ +
32 BCC lat. forehead + _ _ +
33 BCC eyebrow + + + +
34 BCC nosetip + _ ¥
37 BCC lat. upper cheek +/— +/— /= +
39 BCC upper lip + + +/— +
4 BCC malar ocular ++ ++ /= +
42 BCC malar ocular ++ + _ +
43 BCC temple ++ + +
44 BCC nose + + _ +
45 BCC cheek ++ + + +
46 BCC nostril ++ ++ _ +
47 BCC zygoma ++ + _ +
48 BCC upper eyelid + ++ + +
51 BCC glabella ++ + + +
52 BCC nose + 4 _ +
53 BCC nose + /= _ +
54 BCC ear 4 /= /- 4
57 BCC clavicle + _ _ +
59 BCC nose ++ + _ + +
61 BCC nose ++ ++ - + +
63 BCC nose + + +
64 BCC forehead +/— _ _ -+ +
66 BCC temple + _ _ + +
67 BCC forehead + + _ + +
69 BCC forehead ++ _ _ 4 +
70 BCC scalp ++ _ _ + 4
ul BCC eye + _ _ + +
72 BCC nose ++ _ _ Tt +
74 BCC temple + _ _ + +
15 SCC upper back - - - - ¥
23 SCC preauricular - — _ _ +
25 SCC eyelid - - — - +
31 SCC elbow - — — +
35 SCC cheek - — _ +
40 SCC cheek - — _ +
49 SCC cheek - — _ _ +
55 SCC hand - +/— _ _ +
56 SCC neck - - - - +
58 SCC bridge nose - - _ _ +

The case number, type of tumour (BCC or SCCn situ) and location of the tumour is given on the left. The presence (+) or absence (-) of gene expression is indicated, with strong expression
indicated by ++. A section of each excision was also stained with haematoxylin and eosin (H&E) for histological examination and confirmation of the presence of tumour. Case no.10 was
ambiguous and was counted as negative for Gli7 expression. Abbreviations: as, antisense RNA probe; s, sense RNA probe; Ab, antibody; lat., lateral.
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control Shh

Figure 3 Expression of endogenous G/i1 and Shh in Gli1-
induced tadpole tumours. Frog tadpoles (stages 34-36) injected
with human G/i7 plasmids (a-c) or synthetic frog G/i7 RNA (e), but
not control embryos (a bottom d), show ectopic expression of
endogenous Gli1 (arrows in a top, b, ¢) or Shh (arrow in e).
Human and frog G/i1 do not cross-hybridize in situ hybridization.
Gli1 is normally expressed in several tissues including the neural
tube but not the early epidermis™ Shh is normally expressed in
the nervous system and head structures including the branchial
arches®. Anterior is to the left and dorsal side is up. Embryos
were not cleared.
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Interfollicular human basal cells and the early tadpole epidermis
do not normally express Glil genes, and the reason why the
epidermis is responsive to Shh and Glil is not clear. However, we
detected expression of GliI and Shh in human hair follicles, and Shh,
Glil, Gli2 and Gli3 were also expressed in mouse hair follicles'**"*
during the growing phases with highest expression of Shh and Glil
in matrix keratinocytes of the bulb (not shown). This indicates that
normal epidermal development involves the selective activation of
the Shh signalling pathway during follicular formation and provides
a context for the ability of embryonic and non-follicular-basal
epidermal cells to respond to overexpression of Glil.

Glil has been found to be amplified only in a small number of
gliomas and other tumours®***. The high incidence of GliI expres-
sion in BCCs contrasts with the relatively infrequent occurrence of
other oncogenes, such as mutated ras alleles®. Because hair follicles
normally activate the Shh signalling pathway during growth, BCCs
could derive from the neoplastic transformation of these cells.
Indeed, BCCs show traits of follicular differentiation®, including
the expression of GIi3. It is possible, however, that BCCs derive from
non-follicular basal cells which express Glil ectopically. In this case,
the normal interaction taking place between the dermal papilla and
the hair bulb could be activated inappropriately in non-follicular
basal cells, resulting in the activation of the Shh signalling pathway
and formation of BCCs. We propose that any mutations that
activate the Shh signalling pathway will lead to ectopic Glil
expression and BCC formation. In familial BCCs showing loss of
Ptc function"?, we predict that Glil will be ectopically expressed.
However, mutations in Ptc cannot account entirely for Glil activa-
tion. We found that Glil and Ptc are consistently expressed in
sporadic BCCs, whereas in other studies only a fraction of sporadic
BCCs showed an altered Ptc allele*. Because there may be a
regulatory loop in the Shh signalling pathway, Glil expression
would appear to be both a cause and an effect of BCC development.

Ectopic expression of Shh in basal cells of transgenic mice has
recently been shown to result in the development of BCC-like
tumours®. However, the inability of Shh to induce tumour forma-
tion in the tadpole epidermis and its inconsistent expression in
BCCs and tadpole tumours raise the possibility that normally there
may be restrictions to the induction and action of Shh in epidermis
similar to those present in the neural plate''. Such restrictions could
prevent BCC formation adjacent to follicle cells expressing Shh
during normal hair growth and after plucking, and the uncontrolled
spread of BCCs throughout the surrounding tissue when the
tumours induce Shh. Independent of whether Shh can initiate
BCC formation, its expression in BCCs suggests a mode of autocrine
tumour maintenance as secreted Shh from the tumour cells could
activate its signalling pathway, leading to new expression of GIil.
Activation of autocrine Shh signalling could underlie the formation
of persistent epidermal tumours in embryos that transiently
expressed Glil through microinjection. However, transcription of
endogenous Glil but not Shh was always detected in Glil-induced
tumours and BCCs, suggesting that a Glil regulatory loop operating
downstream of Shh is functional.

The recurrence of BCCs at sites adjacent to previous tumours
could result from the observed ectopic expression of Glil in basal
cells in a wide region extending beyond the neoplastic sites. This
raises the possibility that Glil expression in basal cells is an early
event and could be used as a diagnostic tool. Finally, therapeutic
agents for BCCs are likely to include inhibitors of the Shh signalling
pathway and Glil function. O
Methods
Embryos and microinjection. Xenopus laevis embryos were obtained and
manipulated by standard procedures”. Microinjections were performed into
the animal-most region of one cell at the two-cell stage to bias the distribution
of the injected plasmids or RNAs to the ectoderm and to have half of the
embryo as an undisturbed internal control. Plasmid DNA (200 pg) or synthetic
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RNAs (2 ng) made by in vitro transcription were delivered by microinjection.
Frog Glil, human Glil and Gli3 plasmids were as described’.

In situ hybridization, immunocytochemistry, histology and cell lines. Frog
embryos were processed for in situ hybridization with digoxigenin-labelled
RNA probes®. Frog Glil and Shh plasmids to make sense or antisense RNA
probes were as described’. Frozen cryostat sections of tumour specimens
excised by the Mohs technique (by P.R.) were processed by in situ hybridization
with digoxigenin-labelled RNA probes”. Plasmids with human GliI and Gli3
cDNAs"” and mouse Shh and Glil-3 cDNAs used to make sense and anti-sense
RNA probes were as described’. The human Shh probes were made from a
plasmid subclone of a 409-base pair RT-PCR product or from a human
cDNA". Immunocytochemistry with anti-human Glil affinity-purified poly-
clonal antibodies’, anti-frog HNF-33 or anti-rat HNF-38 polyclonal
antibodies'"'® were performed in whole-mount labelling or in 5-15pum
cryostat sections. Nuclei were visualized by staining with the DNA-binding
dye DAPI after antibody incubations. Histological sections of injected tadpoles
were obtained by cutting paraplast-embedded samples in a microtome’. These
sections and one section of each tumour sample were also stained with
haematoxylin and eosin for histological and pathological examination (by
P.H.). B-Galactosidase activity was revealed by the X-gal reaction. COS-7 cells
were obtained from ATCC and cultured under the specified conditions.
Transfections were performed with lipofectamine (Gibco-BRL) as specified
by the manufacturer. Cells were assayed 24—48 h after transfection.

RNA isolation and RT-PCR. RNA from frozen excisions was extracted by the
guanidinium isothiocyanate, acid phenol method. cDNA was made with
random hexamers and BRL Superscript reverse transcriptase. PCR was
performed at 57 °C for 40 cycles with the following primers to human GliI:
Glil-U, CAGAGAATGGAGCATCCTCC; and Glil-D, TTCTGGCTCTTCCT
GTAGCG, yielding a 412-bp product. Human Gli3: Gli3-U, GCAGCCACAG
AATGTCG; and Gli3-D, AGGGATATCCAATCGAGGAATCG, yielding a 293-
bp product. Human Shh: Shh-U2, GAAGATCTCCAGAAACTCC; and Shh-D,
TCGTAGTGCAGAGACTCC, yielding a 233-bp product. Mouse SI17, which
works well with human ¢cDNA: S17-U, GCTATGTCACGCATCTGATG; and
S17-D, CCTCAATGATCTCCTGATC, yielding a 137-bp product. Human Ptc:
Ptc-U, GAATCCAGGCATCACCCACCG; and Ptc-D, CCACGTCCTGCAGCTC
AATG, yielding a 490-bp product. The RT-PCR shh clone used to make RNA
probes derived from a reaction using Shh-Ul, AGATGTCTGCTGCTAGTCC,
and Shh-D. Shh RNA probes were also made from a large human cDNA".
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A SNARE involved in protein
transport through the

Golgi apparatus

Stephen Loucian Lowe, Frank Peter,
V. Nathan Subramaniam, Siew Heng Wong & Wanjin Hong
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15 Lower Kent Ridge Road, Singapore 119076, Singapore
In eukaryotic cells, the Golgi apparatus receives newly synthesized
proteins from the endoplasmic reticulum (ER) and delivers them
after covalent modification to their destination in the cell. These
proteins move from the inside (cis) face to the plasma-membrane
side (trans) of the Golgi, through a stack of cisternae, towards the
trans-Golgi network (TGN), but very little is known about how
proteins are moved through the Golgi compartments. In a model
known as the maturation model'~, no special transport process
was considered necessary, with protein movement along the Golgi
being achieved by maturation of the cisternae. Alternatively,
proteins could be transported by vesicles*® or membrane
tubules™®. Although little is known about membrane-tubule-
mediated transport™, the molecular mechanism for vesicle-
mediated transport is quite well understood, occurring through
docking of SNAREs on the vesicle with those on the target
membrane***~>, We have now identified a protein of relative
molecular mass 27K which is associated with the Golgi apparatus.
The cytoplasmic domain of this protein or antibodies raised
against it quantitatively inhibit transport in vitro from the ER
to the trans-Golgi/TGN, acting at a stage between the cis/medial-
and the trans-Golgi/TGN. This protein, which behaves like a
SNARE and has been named GS27 (for Golgi SNARE of 27K), is
identical to membrin, a protein implicated earlier in ER-to-Golgi
transport'. Our results suggest that protein movement from
medial- to the trans-Golgi/TGN depends on SNARE-mediated
vesicular transport.

Database searches using a Caenorhabditis elegans protein
sequence (accession number P41941) that is weakly related to that
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of the yeast protein Boslp, a v-SNARE involved in ER-Golgi
transport”®™, led to the identification of expressed-sequence tags
(ESTs) encoding the potential human (accession number T88746)
and mouse (accession numbers AA165867, W75416 and W30385)
counterparts. Rat complementary DNAs were isolated by screening

B Anti-ST  Anti-GS27
| 1

EE3 EZ3

48K — -

- — 7K

Figure 1 A, HA-epitope-tagged GS27/membrin is associated with the Golgi
apparatus and vesicular structures. HA-GS27 (a and ¢) and Golgi mannosidase Il
(b and d) were double-labelled in control (a, b) and nocodazole-treated (¢, d) cells.
HA-GS27 was co-localized with mannosidase Il in the control and in fragmented
Golgi. The vesicular structures marked by GS27/membrin were devoid of
mannosidase I labelling. B, Enrichment of GS27/membrin in the Golgi
membrane. Proteins of total membranes (TM), microsomal membranes (MM)
and Golgi-enriched membranes (GM) were analysed by immunoblot analysis
using antibodies against o2, 6-sialyltransferase (ST) (lanes 1-3) or antibodies
against GS27/membrin (lanes 4-6). C, Endogenous GS27/membrin is associated
with the Golgi apparatus and its vesicular structures. Control (a, b) or nocodazole-
treated (¢, d) cells were double-labelled with antibodies against GS27/membrin
(a and ¢) or Golgi mannosidase Il (b and d).
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