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Isolation of the Cyclosporin-Sensitive T Cell
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Nuclear factor of activated T cells (NFAT) is a transcription factor that requlates expression
af the cytokine interleukin-2 {I-2} in activated T cells. The DNA-binding specificity of NFAT
is conferred by NFATp, a phosphoprotein that is a target for the immunosuppressive
campaunds cyclosparin A and FK506. Here, the purification of NFATp from murine T cells
and the isalation of a complementary DNA clone encoding NFATp are reported. Atruncated
form of NFATp, expressed as a recembinant protein in bacteria, binds specifically to the
MNFAT site of the murine IL-2 promoter and forms a transcriptionally active complex with
recombinant ¢-Fas and c-Jun. Antisera to tryptic peptides of the purified protein or to the
recombinant pratein fragment react with T cell NFATp. The malecular cloning of NFATp
should allow detailed analysis of a T cell transcription factor that is central to initiation of

the immune respanse.

Nuclear factor of activated T cells is an
inducihle DNA-binding protein that binds
to twa independent sites in the IL-2 pro-
moter (I, 2). NFAT is a multisubunie
transcription factor (3) consisting of at least
three DNA-binding polypeptides, the pre-
existing subunit NFATp (4-6) and ho-
modimers or heteradimers of Fos and Jun
family proteins (6-9). NFATYp is present in
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the cytosolic fraction of unstimulated T
cells (3-7); after T cell activation, if is
found in nuclear extracts and farms DNA-
protein complexes with Fos and Jun family
members at the NFAT sites of the IL-2
promoter (3, 5-9). NFATp has also been
implicated in the transcriptional regulation
of other cytckine genes, including the
genes for granulocyte-macrophage colony-
stimulating factor (GM-CSF), [L-3, 1L-4,
and tumor necrosis factor—a (TNF-a) (10).

NFATp is the target of a Ca’*-depen-
dent signaling pathway initiated at the T
cell receptar (3, 4, 6, 7, 11-13). The tise in
intracellular free Ca** in activated T cells
tesults in an increase in the phosphatase
activity of che Ca’*. and calmodulin-de-
pendent phosphatase calcineurin  ([4).
NFATp is a substrate for calcineurin in
vitro (4, 6) and is thought to be dephos-
phorylated by calcineurin in activated T
cells, resulting in its transiocation from the
cytoplasm to the nucleus (13). Cyclosporin
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A (CsA) and FK506, which act as a com-
plex with their respective intracellular re-
ceptors to inhibit the phosphatase activity
of calcineurin (15), block the dephosphaor-
ylation of NFATp (4) and the appearance
of NFAT in nuclear extracts of stimulated
T cells (2, 3, 7, 12). This mechanism may
account for the sensitivity to cyclosporin of
IL-2 and ather cytokine genes (10, 13) and
thus for the profound immunosuppression
caused by CsA and FK506 (13).

NFEATp was purified from the C1.7W?2
cell line (16), a derivative of the murine T
cell clone Ar-5 (17), by ammonium sulfate
fractionation followed by successive chro-
matography on a heparin-agarose column
and an NFAT oligonucleotide affinity col-
umn {[8). A silver-stained SDS gel of the
purified protein showed a major broad band
migrating with an apparent molecular size
of ~120 kD (Fig. 1, top). We have shown
that this band contains a DNA-binding
phosphoprotein that is dephospharylated by
calcineurin ta yield four sharp bands mi-
grating with apparent molecular sizes of
~110 ta 115 kD (6). NFATp DNA-bind-
ing activity was demonstrable in protein
eluted fram the SDS gel and renatured (4),
and more than 90% of the activity recov-
ered from the pel comigrared with the
~120-kD band (Fig. 1, lane 7). The faster
migrating complexes formed with proteins
of slightly smaller molecular size {lanes 8 to
11) maost likely derive from pardial prateal-
ysis. The purified protein binds to the
NFAT site with the appropriate speciftcity
and forms a DNA-protein complex with
recombinant Fos and Jun (6).

To confirm that the 120-kD protein was
the preexisting subunit of the T cell tran-
scription factor NFAT, we used antisera to
tryptic peptides derived from the 120-kD
protein (18). When one such anciserum (ta
peptide 72) was included in the binding
reaction, it “supershifted” the NFATp-
DNA complex formed by the cytosolic frac-
tion from unstimulated T cells (Fig. 2, lane



3, as well as both NFAT complexes formed
by nuclear extracts from stimulated T cells
(lane 8). The effect of the serum was
prevented by preincubarion with its cog-
nate peptide (lanes 4 and 9), but not by
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Fig. 1. Analysis of purified NFATp by renatura-
tion of NFATp activity after SDS-PAGE. (Top)
Purified NFATp (50 ng) was subjected to elec-
trophoresis on an analytical 6% S0S-polyacryl-
amide gel and subsequently silver-stained
{Pierce Gel-code kit). (Bottom} A second lane
of the same gel was loaded with 50 ng of the
purified pratein. After electrophoresis, the gel
was sliced, proteins were eluted fram gel slices
and renatured, and the fractionated proteins
were evaluated in an electrophoretic mokbility-
shift aszay for the ability to bind to the NFAT site
of the murine IL-2 promoter {4).
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Fig. 2. Antisera ta tryptic peptides of purified
NFATp react with NFATp in T cell extracts.
Cytosalic extracts (4) from unstimulated Ar-5 T
cells (lanes 1 ta 5) or nuclear extracts (23) from
Ar-5 T cells stimulated with antibody to CD3
{anti-CD3) {fanes 6 to 10} were incubated with-
out antiserum (lanes 1 and &), with antiserum to
peptide 72 (immune, lanes 3 and 8), or with
serum from the same rabhit taken before immu-
nization {preimmune, lanes 2 and 7}, then ana-
lyzed by gel-shift assay for binding to the NFAT
oligonucleotide (7). Far peptide competition, 1
kg of peptide 72 {lanes 4 and 9) ar pepticde 25
{lanes 5 and 10) was mixed with the antiserum
before it was added to cell extracts. Filled
- arrowheads identify the cytosalic NFATR, ru-
clear MNFATp, and nuclear NFATp-Fos-Jun
complexes; open arrowheads indicate the "'su-
pershifted” camplexes; the unmarked complex
results from binding of serum proteins.

preincubation. with a different peptide
{[anes 5 and 10). Preimmune serum had no
effect on hinding (lanes 2 and 7). Similar
effects were seen with antisera to peptides
23.1 and 25. These data demonstrate that
the purified protein is NFATp.

In order ta isolate a ¢DNA clone for
NFATp, we used degenerate cligonucleo-
tides based on the sequences of two tryptic
peptides of purified NEATp in a palymerase
chain reaction (PCR) to amplify an ~800-
bp fragment from C1.7W2 cDNA, and the
fragment was used to screen a cDNA libracy
from murine T cells (19). The longest clone
isolated contains an insert of ~4.5 kb in
length, with an open reading frame extend-
ing 2671 base pairs (bp) from the 3’ end of
the insert and with ~1.8 kb of 3" untrans-
lated region that does not extend to the
pelyadenylate tail. The open reading frame
encodes a polypeptide of 890 amine acids

1
GESASPISOTFSPY TS PCVSFNNAGPODLOPOFONIPARY SFRTSFIHST

51
RTSLAPOSCISRES PV RRESCAFALVAPLIAASPORS

141l
R9PS POPSPEVARGUDS IPAGY PPTAGSAVLMOALNTLATDS PCGIPERT

151
WELS POPTEVSTAPSEAGLARAIY PTVEFLGRCEQEERRNSAPESTLIVE
W ==, Fmmm e -

201 b

PTWPRQLVEAT PICST PYTAS LFPLEWPLSNQSGS YELRIEVQ ERTHIRA
F 72 ¥ 4

251

HYETEGSRGAVEAPTCORFVVQLEGYMENEP LGTQTFIGTADERT LRPHA

3a1
FYVHRITGETVIT TS YEK T VENTHVLE IFLEPEHNMRAT IDCAC T LHTR
F=-14d.2=4

351
NADIELREGETOICRENTEVRLVFRVAVPEPSGRIVSLOMENPIECSQR
441

SARELIMVERQOMDSCLVYGEHI LTSNF TAES EVVEMERTTDGO0TH
¥ .1 1 Fi3.24

451
EMEATVDEDESOPNMLFVE [PEYRNEH IRVIVEVNF YV INGRRERS Qg

341
FTYEPVEALRTEPSOEYERS LICS PAHGGTASQPYY ROQHFHLAES PSCLY

551

ATMAPCOOFRSG LSS POARYQOOS PAARLYORSASLS POLLSYOQPSLLA
F=10.1=mfmmm=2] 1====o

&a1

ADPLOLADARRS YL TLEHTSSASQOASIVIRY S PTHOQL

651 h 4
RGGEHIEFQEIMY CENFG RS SARPSTPPINOGORLE PGAYPTVIQOQTAR
[ FE R

Fa1
AOPAANNG DS DOREALPTCYTVRQEQNLOQTYLODARTS ESHVETERY TE
751
FEFWRRTLVOPGLLPSFLLLGS L3AGPRSQTPSERFP IEEOVPLSCSOTA

801
HOCUHPLGTCPYLEGPLAVEWNEGOLGRGLE PIPRAFDEAGSLHEVDSYS

#51
LASVVSMVLLTLY

KIRQTES Ql EVAS PGHIL

Fig. 3. Deduced amino acid sequence of
NFATp. The underined sequences malch the
sequences of tryplic peptides from purified
NFATp. X in the underlining for peplides 23.3
and 72 indicates positions at which the identity
of the aming acid could not be determined
unambiguously. The arrowheads delimit the
NFATp sequence contained within the recom-
binant protein that was expressed in bacteria.
The sequence of murine NFATp has been de-
posited with GenBank (accession number
U02079). Single-letter abbreviations for the
amino acid residues are as fallows: A, Alg; C,
Cys; 0, Asp; E, Glu; F, Phe; G, Gly, H, His: |, lle;
K. Lys; L, Leu, M, Met N, Asn; P, Pro; Q, Gin; R,
Arg; 8, Ser; T, Thr; V, Val; W, Trp; and Y, Tyr.
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(Fig. 1) that contains eight of nine tryptic
peptides identified by sequencing of purified
NEATp. The ¢cDNA insert may lack a small
amount of coding sequence at the 5’ end,
because the predicted molecular size of the
encoded protein. (97 kD) is somewhat
smaller than the apparent molecular size of
dephasphorylated NFATp [110 to 115 kD
(6)] and because one tryptic peptide from
purified NFATp is unaccounted for in the
encoded protein. A search of the Genbank
DNA and protein databases with. the Blase
algorithm (20} indicated that the ¢cDNA
encodes a previously unidentified protein.
A 464-—amino acid fragment containing the
DNA-binding domain displayed a limited
similarity to the rel homelogy domain of
human and murine RelA (p65) (18.9 and
17.8% amino acid identity, respectively,
over 428 amino acids). A preliminary anal-
ysis of additicnal ¢cDNA clones indicates
that T cells express at least three forms of
NFATDp related to each other by altemative
splicing and differing at their COOH-ter-
mini.

The T cell lines C1.7%2 and Ar-3, but
not L cells, express NFATp mRNA (Fig.
4), consistent with our previous demonstra-
tion that NFATp protein is present in T
cells but not in L cells {(4). The —800-bp
PCR fragment hybridized to a transcript of
~8-9 kb expressed in the C1.7W2 T cell
line used for purification of NFATp (lane 1)
and in the uncransfarmed T cell clone Ac-5
used to generate the cDNA library (lane 2),
but did not hybridize to any transcript
expressed in L cells (lane 3). Two ather
<DNA probes representing different parts of
the cading region of NFATp gave similar
results. We are presently undertaking a

Fig. 4. Northern (RNA)
analysis of NFATp mRNA
in T cell and fibroblast cell
lines. Cytoplasmic RNA
fram the murine T cell
clone Ar-5, the trans-
formed T cell line CI.7W2,

CL7wW2

Ar-5
L cells

and the murine fibroblast L — 285
cell line were separated by
electrophoresis in formal- 188

dehyde gels, transferred to
nylan, and hybridized with
a labeled fragment of
NFATp coding sequence
corresponding  to the
~800-bp PCR product.
The positions of the major
NFATp transcript {arrow)
and of the 285 and 188
rinosomal RNAs are indi-
cated. The lower panel
shows ethidium bromide
staining of the ANA before
transfer ta nitrocellulose in-
dicating that the RMA was intact and that equiv-
alent amounts of RNA were loaded in each
lane.
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systematic analysis of the tissue distribution
of NFATp by protein immunablotting anal-
ysis and quantitative PCR.

To test directly whether the ¢<DNA en-
coded a pratein with the characteristics of
NFATp, we examined the ability of a re-
combinant fragment of the protein to hind
to the NFAT site of the murine IL-2 pro-
moter and to associate with Fos and Jun. A
464-amino acid fragment of the protein
(sequence between arrowheads in Fig. 3)
was expressed as a hexahistidine-tagged
protein in bacteria (21). This recombinant
protein bound to the NFAT oligonucleo-
tide in a gel-shift assay (Fig. 5A, lane 1). Its
hinding specificity was identical to that of
authentic T cell NFATp (4-7), as judged
by competition with excess unlabeled
NEAT oligonucleotide (lane 2) and the
mutant NFAT oligonucleotides M1 to M3
(lanes 3 to 3). The MI oligonucleotide
(lane 3} is mutated in four bases remote
from the NFAT binding site and competes
as scrongly for binding as the authentic
NFAT oligonucleotide; the M2 oligonucle-
otide (lane 4) is mutated in four bases
lacated between the M1 and M) regions
and competes with intermediate efficiency;
and the M3 oligonucleatide {lane 3) is
mutated in the GGAA tetranucleotide se-
quence essential for binding of NFATp
(4-7, 22, 23) and does not compete for
binding. Methylation interference analysis
also showed that binding of the recombi-
nant protein to the NFAT site required the
GGAA core binding region, as previously
demonstrated for NFAT (22, 23). Like
NFATp purified from T cells (6}, the re-
combinant protein associated with ho-
modimers of ¢-Jun or with heterodimers of
¢-Fas and c¢-Jun, but not with ¢-Fos alone,
to form a DNA-pratein complex that mi-
grated with slower mobility than the
NFATp-DNA complex in a gel-shife assay
{lanes 7 t0 9). The c-Fos and <-Jun proteins
do not bind to the NFAT oligonucleotide
in the absence of NFATp (lane 10). The
complex containing ¢-Fos and ¢-Jun resem-
bled the nuclear complex of NFATp, Fos,
and Jun in that its formation was competed
by excess unlabeled activator protein 1
{AP-1} oligonucleotide. These data indi-
cate that a ~50-kD} fragment of NFATD is
sufficient to account for the DNA-binding
properties of NFATp and for its ability to
associate with Fos and Jun proteins.

Evidence that the cDINA clone encades
NFATp was provided by the ability of
antisera to the recombinant protein to react
specifically with NFATp from cytosolic or
nuclear extracts of T cells. When serum
from. a rabbit immunized with che recombi-
nant protein (21) was included in the gel-
shift assay, a small proportion of the
NFATp-DNA complexes were ‘“super-
shifted” (Fig. 6, lane 3), and most of the

752

A NFATPXS
Competitor
c C
3 3
o
[=EE. 4 m &5 35
8 WL = o M =
Z2Z355¢= £3&E

1.2 3 4 5 6§ 7 8 910

B M3 M2 M1
CCTT GGAC ATAT
GCOCANAGAGBAAATTTGTTTCATAGAG

Fig. 5. Binding of a recombinant fragment of
NFATP (NFATpX3) to DNA and association with
Fos and Jun proteins. (A} Lanes 1 to 5, binding
of the recombinant fragment of NFATp (27) to
the distal NFAT site of the murine IL-2 promoter
was assessed by electraphoretic mobility-shift
assay (4) in the presence or absence of a
200-fold excess of unlabeled competitar oligo-
nucleatides. The arrows indicate two DNA-pro-
tain complexes formad with NFATpXS. Lanes 7
to 9, full-length recombinant ¢-Fos and ¢-Jun
proteins (30} were included in the binding
reactions. The open arrows indicate Jun-Jun-
NFATpXS complexes, whereas the clased ar-
rows indicate Fos-Jun-NFATpXS complexes.
Lane 1Q, Fos and Jun proteins do nat bind to
the NFAT aligonucleotide. (B) Sequences of
competitor oligonucleotides.

DNA-protein complexes appeared to be in
large aggregates (lanes 3 and 7}. The pre-
dominance of large aggregates probably re-
fleces recognition by the serum of multiple
antigenic determinants on NFATp. Preim-
mune serum from the same rabbit did not
alter the mobilicy of NFATp-DNA and
NFAT-DNA complexes (lanes 2 and 6).
To examine the role of the cloned
NFATp protein in transcription, we tested
the effect of the recombinant NFATp frag-
ment on transcription. in. vitre from a tem-
plate containing three NFAT sites up-
stream of the murine IL-2 promoter (Fig.
7). The same plasmid has been used to
demonstrate transcriptional activation in
viva in response to stimulation with anti-
gen (7). A combination of the recombinant
NFATp fragment with c-Fos and ¢-Jun, or
with ¢-Jun only, activated transcription
from this construct {Fig. 7, lanes 2 and 3}.
In combination with NFATp, a Jun dele-
tion derivative (J91-334) lacking the NH,-
terminal repressor domain was a more po-
tent accivator than full-length Jun {lanes 6,
7, and 143, as previously observed for tran-
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Fig. 6. Antisera to recombinant NFATp react
with NFATp in T cell extracts. Cytosolic extracts
from unstimulated Ar-5 T cells or nuclear ex-
tracts from cells stimulated with anti-CD3 were
incubated without antiserum (lanes 1 and 5),
with an antiserum to the recombinant NFATp
fragment (21) (lanes 3 and 7), or with preim-
mune serum from the same rabbit {lanes 2 and
), followed by gel-shift analysis of binding to
the NFAT oligonucleotide.

scriptional activation by Jun at AP-1 sites
(24}. In contrast, neither the truncated
NFATp alone nar AP-1 proteins alone had
a notable effect (lanes 5, 10, and 11).
Truncated Fos and Jun proteins (F139-200
and J241-334) containing the dimeriza-
tion and DNA-binding domains bue lack-
ing transcriptional activation domains are
able to form a complex with NFATp (6).
However, they did not activate transcrip-
tion in conjunction with rruncated
NFEATp (lanes 8 and 9), indicating that
the truncated NFATp is not transcription.-
ally active in the absence of Fos and Jun.
No notable transcriptional activation was
observed when a template containing a
mutated NFAT site incapable of binding
NFATp was used {lanes 15 to 17). More-
over, the truncated NFATp had no effect
on transcription activated by Fos and Jun
on a template containing an AP-1 site
(lanes 18 to 24}, consistent with our
previous observation that NFATp does
not form a complex with Fos and Jun on
the AP-1 site (6).

These data show that truncated NFATp
forms a transcriptionally active complex
with Fos and Jun at the [L-1 promoter



Fig. 7. Transcriptional ac-
tivation by NFATp, c-Fos,
and c-Jun an different
templates. The templates
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were incubated with the 64
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scribed in vitro in Nama- s 5+
lwa nuclear extracts (24, £
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af proteing was expressed relative to a reaction in the absence of recombinant proteins {fold
activation). The average of several independent experiments {(number shown at the base of each
bar) and the standard deviation in cases where mare than three independent experiments were
performed are shown (salid bars, activation; open bars, repression).

NFEAT site. They are consistent with the
interpretation thac NEATp primarily deter-
mines the DNA-binding specificicy of the
NFAT complex in viva, whereas at least a
portion of the transcriptional activity is
pravided by Fos and Jun. Because the cur-
rent experiments were performed with a
truncated NFATp, they do not exclude the
possibility chat full-length NFATp has a
transcriptional activation domain that can
function in the absence of Fos and Jun.
However, there is evidence suggesting thac
Fos and Jun family proteins are required
along with NFATp to activate transcription
at the IL-2 promoter NFAT site in vivae,
since mutations in the NFAT site that
prevent the association of Fos and Jun with
NEATp abolish the function of this site in
activated T cells (8).

The ¢DNA clone reported here fulfills
four essential criteria defining NFATp: (i)
the mRNA. is expressed in T cells but not in
fibroblasts, (ii} a recombinant fragment of
the protein binds specifically to the NFAT
site, (fif} the recombinant protein fragment
forms a transcriptionally active complex
with Fos and Jun on the NFAT DNA
sequence, and (iv) antibodies to the recom-
binant protein specifically react with

NFATp in T cell extracts. The recombi-
nant protein defines a functional 464—ami-
no acid fragment of NEATp that contains
the domains required for DNA binding and
for formation of a transcripcionally active
complex with Fos and Jun. The cloning of
this previously unchatacterized DNA-bind-
ing protein makes possible detailed scudies
of its structure, its interactions with other
transcription factors and with specific sites
in DNA, its role in the induction of [L.-2
and other cytokine genes, and its regulation
by calcineurin during T cell activation.
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Nonuniform Probability of Glutamate Release
at a Hippocampal Synapse

Christian Rosenmund,* John D. Clements, Gary L. Westbrooks

A change in the probability of neurotransmitter release (£,) is an important mechanism
underlying synaptic plasticity. Although P. is often assumed to be the same for all terminals
at a single synapse, this assumption is difficult to reconcile with the nonunifarm size and
structure of synaptic terminals in the central nervous system. Release probability was
measured at excitatory synapses on cultured hippacampal neurons by analysis of the
progressive block of N-methyl-p-aspartate receptor—mediated synaptic currents by the
irreversible open channel blocker MK-801. Release probability was nonuniform (range of
0.09 to 0.54) far terminals arising from a single axan, the majority of which had a low £,
However, terminals with high £, are more likely to be affected by the activity-dependent
modulation that occurs in long-term potentiation.

The probability of transmiteer release {P)
from individual synaptic rerminals can be
estimated from excitatory postsynaptic cut-
rent (EPSC) amplitude fluctuations by the
use of a statistical model of the release
process (quantal analysis) (I, 2). This ap-
proach is complicated if P, is not the same
for all terminals (2). It is difficule to esti-
mate P, at central synapses because minija-
twre EPSC amplitudes are close to the
intrinsic recording noise level and are high-
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ly variable {2, 3). Furthermore, the assump-
tions underlying statistical models of trans-
mitter release may not always be appropti-
ate at cencral synapses (2, 4). For instance,
the standard binomial model assumes that
P_is uniform ac all synaptic terminals. To
test directly for nonuniform P,, we devel-
oped an alternative to quantal analysis.
Whole-cell tecordings were made from
single cultured rat hippocampal neurons
that formed recurrent (autaptic) synapses
{5). Recordings of N-methyl-D-aspartate
(NMDA) rteceptor-mediated EPSCs were
made bhefore and during exposure to the
NMDA open channel blocker, MK-801 (5
to 20 wM) (8). Channels were irreversibly
blocked under our recording conditions (7).
The MK-8Q1 exposure increased the decay
rate of the EPSC (Fig. 1, A and B} and,
with repeated stimuli, progressively reduced
its amplitude (Fig. 1A). The progressive
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block rate was measured by the fitting of a
single exponential to the EPSC peak am-
plitude plotted against stimulation number.
The rate of progressive block reflects, in
part, P. If P_is high then more terminals
will release transmitter, more postsynaptic
NMDA channels will apen, and the pro-
gressive block should be more rapid. Con-
sistent with this hypothesis, the propressive
block rate was proportional to P, (Fig. 1, C
and D). Raising the calcium concentration
increased the EPSC amplitude in the ab-
sence of MK-801 (Fig. 1C), and the pro-
gressive hlock rate in MK-801 (5 pM)
increased propottionally (Fig. 1D) ({8).
Thus, the progressive block rate provides a
relative measure of .. To obtain a quanti-
tative measure of P, estimates of the time
coutse of glutamace in the synaptic cleft,
NMDA channel apen probability (P} and
MK-8C1 binding rate are also required. All
these parameters have been measured (6,
9-11), buc P, was obrained from outside-
out patch or whole-cell recordings that
include extrasynaptic channels (6, [!).
Thetefore, we examined the P_ of synapti-
cally activated NMDA channels.

Channel open probahility has been cal-
culated from che progressive block of
NMDA currents by MK-801 (11), but this
approach cannot be applied to synaptic
currents hecause progressive block is alse
influenced by P . However, the faster decay
rate of NMDA receptor-mediated EPSCs
in the presence of MK-801 (Fig. 1B} can be
used ro estimate P_. This rate can he used
hecause the irreversible blaock of open chan-
nels early in cthe synaptic response prevents
reopenings later in the response and thus
accelerates the EPSC decay (!1). This ac-
celerarion increases with increasing P . A
chemical kinetic madel {9) (Fig. 2A inser)
was used te fit the time course of the
synaptic current tecotded in the absence
and presence of MK-801 (5 pM) (Fig. 2A)
(12). The channel opening rate was the
only free parameter in the kinetic model
that affected the change in decay rate pro-
duced by MK-801, and it had an optimum
value of 12.4 + 0.7 57 (mean + SEM,n =
11). Channel open probability was then
caleulated from the opening and closing
rates {r, and 7., respectively) with the
equation P, = r /{r, +r); P was 0.053 *
0.003 (n = 11). The open probability of an
NMDA channel at the peak of a synaptic
tesponse (P,*) was also calculated from che
optimum  kinetic model to be 0.041 *
0.003 (n = 11). This probability is less than
P, hecause some desensitization and agonist
dissociation oceur during the rising phase of
the response. Qur estimate of P.* was
significantly lawer than that for channels in
outside-out patches (P.* = Q.27) (11).
This discrepancy was not due to differences
in the analysis procedures (13). The lower



