tion to cannabinoids is dosage (7). Low doses of
HU-210 abolish the behavioral response to novelty
and inhibit the HPA stress response, whereas higher
doses, particularly under conditions of novelty, have
the opposite effect (712), as in the test described here.
Comparative analysis of the patterns of Fos expres-
- sion in the withdrawal and short-term HU-210 treat-
ment conditions demonstrated an overlap as well as
a dissociation of affected brain regions (Table 2),
implicating the involvement of different neural sub-
strates in the anxiety-like response induced by a
single high dose of cannabinoid as opposed to with-
drawal from long-term cannabinoid exposure. In the
central amygdala, Fos expression appeared dis-
persed after a single injection of HU-210, whereas
after antagonist-induced withdrawal Fos-positive
nuclei were densely distributed (Fig. 2). In the BNST,
immunopositive cells were found in a more medial-
anterior gradient during cannabinoid withdrawal,
whereas Fos activation was more prominent in the
lateral dorsal region after short-term cannabinoid ex-

posure (Table 2). In the hypothalamus, the PVN ex-
hibited less Fos immunoreactivity during cannabi-
noid withdrawal compared with the effects of a single
treatment with cannabinoid agonist. Thus, HPA ac-
tivation after a single exposure to HU-210 in drug-
naive rats appears to be mediated directly by the
PVN, whereas the increase in plasma corticosterone
concentrations during withdrawal may involve acti-
vation of the central amygdala, transmitted to the
PVN through its direct connections or by the BNST,
which, in turn, may also activate the PVN. Because
both the central amygdala and PVN are thought to
be involved in anxiety-like behavioral responses to
stress (13, 74), these observations suggest that the
balance between the contributions of both struc-
tures after acute cannabinoid treatment or antago-
nist-induced withdrawal may result in the particular
behavioral reactivity to the novelty condition in the
defensive withdrawal test.

28. P. J. Larsen and D. Mikkelsen, J. Neurosci. 15, 2609
(1995).

29. U. Whanschaffe, U. Ebert, W. Ldscher, Brain Res.

Receptor-Mediated Activation of a MAP Kinase
in Pathogen Defense of Plants

“Wilco Ligterink,‘ Thomas Kroj, Uta zur Nieden, Heribert Hirt,*
Dierk Scheel

Parsley cells recognize the fungal plant pathogen Phytophthora sojae through a plasma
membrane receptor. A pathogen-derived oligopeptide elicitor binds to this receptor and
thereby stimulates a multicomponent defense response through sequential activation of
ion channels and an oxidative burst. An elicitor-responsive mitogen-activated protein
(MAP) kinase was identified that acts downstream of the ion channels but independently
or upstream of the oxidative burst. Upon receptor-mediated activation, the MAP kinase
is translocated to the nucleus where it might interact with transcription factors that induce

expression of defense genes.

Planes react o pathogen attack with a
variety of defense responses, including tran-
scriptional activation of defense genes, ac-
cumulation of phytoalexins and pathogen-
related (PR) proteins, and impregnation of
the cell wall with phenolic substances and
specific proteins (1). Infection of parsley
leaves with spores from the soybean patho-
gen Phytophthora sojae leads to small necrot-
ic lesions resulting from hypersensitive cell
death, incorporation of phenolic com-
pounds into, and apposition of callose onto,
cell walls at the infection site, as well as
local and systemic activation of defense-
related genes and secretion of fouranocou-
marin phytoalexins into the infection drop-
let (2, 3). Cultured parsley cells show most
of these defense reactions when treated
with elicitor preparations from the fungus
and have been used as a model system to
study the plant-pathogen interactions (4—
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7). An extracellular 42-kD fungal glycopro-
tein was identified in these preparations as
the principal elicitor of the multicompo-
nent defense response in parsley cells (6).
An oligopeptide fragment of 13 amino acids
in length (Pepl3) within this glycoprotein
is necessary and sufficient to induce the
same reactions as the intact glycoprotein
(7, 8). Pepl3 specifically interacts with a
plasma membrane target site in the plant
and initiates a signal transduction cascade
leading to the transient activation of plant
defense genes and the accumulation of phy-
toalexins (7).

Elicitor signal transduction in parsley
cells involves Ca?*-dependent transient
changes in protein phosphorylation, sug-
gesting the participation of protein kinases
in defense gene activation (9). To detect
specific protein kinases that catalyze such
reactions, we treated cultured parsley cells
with Pep25, a larger fragment of the elicitor
that includes the Pepl3 sequence and in-
duced an identical response but was more
stable in the culture medium than Pepl3
(7). A protein kinase that phosphorylated
myelin basic protein (MBP) was activated
within 5 min after elicitor treatment (Fig.
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1A). From its relative mobility on SDS-
polyacrylamide gels, the apparent molecular
mass of this enzyme was estimated to be
~45 kD, similar to that of known plant
mitogen-activated protein (MAP) kinases
(10-15).

To determine whether the elicitor-acti-
vated protein kinase might belong to the
class of MAP kinases, we incubated the
same cell extracts used for activity assays
with three different antisera—M7, M11,
and M14—that were raised against synthet-
ic peptides representing the COOH-termi-
nal 10 amino acids of the alfalfa MMK4,
MMK2, and MMK3 MAP kinases, respec-
tively (12). Elicitor treatment exclusively
activated a protein kinase that was immu-
noprecipitated by the M7 antiserum (Fig.
1B). The similarity of the activation kinet-
ics in the kinase and immunoprecipitation
assays indicate that elicitor treatment acti-
vates a specific MAP kinase pathway in
parsley cells.

Because the M7 antiserum specifically
recognized the elicitor-responsive MAP ki-
nase from partsley, a radiolabeled fragment
of the alfalfa MMK4 gene was used to
screen a cDNA library prepared from RNA
isolated from cultured parsley cells. A 1.6-
kb cDNA fragment was isolated that con-
tained an open reading frame of 1113 nu-
cleotides potentially encoding a protein of
371 amino acids and a molecular mass of 43
kD. The deduced amino acid sequence is
most similar to those of the MAP kinases
from Arabidopsis (MPK3, 83%) (11), alfalfa
(MMK4, 81%) (12), and tobacco (WIPK,
83%) (13). The overall structure of the
parsley, tobacco, Arabidopsis, and alfalfa ki-
nases is highly conserved (Fig. 2). DNA gel
blot analysis of parsley cells with the radio-
labeled kinase cDNA fragment under high-
stringency hybridization conditions re-
vealed the parsley kinase to be present as a
single-copy gene (16). RNA gel blot anal-
ysis of cultured parsley cells with radiola-
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beled fragments, containing either the cod-
ing region or the 3’-untranslated region of
the kinase cDNA, showed a severalfold in-
crease of kinase transcript levels within 30
min after elicitor treatment (16). When the
parsley cDNA was expressed as a fusion pro-
tein with glutathione-S-transferase (GST)
in Escherichia coli, the recombinant protein
catalyzed its autophosphorylation and phos-
phorylated MBP. In immunoblots, the GST-
MAP kinase fusion protein was exclusively
recognized by the M7 antiserum that recog-
nized the elicitor-responsive protein ki-
nase from cultured parsley cells. In con-
trast, the M11 and M14 antisera did not
decorate the parsley kinase fusion protein.
These results suggest that the cDNA
isolated from partsley cells indeed encodes
the elicitor-activated kinase detected in
the activity and immunocomplex assays,
which we therefore denote ERM kinase for
elicitor-responsive MAP kinase.

To investigate whether Pepl3 activates
this kinase through the same receptor that
is used for the induction of the other de-
fense responses, we determined ERM kinase
activation upon treatment of parsley cells
with four different but structurally related
elicitor oligopeptides. Pepl3 and Pep25,
both corresponding to the wild-type se-
quence of the 42-kD P. sojae glycoprotein
elicitor, activated the elicitor-responsive
MAP kinase in an identical manner (Figs. 1
and 3). Two Pepl3 derivatives in which the
second (Pepl3A,;) or the fifth (Pepl3A;)
amino acid had been replaced by alanine
did not activate ERM kinase, whereas a
derivative with an alanine substitution in
position 12 (Pepl3A,,) was as active as
Pepl3 and Pep25 (Fig. 3). These results
correlate well with binding and elicitor
studies (7) with the same Pep13 derivatives,
which showed that Pepl3A,, competes
with binding of Pepl3 to its receptor and
elicits a normal pattern of defense reactions.
In contrast, Pepl3A, and Pepl3A, were
inactive in both assays, indicating that the
Pep13 receptor that initiates the multicom-
ponent defense response is also engaged in
ERM kinase activation.

Binding of Pepl3 to its receptor induces
phytoalexin synthesis, defense gene activa-
tion, in vivo phosphorylation of proteins,
and the production of an oxidative burst,
which all depend on the integrity of specific
ion channels that mediate rapid ion fluxes
across the cell membrane in response to
elicitor (7,9, 17, 18). To investigate wheth-
er ERM kinase activation also depended on
the activity of these ion channels, we incu-
bated. parsley cells with the ion channel
blocker, anthracene-9-carboxylate (A9C),
which inhibits the elicitor-stimulated ion
fluxes, thereby blocking all subsequent de-
fense responses (17). Under these condi-

REPORTS

A Fig. 1. A specific MAP kinase is activated by elicitor. Suspension
) cultured parsley cells were treated with the synthetic peptide
0 1 351020 40min  gjigitor, Pep25 (175 nM), or water alone. Cell extracts were
kD prepared at 0, 1, 3, 5, 10, 20, and 40 min after initiation of elicitor
Pep25 w45 reatment in extraction buffer [25 mM tris-HCI (pH 7.5), 15 mM
MgCl,, 15 mM EGTA, 75 mM NaCl, 1 mM dithiothreitol (DTT),
0.1% NP-40, 15 mM p-nitrophenylphosphate, 60 mM B-glycer-
ophosphate, 0.1 mM NaVO,, 1 mM NaF, 1 mM phenylmethyl-
sulfonyl fluoride, 5 n.g/ml each of leupeptine and aprotinin]. After
B centrifugation at 100,000g for 1 hour, the cleared supernatant
0 3 & 10 20 40 min was used. (A) In-gel protein kinase assay. Each lane contained
20 p.g of total protein from cell extracts, which was separated by
M7 ~ -MBP  SDS-polyacrylamide gel electrophoresis (PAGE). MBP (0.5 mg/
ml) was used as a substrate and was polymerized in the poly-
acrylamide gel. After protein renaturation, the kinase reactions
were carried out in the gel with [y-32PJadenosine 5’-triphospate
(ATP) as described (72). (B) Immunoprecipitation of an elicitor-
Mi4 _MBp  fesponsive MAP kinase. Cell extracts containing 100 pg of total
protein were immunoprecipitated with 5 g of protein A—purified
M7, M11, and M14 antibodies that were produced against syn-
thetic peptides encoding the COOH-terminal 10 amino acids of the alfalfa MMK4, MMK2, and MMK3
MAP kinases, respectively (72). The immunoprecipitated proteins were washed three times with wash
buffer | 20 mM tris-HCI, 5 mM EDTA, 100 mM NaCl, 1% Triton X-100), once with the same buffer but
containing 1 M NaCl, and once with kinase buffer [20 mM Hepes (pH 7.5), 15 mM MgCl,, 5 mM EGTA,
1 mM DTT]. Kinase reactions of the immunoprecipitated proteins were performed in 15 pl of kinase
buffer containing MBP (0.5 mg/ml), 0.1 mM ATP, and 2 uCi of [y-32PJATP at room temperature for 30
min. The reactions were stopped by the addition of SDS sample buffer. The phosphorylation of MBP
was analyzed by autoradiography after SDS-PAGE.

H,0 -45

M11 -MBP

10 20 30 40 I 50 Fig. 2. Primary struc-
ERMK MANP----GD GOYTDFPAIQ THGGOFIQYN IFGNLEOVTK K¥RPBIMBIG +{, of an clicitor-re-
WIPK MADANMGAGG GQFPDFPSVL THGGQYVQFD IFGNFFEITT KYRPPIMPIG .
MPK3 ~---- MNTGG GQYTDFPAVD THGGQFISYD IFGSLFEITS KYRPPIIPIG SDOHS'Vef MAP. (ERM)
MMK4 MARV----NQ NGVAEFBAVQ THGGOFVOYN VFGNLEEVTA KYRPPIMPIe nase from  parsiey.
The nucleotide and pre-
60 70 II 80 90 rIr 100 dicted amino acid se-
ERMK RGAYGIVCSI MNTETNEMVA VEKIANAFDN YMDAKRTLRE IKLLRHLDHE quence of the ERM
WIPK RGAYGIVCSV LNTELNEMVA VKKIANAFDI YMDAKRTIRE IKLIRHLDHE |inase has been de-
MPK3 RGAYGIVCSV LDTETNELVA mcxrmmn HMDAKRTLRE IKLLRHLDHE ;
posited with GenBank,
L L
MMK4 RGAYGIVCSL LNTETNELVA VKKIANAFDN HMDAKRTLRE IKLLRHLDHE DHA’ Dabit Bese Japan,

v 110 120 v 130 140 150 and European Molecular
ERMK NVIARTDVIP PPERREFTOV YIATELMDTD LHOTIRSNOG LSEEHEQYPL Biology Laboratory data-
WIPK NVIGLRDVIP PPLRREFSDV YIATELMDTD mQI:RSNQG LSEDHCQYFM bases (accession num-
MPK3 NIIAIRDVVP PPLRROFSDV YISTELMDTD LHQIIRSNQS LSEEH_cQYFL berY12875). The primary
MMK4 NVIGLRDVIP PPLRREFNDV YITTELMDTD LHOTIRSNQON LSDEHCQYFL sequence of ERM kinase

from th
160 170 VI 180 VII 3do . V@8 deauced Trom the

ERMK YQLLRGLKYI HSANITHRDL KPSNLEINAN cm.x:cnmr.. ERENTDDERM  SSOUSNCe of @ cDNA
WIPK YQLLRGLKYI Hs.'am.gnnn i LNz RReNIENENM  Clone isolated by stan-
MPK3 YQLLRGLKYI HSANIT M : mf. BRpTsENDEM  dard methods (28) froma
MMK4 YQILRGLRYI HS}\N ARPTMESDFM parsley cDNA library con-
structed in the A\-ZAP
vector (Stratagene), by
use of a 1.1-kb random

* * 210 VIII 220 230 IX 240 250
ERMK ~TEYVVTRWYR APELLINSSD YTARTDVWSYV GOIVMELMNR KBLFAGKDHV
WIPK TEYVVIRWYR APELLINSSD YTARIDVWSV GCIFMELMNR KPLFGGKDHV
MPK3 TEYVVTRWYR ABELLINSSD VTAAIDVWSV GCIFMELMNR KpLFegkpry 1med ““P-labeled DNA
MMK4 TEYVVTRWYR APELLLNSSD YTSATDVWSV GCIFMELMNK KPLEpGKDHV Probe (megaprime label-
ing kit, Amersham), rep-

260 X 270 280 290 300 resenting the near full-

ERMK  HOMRLLTELL VRNEDAKRFI LQLPREPROP LROLYBOVHP length open reading
WIPK HQIRLLTELL LONEDAKRYT ROLBOHBROO LAEVFBHVNE  frame of MMK4 (12). The
MPK3 HOMRLLTELL GTPTESDLGF THNEDAKRVI ROLENFPRQE LAKLFSHUNP positive clone thus isolat-
MMK4 HQMRLLTELL GTPIDADVGL VKNDDARRYI RQLPQYPROP LNRVFEHVEP St et wilh ke i

310 XI 320 330 340 359 est homlo\ogs‘ MPKS
ERMK LAIDLIDKML TFDBSKRITV EEALAHPYLA RINDIADEPI CTKPESFEFE fromArabidopsis thaliana

WIPK LAIDLVDKML TFDETRRITV gmnkpm Kz.mspsp: cpvppsr'npn (11), MMK4 from Medi-
MPK3 MAIDLVDRML TEDBNRRITV EQALNHOYLA ”‘E’EFE cago sativa (12), and

MMK4  LAIDLVDKML TIDPTRRITV EEALAHPYLE I mEPFSi‘ngE WIPK from Nicotiana

360 370 tabacum (13). Shaded
ERMK ~TAHLGEEQIK DMIYOQEALAF NPDCR areas represent identical sequences. Roman numerals
WIPK QOGIGEEQIK D“IYQEM*SL NRPEYR indicate kinase subdomains (29). Conserved phospho-

MPK3 QQPLDEEQIX EMI_QER\I&L NPTYG

rylation sites are marked with an asterisk.
MMK4 QQHLDEEQIK EMIYREALAL NPEYA

www.sciencemag.org * SCIENCE ¢ VOL. 276 27 JUNE 1997 2055



tions, Pepl3 activation of the ERM kinase
was completely inhibited, indicating that
ion channel activation was also necessary
for this reaction (Fig. 4). Amphotericin B,
which mimics elicitor-induced ion fluxes
and thereby induces the full set of defense
responses (17), also activates the ERM ki-
nase in the absence of elicitor (Fig. 4).
Activation of ERM kinase (Fig. 4), ion
fluxes, and the oxidative burst (17) by am-
photericin B all occur after a delay of about
30 min. Thus, ERM kinase activation de-
pends on the state of specific ion channels,
and activation of these channels is neces-
sary and sufficient for ERM kinase activa-
tion as it is for the induction of the other
elicitor responses in this system.

The elicitor-stimulated production of re-
active oxygen species is thought to be cat-
alyzed by an NADH [nicotinamide adenine
dinucleotide (reduced)] or NADPH [nico-
tinamide adenine dinucleotide phosphate
(reduced)] oxidase that is inhibited by di-
phenylene iodonium (DPI) (19). In elici-
tor-treated parsley cells DPI blocked the
oxidative burst, defense gene activation,
and phytoalexin accumulation without af-
fecting ion fluxes (17). Together with the
results from gain-of-function experiments
with KO,, which stimulated phytoalexin
production in the absence of elicitor, this
placed the oxidative burst downstream of
the ion channels within the elicitor signal
transduction cascade (17). Pep13 activation
of the ERM kinase was not inhibited by
DPI, indicating that this kinase acts either
upstream or independently of the oxidative
burst (Fig. 4).

Certain MAP kinases are translocated
into the nucleus upon activation, where
they may catalyze phosphorylation of tran-

0 1 3 5 10 20 40 60 min
Pep13 ‘I'lllil'll';,’[
Pep13A,
Pep13A; .' =
Pep13A,, ‘

Fig. 3. ERM kinase is exclusively activated by
active peptide elicitor. Suspension-cultured pars-
ley cells were treated with the synthetic peptide
elicitor Pep13 (50 nM), and with inactive
(Pep13A,, 50 nM, and Pep13Ag, 50 nM) and ac-
tive (Pep13A,,, 50 nM) derivatives. Cell extracts
were preparedat0, 1, 3, 5, 10, 20, 40, and 60 min
after elicitor treatment. Cell extracts containing
100 pg of total protein were immunoprecipitated
with M7 antibody. The kinase activity of the immu-
nocomplexes was determined by in vitro kinase
assays with MBP as substrate as described in Fig.
1B.
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scription factors and thereby regulate gene
transcription (20-22). The subcellular loca-
tion of ERM kinase was determined with
M7 antiserum in immunofluorescence mi-
croscopy before and after treating parsley

cells with Pep25 elicitor. Within 3 to 10

min after Pep25 treatment, ERM kinase was
translocated into the nucleus (Fig. 5C). Be-
cause no nuclear localization signal is

present in the ERM kinase, translocation of
the activated kinase into the nuclear com-
partment may be initiated by its interaction
with another protein, perhaps a transcrip-
tion factor. In parsley, several elicitor-re-
sponsive genes have been identified and
have led to the identification of cis ele-
ments and transcription factors that may be
involved in mediating pathogen-induced

A
0135102040min 05102030456090120min 0 1 3 5 10 2040 min
Pep13
Pep13 - " — | e—
Pep13
-
AQC
B
01 3 5 102040 min 05 10 20 30 45 60 90120 min 01 3 5 10 2040 min
- - P - -
s CHRREE o CRREE SRR
Pep13 DP1
-
A9C

Fig. 4. ERM kinase activation depends on elicitor-stimulated ion-channel activity but not on an oxidative
burst. Suspension-cultured parsley cells were preincubated with 100 uwM of the ion-channel blocker
anthracene-9-carboxylate (A9C), with 50 uM of the polyene antibiotic, amphotericin B (Amph), or with
50 uM of diphenylene iodonium (DPI), an inhibitor of the oxidative burst, followed by addition of Pep13
(60 nM) to A9C- and DPI-treated cells 30 min later. After the indicated periods of treatment the cells were
harvested, and total protein was extracted and analyzed by (A) in-gel MBP kinase assays and (B) M7
antibody-precipitated immunocomplex kinase assays as described in Fig. 1.

Fig. 5. ERM kinase is translocated to the nucleus upon elicitor activation. Cultured parsley cells were
treated with Pep25 (175 nM) and harvested before (A and B) or 5 min after initiation of treatment (C and
D). Sections (2 wm) across cell clusters were fixed with 4% formaldehyde, embedded in polyethylene
glycol (30), and either stained with the M7 antiserum (A and C), specifically recognizing ERM kinase, or
with 4’,6’-diamidino-2-phenylindole (DAPI) (B and D) to visualize nuclei. Biotinylated secondary anti-
body, streptavidin—horseradish peroxidase, and fluorescein tyramid reagent were used to visualize the
primary antibody bound to ERM kinase according to the manufacterer’s instructions (Tyramid Signal
Amplification Systems, TSA-Direct-Green, Du Pont, NEN, Boston, Massachusetts). After treatment with
Pep25 most nuclei were decorated by the M7 antibody (B), whereas no or little staining was detectable
in untreated cells (A), in cells treated with water instead of Pep25, or when the M7 antibody was replaced
by preimmune serum. Bar (D), 50 pm.
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transcription (I, 23). Although it has not
yet been shown that phosphorylation of
these transcription factors is responsible for
elicitor-induced transcription of PR genes,
the elicitor-induced relocation of ERM ki-
nase into the nucleus might link cytosolic
signal transduction to nuclear activation of
plant defense genes.

MAP kinases were first found in yeast
and animals, where they participate in sig-
naling cascades linking plasma membrane
receptors that perceive extracellular signals
to a variety of cellular response mechanisms
(24, 25). The MAP kinases known in plants
are activated by environmental stresses and
plant hormones (26, 27). Our results dem-
onstrate posttranslational and transcrip-
tional activation of a plant MAP kinase
within a signal transduction pathway that
mediates the response to a pathogen. Acti-
vation of ERM kinase follows input from
receptor-regulated ion channels of the plas-
ma membrane and precédes or parallels the
formation of O, radicals, which in turn
activate defense genes and phytoalexin syn-

thesis (17).
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Differential Requirements for Survival and
Proliferation of CD8 Naive or Memory T Cells

Corinne Tanchot, Frangois A. Lemonnier, Beatrice Pérarnau,
Antonio A. Freitas, Benedita Rocha*

The requisite molecular interactions for CD8 T cell memory were determined by com-
parison of monoclonal naive and memory CD87 T cells bearing the T celi receptor (TCR)
for the HY antigen. Naive T cells required only the right major histocompatibility complex
(MHC) class I-restricting molecule to survive; to expand, they also needed antigen. In
contrast, for survival, memory cells did not require the restricting MHC allele, but needed
only a nonspecific class |; for expansion the correct class |, but not antigen, was required.
Thus, maintenance of CD8 T cell memory still required TCR-MHC class | interactions,
but memory T cells may have a lower functional activation threshold that facilitates

secondary responses.

The molecular basis of T cell memory te-
mains elusive (I, 2). It is not known if
memory responses depend exclusively on an
increased frequency of antigen-specific T
cells (3) or if “memory T cells” with novel
biological capacities are generated (4).
Memory responses have been reported to
depend on continuous antigenic stimula-
tion (5), but others have observed the per-
sistence of increased frequencies of antigen-
specific CD8* T cells in the apparent ab-
sence of antigen (6-8).

We have investigated the conditions
necessary in vivo for the survival and ex-
pansion of naive and memory antigen-
specific CD8" T cells. Because of the
degeneracy and redundancy of T cell re-
ceptor (TCR) usage in most immune
responses, individual clones of antigen-
specific T cells “in vivo” cannot be easily
examined. T cells may also coexpress dif-
ferent TCRs, and their behavior may be
conditioned by nonspecific antigen effects
(1, 2). Thus, to characterize the function-
al properties and the requirements for per-
sistence of memory T cells, we used mono-
clonal T cell populations.
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Transgenic (Tg) mice bearing a Tg aff
TCR specific for the HY male antigen re-
stricted to major histocompatibility com-
plex (MHC) class I H-2DP and deficient in
the recombinase gene RAG2 (TgRAG2™)
(9) were used to obtain monoclonal popu-
lations of CD8%" T cells. In female
TgRAG2™ mice, all T cells positively se-
lected in the thymus are CD8* Tg
TCRaB* (Fig. 1A). These cells represent a
pure population of naive T cells, because
cross-reactivity with environmental anti-
gens cannot be detected: All these cells are
CD44~ and do not divide (10, 11). Study-
ing these cells ex vivo, we could not detect
lymphokine mRNAs, but these could be
induced after in vitro stimulation with
monoclonal antibodies (mAbs) to CD3
(anti-CD3). Virgin T cells constitutively
expressed little perforin and FasL mRNAs,
which were up-regulated after anti-CD3
stimulation (Fig. 1B) (12).

To study the TCR interactions required
for the survival or division of naive CD8 T
cells, we compared their fate after trans-
fer into irradiated hosts (13) that differed
in MHC class I and HY antigen expres-
sion. These hosts were C57BL/6 CD8-
deficient (14) male (HY"H-2b*) and fe-
male (HY H-2P*) mice; female H-2Db-
deficient mice (15) that lack the MHC
class [ restriction element of this Tg TCR
(16) but express other MHC class I mol-
ecules including H-2K® (HY"H-2Db~

class I*); and female class I™ mice defi-
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