bottom of the smaller half of the specimen
(Fig. 1, a and b). This object differs in
appearance and density from that of the
enclosing matrix and surrounding eggshells
and resembles an embryo in an early stage of
development (16, 17). It is rare, but not
unusual, for soft organic matter to be pre-
served through diagenesis (for example, jel-
lyfish, worms, tendons) (18). Moreover, the
inferred early-stage embryo in the fossil egg
is comparable in size to what would be
found in modern reptile eggs before ovipo-
sition. Most reptiles, except turtles (19), lay
eggs containing embryos whose develop-
ment is about equivalent to a 48-hour chick
embryo.

The presence of a pathological eggshell
and the inverted eggshell curvature in the
hingelike area on the Jurassic egg indicate
that the egg was retained beyond normal
oviposition, possibly as a result of traumatic
events leading to the death of the mother. It
is not known how long it takes for patholog-
ical shell to form; however, the mother must
be alive for this process. In such double-
layered eggs the embryo may still develop
for a short time but will ultimately suffocate
for lack of oxygen caused by misalignment
of the pore canals (20). Because no other egg
has been found, it is possible that the moth-
er was disturbed during oviposition and had
no chance to lay this last egg. The oviducal
position of the egg and burial with the
gravid female would also explain the fine
preservation of the egg and the enclosing
eggshell. The egg may have been fractured
and opened during the death of the mother,
and the oviduct may have held the two
halves together until preservation by sedi-
ments.

Whole dinosaur eggs, pathological egg-
shell, and embryonic remains are extremely
rare, especially before the Cretaceous (21,
22). However, with an eggshell structure
that has a new type of pore canal and
unidentifiable embryonic remains, we are as
yet unable to link the specimen to any of the
dinosaurs of the Cleveland-Lloyd fauna. We
may, however, exclude the sauropods as
they have a totally different eggshell struc-
ture (23). Reliable taxonomic referral, at this
time, can only be based on the presence of
hatchlings or embryos of known identity or
an established fossil record of a structural
type that has been clearly identified with a
taxon.
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Mutations in a Protein Kinase C Homolog Confer
Phorbol Ester Resistance on Caenorhabditis elegans

Yo TaBuUsE, Kivoj1 NISHIWAKI, JOHJI MIwA*

The tpa-1 gene mediates the action of tumor-promoting phorbol esters in the
nematode Caenorhabditis elegans. A genomic fragment that constitutes a portion of the
tpa-1 gene was cloned by Tc1 transposon tagging and was used as a probe to screen a
nematode complementary DNA library. One of the isolated complementary DNA
clones had a nucleotide sequence that predicts a polypeptide of 526 amino acids. The
predicted amino acid sequence revealed that the predicted tpa-1 protein sequence is
highly similar to protein kinase C molecules from various animals, including man.

HORBOL ESTERS SUCH AS 12-O-TET-
P radecanoyl phorbol-13-acetate (TPA)
and phorbol-12,13-didecanoate (PDD)
are potent tumor promoters and cause char-
acteristic responses in many in vivo and
in vitro biological systems (1). These com-
pounds induce severe disturbances in the
behavior and growth of the soil nematode
Caenorhabditis elegans (2). The effects are
specific, since phorbol esters that are
not tumor-promoting do not appear to
cause any disturbances in C. elegans. This
relation between tumor promotion and ef-
fects on the nematode has led to the sugges-
tion that C. elegans has a cellular component
similar to that which mediates tumor pro-
motion (3). To identify this cellular compo-
nent and clarify the mechanism of action of
phorbol esters, we have isolated and ana-
lyzed TPA-resistant mutants that show little
TPA-induced phenotypic change. We have
also investigated the gene tpa-11V, defined
by the mutants, which is involved in the
action of TPA (4). Here, we report the
molecular cloning of the fpa-1 gene by Tc1
transposon tagging (5) and its sequence
analysis.
To tag tpa-1 with transposon Tcl, we
isolated spontaneous TPA-resistant mutants
of the strains NJ82 and RW7097 (6) that

could grow in TPA (1 pg/ml). The pheno-
types of spontaneous mutants exemplified
by MJ566 (k532), isolated from RW7097
(Fig. 1), were similar to those obtained with
cthylmethane sulfonate (EMS)—induced tpa-
1 mutants (4).

Both the complementation test (Fig. 1, D
and I) of MJ566 (k532) against the EMS-
induced tpa-1 standard reference mutant
MJ500 [tpa-1(k501)IV] and three-factor
crosses (7) indicated that MJ566 harbors the
k532 mutation in tpa-1. The tpa-1 mutants
MJ562 (k529), MJ564 (k531), and MJ566
(k532) were used for our analysis; the first
two were independently isolated from the
mutator strain NJ82, and had a phenotype
similar to that of RW7097-derived MJ566
(k532).

For molecular analysis, MJ562 (k529) was
ten times outcrossed to the wild-type N2
and N2-derived tpa-1IV-linked standard ge-
netic markers (8). This outcrossed mutant
was designated MJ563 (k530). The Tcl
polymorphic pattern in Southern analysis of
the genomic DNA from MJ563, N2, and
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the standard genetic markers revealed novel
3.2-kb and 3.4-kb bands in the Hind III
digest of the MJ563 DNA (Fig. 2A). Three-
factor crosses with dpy-9 and unc-17 as genet-
ic markers mapped the 3.2-kb band at less
than 0.9 map units from the ¢pa-1 locus,
whereas the 3.4-kb band was located 1.8
map units from tpa-1.

Excision of the 1.6-kb Tc1 fragment by
Eco RV digestion (9) of the 3.2-kb frag-
ment resulted in the recovery of a 1.6-kb

Fig. 1. Behavior and growth of spontaneous
TPA-resistant mutants represented by MJ566
(k532). (A to E) Behavior and (F to J) growth of
C. elegans, treated or untreated with TPA (1
ug/ml). The animals in (A) to (E) were treated at
the L4 stage for 12 hours at 20°C; those in (F) to
(J) from the L1 stage for 4 days at 20°C, a time
long enough for L1 animals to become gravid
adults. The results were typical of those found in
n =5 similar experiments. (A and F) RW7097,
+/+TPA-sensitive control from which MJ566
was derived. The treated animals developed unco-
ordinated locomotion (left an abnormal track on a
bacterial lawn), were arrested at no later than the
L3 stage by size, and produced no offspring. (B
and G) MJ566, k532/k532 homozygote for the
TPA-resistant mutation k532. The treated animals
moved normally (left a normal track). They also
grew gravid, although they grew slower and
smaller in the presence of TPA than in its absence.
(C and H) dpy-5fer-1/++;k532/+ heterozygote.
Treated heterozygotes developed uncoordinated
locomotion indistinguishable from that of +/+
sensitive controls and produced very few off-
spring. (D and l) dpy-5fer-1/+ +;k532/k501 hetero-
zygote for k532 and the fpa-1 reference mutation
k501. The treated heterozygotes behaved and
grew just as did their parents MJ566 (k532) and
MJ500 (k501), indicating that the k532 and k501
mutations are in the same gene tpa-1. (E and J)
dpy-5fer-1/++;+/+ TPA-sensitive control. The
result was identical to that shown in (A) and (F).
V, TPA-treated animals; V, untreated animals; S,
starting point; asterisks, animals that developed
uncoordinated locomotion after TPA treatment.
Scale bars: (A to E) 1.0 mm; (F to J) 0.5 mm.
Locomotor behavior was examined by placing

Tc1 flanking sequence. This 1.6-kb flanking
sequence hybridized to the 2.4-kb Hind III
fragment in the parent strain NJ82 and in
N2 and the standard genetic markers. Theo-
retically, the insertion of the 1.6-kb Tc1
transposon into the 2.4-kb fragment should
result in a 4-kb fragment instead of the 3.2-
kb molecule that we found. This inconsis-
tency results from the repeated outcrosses of
the original isolate MJ562 (k529), which we
performed to obtain MJ563 (k530); these

TPA-treated or untreated C. elegans on bacterial lawns on agar plates and allowing them to leave tracks
[TPA-sensitive animals develop uncoordinated locomotion within 60 min of treatment (2)]. Growth
was observed by culturing animals on agar plates with or without TPA (4). Genetic construction for the
tested animals and complementation test against the fpa-1 standard reference mutant MJ500 (k501) were

carried out as reported (4).

outcrosses must have been accompanied by
a chromosomal rearrangement that generat-
ed the 3.2-kb fragment. Indeed, the 1.6-kb
sequence derived from MJ563 (k530) hy-
bridized to a 4-kb Hind III digest of the
MJ562 (k529) DNA. Here it is also impor-
tant that the size shift of the hybridizing
fragment from 2.4 to 4 kb was associated
with acquisition of TPA resistance. This
association was also true with MJ564
(k531). The clear association between the
size shift and TPA resistance was demon-
strated with the mutant MJ566 (k532) in
which the expected size shift from 2.4 to 4
kb and vice versa correlated with acquisition
and loss of TPA resistance, respectively (Fig.
2B). These results indicate that the 2.4-kb
fragment constitutes at least a portion of the
tpa-1 gene.

The 1.6-kb Tc1 flanking sequence was
used to screen a C. elegans cDNA library
(10) for a cDNA derived from a tpa-1 gene
transcript. One of the positive clones, desig-
nated cDNA-1, contained a 1.8-kb insert,
which hybridized to the same 2.4-kb Hind
III fragment as that recognized by the 1.6-
kb flanking sequence probe. The sequence
of this insert (11) dictated a part of a puta-
tive open reading frame with the stop codon
TGA at position 1581 that can encode a
protein of 526 amino acid residues (12). The
5’ region of the mRNA corresponding to
c¢DNA-1 probably extends beyond the 5’
end of this cDNA, since there is no potential
initiation codon at this end.

A computer search for homologous pro-
teins with the amino acid sequence deduced
from cDNA-1 detected the highest homolo-
gy to protein kinase C (PKC) molecules of
various animals. The PKC family contains
multiple members with a similar primary
structure (13-17); each member is com-
posed of a single polypeptide with two
major functional domains, an NH,-terminal
regulatory domain and a COOH-terminal
kinase domain. The regulatory domain con-
tains two conserved regions, designated C1

Fig. 2. Identification of genomic DNA related to the tpa-1 gene. (A) Tc1 polymorphism in the spontaneous

tpa-1 mutant MJ563 (k530). DNA samples of N2 (lane 1), dpy-9(e12)IV (lane 2), dpy-9(e12)unc-17(e113)IV
(lane 3), and MJ563 (k530)IV (lane 4) were analyzed by DNA hybridization with Tc1 DNA as a probe. (B)
Size shift of the 2.4-kb Hind III restriction fragment due to the insertion and the excision of Tc1. DNA
samples of RW7097 (lane 1), MJ566 (k532) (lane 2), and the revertant MJ567 (k533) (lane 3) were examined
by DNA hybridization with the 1.6-kb Tc1 flanking sequence as a probe, which was identified in the
experiment in (A). Fragment sizes are indicated on the right in kilobases (Hind III-cut ADNA fragments
were used as size markers). The TPA-sensitive revertant MJ567 (k533) was isolated from the TPA-resistant
mutant MJ566 (k532), derived from RW7097, by selecting a worm that grew in the absence of but not in the
presence of TPA (1 pg/ml). Genomic DNA was extracted as in (26). DNA samples were digested with Hind
IIT (Takara Shuzo Co., Kyoto) to completion and subjected to 1% agarose gel electrophoresis (50 pg per
lane). DNA blotting was performed as described (27). Tc? DNA was prepared from
containing plasmid by Eco RV digestion. Hybridization probes, Tc! DNA and the 1.6-kb Tc1 flanking
sequence, were labeled with biotin-11-deoxyuridine triphosphate with a nick-translation kit (BRL).
Hybridization was carried out in a solution containing 45% formamide at 42°C. The membranes (Biodyne
A, Pall Co., New York) were washed with 2X standard sodium citrate (S§SC) and 0.2x SSC at room
temperature, and then with 0.16x SSC at 50°C; each SSC solution contained 0.1% SDS. Hybridization
bands were detected with streptavidin-alkaline phosphatase complex with a color detection kit (BuGENE,

BRL).
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A C

1 148 220 tpa-1 (220) KKFALPHFNLLKVUGKGSF GKVML VELKGKNEFYAMKCLKKDV I LEDDDTECTY IERRVL
tpa-1 [ ] dPKC  (334) OMIRATO._FI_._________ L AR SE_L.0 1. 1Q.. Vo MK
rPKCa (335) DRMK_TD._F_M_._ S R..TD.L..V_l L. VIQ___V___MV_K___
45% <10% bPKCB (336) DRMK_TD_._F_M__ S R..TD.L._V_ oo . VIQ._._.V___MV_K___
hPKCA (335) DRMK.TD..F._M_______.____._ S_R._TD.L..V_l__...VIQ._.V___MV_K.__
rPKCa Ci c2 T c3 ] ]e7s
19 166 334 621 tpa-1 ILASQCPFLCQLFCSFQTNEYLFFVMEYLNGGDLMHH IQQ I-KKKFDEARTRF YACE | VVAL
dPKC A_GEKP___V__HSC._.MDR.______ Vo_oo.. IFQ...FG._K_PVAV___A__AAG.
B rPKCa A_PGKP___T__HSC___MDR.Y_____ Voo .. Y._._.VGR_K_PHAV___A__AIG.
* % x % * bPKCA A_PGKP___T__HSC__._MDR.Y__.__ Voo Y....VGR_K_PHAV___A__AIG_
tpa-1 ) IQRRRGA | KHARVHE I RGHQF VATFFRQPHF CSLCSDFMWGLNKQGYQCQL CSAAVHKKC hPKCA A_PGKP_ __T__HSC.__MDR_Y____._ [ Y_ . __VGR_K_PHAV.__A__AIG.
dPKC (28) SRL_K._.L_.KKN_FNVKD_C.I_R__K__T___H.K__.I__FG.__F___V__YV___R_
rPKCa (19) RFA_K__LRQKN___VKN_K_T_R__K._.T___H.T__I__FG.__F___V_CFV___R_
bPKCA (19) RFA_K__LRQKN__ _VKN_K_T_R__K__T___H.T__|_._FG...F___V_CFV___R_ tpa-1
hPKCA (19) RFA_K__LROQKN_._VKN_K_T_R__K__.T___H.T__I__FG...F___V_CFV._._R. 4PKC
rPKCa
. . % bPKCA
tpa-1 HEKVIMQCPGSAKNTKE TMALKERFKVD IPHRFKTYNFKSPTFCDHCGSMLYGLFKQGLR hPKCB
dPKC --Y_.TFI_.._KD.GIDSDSP KTQ N_EPFTYAG________._ | R
rPKCa --F_TFS___.AD_GPASDDP -S. Koo
bPKCA --F.TFS___AD.GPASODP  .S.  .K.. tpa-1 KGQLYNEAVDFWSFGVLMYEMLVGQSPFHGEGEDELFDS | LNERPYFPKT | SKEAAKCLS
hPKCB --F.TFS.._AD.GPASODP  .S. -K- - IHTYS. dPKC LY_P_GKS..W.AY___L.______P..D_.D_E.__AA_TDHNVSY._SL._.__KEACK
rPKCa AY_P_GKS__W_A____L____A__A__E__D_.._...Q._MEHNVAY._SM____VAICK
x % * * bPKCA AY_P_GKS__W_A____L____A__A__E__D___._._Q._MEHNVAY__SM____VAICK
tpa-1 CEVCNVACHHKCERL MSNL CGVNOKHSARC hPKCH AY_P_GKS_.W_A____L.___A__A__E..D__._.Q__MEHNVAY__SM____VAICK
dPKC _SA_DMNV_AR_KENVPS___CDHTERRGR
rPKCa _DT_MMNV_KR_VMNVPS___TDHTERRGR
bPKCA -DT_MMNV_KR_VMNVPS.._TOHTERRGR tpa-1 ALFDRNPNTRLGMPE CPOGP | RQHCF F RGVDWKRF ENRQVIPPPFKPN | KSNSDASNF DDD
hPKCA -OT_MMNV_KR_VMNVPS . _TDHTERRGR dPKC GFLTKQ. _K.__CGSSGEEDV_L.P_S.RI._EKI_..E_O.____K._HRKMCPTLTSS
rPKCa G.MTKH_GK.__CGPEGERD_KD_A___.YI|_._EKL_RKEIQ._Y__K ACGRN_.E.__RF
Fig. 3. Comparison of the amino acid sequence of the predicted tpa-1 protein bPKCA G-1TKH_GK___CGPEGERD_KE_A.__v|__EKL_ RKEIO..Y. K ACGRN.E...RF
. . . . . -MTKH_GK_._._.CGPEGERD_KE_A___YI__EKL_RKEIQ__Y__K ACGRN_E___RF
with various protein kinase Cs (PKCs). (A) Comparison between the hPKea O-MTKH-GK. .. CGPEGERD
putative tpa-1 protein and rPKCa. For sequence partition of rPKCa see (15).
Sequences were aligned to obtain maximum matching. The ¢pa-1 protein was tpa-1 FTNEKAA
used as a reference to obtain the indicated percent similarities. (B) The NH,- dPKC SHOR_QT
terminal sequence of tpa-1 protein, from amino acid 1 to 148, was compared rPKCa - -RHPPVLTPPDQEVIRNIDASEFEGF SFVNSEFLKPEVKS
.th th t f r an NH “te . a.l re iOn Of Various rel resentative PKCS bPKCA - -RHPPVLTPPDQEVIRNIDQSEFEGF SFVNSEFLKPEVKS
wi at 1o 2-termin: g P! : hPKCA _ _RHPPVLTPPDOEV | RN DQSEF EGF SFVUNSEF LKPEVKS

Asterisks indicate cysteine residues. (C) Amino acid sequence of the tpa-1

protein from residue 220 onwards was compared with the kinase domain
sequence of PKCs. Bold lines on the top of the sequence indicate the
characteristic sequence found in an ATP-binding site of various protein
kinases (24). Broken lines on the sequence indicate the sequences character-
ized by a serine-threonine kinase (24). Residues in various PKCs identical to

and C2, and the kinase domain contains a
third conserved region, C3 (Fig. 3A).

In the tpa-1 protein predicted from
cDNA-1, about 45% of the amino acids 1 to
148 are identical to those in the C1 region
of other animal PKCs (Fig. 3, A and B). A
twice tandemly repeated cysteine-rich se-
quence of the motif C-X,-C-X;3-C-X,-C-X7-
C-X;-C (18), which characterizes all known
PKCs (13-17) and shows resemblance to a
putative DNA- and metal-binding finger
structure (19), is conserved in this region.
Also, the fpa-1 protein contains no obvious
regions that may be associated with an EF
hand (20) or with a lipocortin-type calcium
binding consensus sequence (21). The re-
gion of amino acids 149 to 219 bears no
similarity to any region of the reported
PKCs (Fig. 3A). The tpa-1 protein has one
notable difference in the regulatory domain;
that is, it lacks a sequence corresponding to
the C2 region of other PKCs. New mem-
bers of the PKC family that also lack a C2
region have been reported in rat (22) and
rabbit (23). The evolutionary conservation
of tpa-1-like molecules implies their impor-
tance to animals in general.

The amino acid sequence of the fpa-1
protein from residues 220 to 526 exhibits
substantial homology to the kinase do-
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amino acid in the figu

main of various other protein kinases,
such as adenosine 3',5’-monophosphate
(cAMP)- and guanosine 3',5'-monophos-
phate (cGMP)—dependent protein kinases
(40% identical in each case). It shares, how-
ever, the highest homology (53 to 63%) to
PKCs (Fig. 3, A and C). The C. elegans
protein in this region also contains the
sequences LGXGXXGXV (amino acids 233
to 241) and AXKXL (amino acids 254 to
258), both of which are assumed character-
istic of an adenosine triphosphate (ATP)
binding site of protein kinases (18, 24). The
sequences DLKLDN (amino acids 351 to
356) and GTPDYISPE (amino acids 389 to
397) suggest that the tpa-1 protein is a
serine-threonine kinase like other known
PKCs (18, 24).

Our results indicate that the #pa-1 gene
codes for a protein similar to PKCs of other
animals. We previously demonstrated (4)
that mutations in the tpa-1 gene correct
specific behavioral and developmental dis-
turbances induced by tumor-promoting
phorbol esters. These results are consistent
with the idea that these compounds exert
their biological effects through interaction
with PKC (25). Possibly, the phorbol esters
interact with the tpa-1 gene product to in-
duce the observed phenotypes in C. elegans.

those in the tpa-1 protein are indicated by dashes. Insertions are shown as
spaces. A number in parentheses represents the residue number from the first
re. dPKC, Drosophila PKC (16); rPKCa, rabbit PKCa
(15); bPKCB, bovine PKCP (13); hPKCB, human PKCB (14). [The naming
of tPKCa (15) was later changed to rPKCB II (23).]

Whether the induced phenotypes reflect a
regulatory role for the tpa-1 protein in be-
havior and growth of the animal remains to
be seen.
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In Vivo Modulation of Cytolytic Activity and Thy-1
Expression in TCR-y8™ Intraepithelial Lymphocytes

Leo LEFRANCOIS AND THOMAS GOODMAN

Although the functional aspects of the ap T cell antigen receptor (TCR) found on
most peripheral T cells are well described, the function of the y3 TCR remains unclear.
Murine intraepithelial lymphocytes (IEL) of the small intestine are CD8™, express the
vd TCR, and are constitutively lytic. Fresh IEL from germ-free mice had no lytic
activity. Moreover, whereas IEL from normal mice are 30 to 50 percent Thy-1*, IEL
from germ-free did not express Thy-1. Acclimation of germ-free mice to nonsterile
conditions resulted in the generation of Thy-1* IEL and induction of lytic activity.
Thus CD8* TCR-y8 IEL were regulated by externally derived stimuli via a specific
functional interaction between IEL and gut-associated antigens.

HE MUCOSAL IMMUNE SYSTEM IS
Tonc of the first lines of defense

against bacterial and viral invasion.
In the small intestine at least three anatomi-
cally distinct lymphoid areas are evident: (i)
Peyer’s patches, (ii) lamina propria of the
villi, and (iii) intraepithelial lymphocytes
(IEL) residing between the columnar epi-
thelial cells of the villi. In the mouse, IEL are
made up of both Thy-1* and Thy-1~ CD8™
CD3* T cells (1, 2). This latter subset of T
cells has been detected only in this location.
The relation of the Thy-1~ IEL to Thy-1*
IEL and to other peripheral T cells is un-
known. Recently, we reported that murine
CD8" IEL express heterodimeric T cell
receptors (TCRs) composed of y and 8
chains (3). Most other murine TCR-y8—
expressing cells described are of the
CD478~ phenotype and are found in very
small numbers in the thymus (4, 5), spleen
(6), or peripheral blood (5), or in the skin as
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dendritic epidermal cells (DEC) (7, 8). Most
of the CD8" T cell populations express
TCRs composed of o and B chain hetero-
dimers (9, 10). In addition, freshly isolated
IEL are constitutively lytic, unlike other
CD8™ peripheral T cells, implying that in
situ activation of IEL occurs under normal
circumstances (3). However, the origin of
the antigens involved in the in vivo activa-
tion of IEL has not been determined. Thus,
although it is clear that TCR-yd expressing
CD8" IEL constitute a T cell lineage dis-
tinct from other CD8* T cells, their role in
vivo remains unclear.

To determine the nature of the antigens
involved in IEL activation, we analyzed IEL
from germ-free mice for lytic activity. We
used a redirected lysis assay in which a
monoclonal antibody (MAb) to CD3 is
bound to an Fc receptor—positive target cell
to detect all lytic activity regardless of recep-
tor specificity (11, 12). The IEL in all experi-
ments were ~95% CD3"87. In five of five
experiments with IEL isolated from a total
of 50 Swiss (NIH) germ-free mice virtually

no lytic activity was detectable, although the
same MAD efficiently directed the lytic activ-
ity of a cytolytic T cell clone. Results from a
representative experiment are depicted in
(Fig. 1). In contrast, IEL from Swiss (NIH)
mice reared under standard conditions or
1IEL from C57BL/6 or BALB/c mice, had
cytolytic activity (Table 1) (13). The absence
of lytic activity in IEL from germ-free mice
indicated that environmental antigens were
responsible for the in vivo activation of IEL.

We also phenotypically characterized IEL
from germ-free mice. Although all CD8*
IEL from germ-free mice expressed CD3,
there were few cells with detectable Thy-1
antigen (Fig. 2). However, 35% of IEL
from Swiss (NIH) mice were Thy-1*, a
percentage similar to our results with IEL
from C57BL/6 mice (3). Therefore, IEL in
the absence of antigenic stimuli in vivo were
not cytolytic and did not express Thy-1. If
there were a relation between lytic activity
and Thy-1 expression in IEL, then removal
of Thy-17 cells from IEL from normal mice
should result in the loss of lytic activity. We
isolated IEL from C57BL/6 or Swiss (NIH)
mice and removed Thy-1" cells with MAb
to Thy-1 and complement. The remaining
populations, which were routinely <5%
Thy-1%, were assayed for cytolytic activity
(Table 1). In all cases, the lytic activity of
IEL was reduced to background levels after
removal of Thy-1" cells; thus the lytic activi-
ty of IEL resided primarily in the Thy-1"
subset.

To further substantiate the involvement
of antigenic stimulation in the generation of
Thy-1* IEL and cytolytic activity, we intro-
duced germ-free mice into our standard
mouse colony. After four weeks, IEL from
such “acclimated” mice were assayed for
cytolytic activity and for Thy-1 expression

Table 1. Lytic activity of IEL after removal of
Thy-17 cells. IEL were treated with antibody to
Thy-1, followed by two successive treatments
with complement (C). The resulting populations
were <5% Thy-1*. Starting populations were
37%, 34%, and 42% Thy-1" for experiments 1 to
3, respectively. IEL were isolated from C57B1/6]
mice (experiments 1 and 2) or from Swiss (NIH)
mice (experiment 3). One lytic unit is the number
of effector cells required to achieve 20% specific
lysis of 2.5 x 10% target cells. Target cells were
51Cr-labeled P815 (DBA/2 mastocytoma) with
the addition of 1 pg of anti-CD3 per milliliter.
Lytic activity in all cases without the addition of
anti-CD3 was negligible.

Ex- Lytic activity
peti- (lytic units per 10° cells)
ment C alone anti-Thy-1 + C
1 9.3 <0.1
2 8.0 <0.1
3 9.2 <0.1
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