proteins. Mitochondrial transformation,
however, should provide a generally applica-
ble technique for mutational studies of mi-
tochondria-encoded proteins as well as per-
mit many studies of the function and evolu-
tion of mtDNA sequences that could not be
done with the techniques previously avail-
able.
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Extensive Junctional Diversity of Rearranged Human

T Cell Receptor 6 Genes

SHINGO HaTtA, KARUTURI SATYANARAYANA, PETER DEVLIN,
HaMip BAND, JOANNE MCLEAN, JACK L. STROMINGER,
MIcHAEL B. BRENNER, MICHAEL S. KRANGEL

The human T cell receptor 8 (TCR 8) gene encodes one component of the TCR v3-
CD3 complex found on subsets of peripheral blood and thymic T cells. Human TCR 8
diversity was estimated by characterizing rearrangements in TCR ¥3 cell lines and
determining the structures of complementary DNA clones representing functional and
nonfunctional transcripts in these cell lines. One V8 segment and one J& segment were
identified in all functional transcripts, although a distinct J8 segment was identified in
a truncated transcript. Further, one D8 element was identified, and evidence for the
use of an additional D& element was obtained. Thus human TCR 8 genes appear to use
a limited number of germline elements. However, the apparent use of two D3 elements
in tandem coupled with imprecise joining and extensive incorporation of N nucleotides
generates unprecedented variability in the junctional region.

WO DISTINCT CD3-AssoCIATED T

cell receptor (TCR) structures have

been identified on the surface of
mature, peripheral blood T lymphocytes.
The first receptor structure, TCR aff (1), is
expressed on most peripheral blood T lym-
phocytes. These cells, which are typically
either CD4"CD8~ or CD4~CD8", are in-
volved in antigen-specific, major histocom-
patibility complex—restricted recognition
and display either helper or cytotoxic activi-
ty (2). The second receptor structure, TCR
Y3 (3, 4), is expressed on a much smaller
subset of peripheral T lymphocytes (0.5%
to 12%), as well as on thymocytes and other
cells  (5-8). These cells are either
CD47CD8" or CD4 CD8" and have cyto-
toxic activity, but the nature of the antigens
and restricting elements recognized by these
lymphocytes is unknown.

All four receptor chains are encoded by
immunoglobulin-like gene segments that re-
arrange to form a functional gene during T
cell differentiation (9—14). The human TCR
a locus is composed of approximately 50
variable (V) segments, 50 joining (J) seg-
ments, and a single constant (C) segment,
whereas the human TCR B locus is com-
posed of approximately 70 V segments, two
diversity (D) segments, 13 J segments, and
two C segments (15). Germline diversity,
combinatorial and imprecise V-(D)-J join-
ing, the insertion of template-independent
N-region junctional nucleotides, and combi-
natorial association of a and B polypeptides
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generate an extensive TCR af repertoire
(15, 16).

Characterization of the human TCR v
locus (17, 18) and the isolation of cDNA
clones encoding human TCR 3 (11-13)
allow a similar assessment of the human
TCR v3 repertoire. In contrast to the TCR
a and B loci, the human TCR v locus is
composed of only six or seven functional V
segments, five ] segments, and two C seg-
ments (17, 18). Furthermore, the two most
commonly used J segments are identical in
amino acid sequence. Thus germline diversi-
ty is limited, and imprecise joining and N
nucleotides play important roles in generat-
ing variability in TCR vy (17).

In order to investigate the variability of
TCR 3, we obtained and analyzed cDNA
clones representing seven distinct TCR 3
transcripts from four TCR 43 cell lines.
These clones display use of a single TCR 8 V
segment and a predominant TCR 8 ] seg-
ment, suggesting limited germline diversity.
However they show unprecedented variabil-
ity in the V-J junctional region.

We used a V-specific probe derived from
the IDP2 TCR & c¢DNA clone 0-240/47
(11) to examine TCR 8 rearrangements in
Xba I digests of genomic DNA from five
different TCR 3 cell lines (Fig. 1A). This
probe detects a single germline fragment of
7.5 kb that is rearranged to a 6.2-kb frag-
ment on one chromosome in Molt-13 (12,
19), IDP2 (3), PEER (5-7), PBL L1 (6)
(Fig. 1A) and PBL C1 (6). We also sub-
cloned a genomic fragment encoding the J&
segment present in the IDP2 TCR 8 cDNA
clone (J81) (20). This probe detects a single
1.7-kb germline fragment that is rearranged
on both chromosomes in all TCR 3 cell
lines examined (Fig. 1B). One rearranged
band, of 6.2 kb, corresponds exactly to the
rearranged fragment detected by the V-
specific probe, indicating the rearrangement
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Fig. 1. TCR & gene rear-
rangements in TCR v
cell lines. High molecu-
kb lar weight genomic
DNA was digested with
= Xba I, eclectrophoresed
g % through 0.7% agarose,
¥ Guveey  and transferred to Hy-
nt bond membranes (Amer-
sham). Filters were
y probed with appropriate
DNA fragments labeled
23 - by hexamer priming
20 - (26), and were washed
i with 1x SSC and 0.5%
SDS at 23°C and then
with 0.1x SSC and
0.1% SDS at 60°C. SB
(B cell line), HL60 (my-
eloid cell line), and PBMC (fresh peripheral blood mononuclear cells) serve as germline controls. Molt-
13 and PEER are TCR v leukemic cell lines, IDP2 is a long-term IL-2—dependent TCR +yd cell line,
and PBL L1 is an oligoclonal IL-2—dependent TCR 3 cell line. Ethidium bromide staining revealed
that PBL L1 DNA was overloaded, and PBMC DNA underloaded, relative to the other samples. A
phage A Hind III digest provided molecular weight markers. (A) V3 probe, a 300-bp Eco RI-Sca I
fragment of IDP2 TCR & clone 0-240/47 (11). (B) J31 probe, a genomic 1.7-kb Xba I fragment
carrying the J31 segment (20). (C) J52 probe, a genomic 1.1-kb Xba I-Bam HI fragment carrying the
J52 segment (20). Abbreviations for the amino acid residues are: A, Ala; C, Cys; D, Asp; E, Glu; F,
Phe; G, Gly; H, His; I, Ile; K, Lys; L, Leu; M, Met; N, Asn; P, Pro; Q, Gln; R, Arg; S, Ser; T, Thr; V,
Val; W, Trp; and Y, Tyr.

HL60
Molt-13
IDP2
PEER
PBL L1
PBMC
SB
HL60
Molt-13
IDP2
PEER
PBL L1
PBMC
SB
HL60
Molt-13
IDP2
PEER
PBL L1
PBMC
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Probe: V5 J&1 Jaz2

v J
A
90 100 110
C A L AV R G K L L E R N G G Y A V F P s D K L
1DP2 TGT GCT CIT G CT GTA CGG GGA AAA CIC CTA GAA AGG AAT GGG GGA TAC GCG GIC TIT CCA T CC GAT AAA CTC
- - = G E P G S L Q W G W G R 6 I 6 6 -
PBL C1  --- === --- -GG GAA C CC GGC TCC CTA CAG TGG GGG TGG GGT CGT GGG ATA GGT GG - ===
- - - 6 E P G G Y T - - -
Molt-13 === === === -GG GAA C CT GGG GGG T AC A== === === ===
- - - 6 E S Q P P Y W G I R R I L Y T - - -
PBL Lla --- === --- -GG GAA TCC CAA CCT CCC TAC TGG GGG ATA CGC AGG ATC CIG T AC A-- === === ===
- - - 6 E K W T b F P K T Y W G I R N T - - -
PBL L1b --- --- --- -GG GAA AAA TGG ACG GAC TTC CCA AAA ACG TAC TGG GGG ATA CGG A AC A== === === ===
Germline Germline
v === === === -GG GAA CT cacagtg...(23)...acaaaaacc J: ggtttttgg...(12)...tgetgtg AC A== === === ===
v N? D? N? D N? J
B
1DP2 TGIGCICTIG CTGTACGGGGAAAA CTCC TAGAAAGGAA TGGGGGATACG CGGTCTTTCCAT CCGATAAACTCAT
PBL C1 TGTGCTCTTGGGGAAC CCGG CICCCT ACAG TGGGGG TGGGGTCGTGGGATAGGTGG ACTCAT
Molt-13 TGTGCTCTTGGGGAAC CTGGGGG GT ACACCGATAAACTCAT
PBL Lla TGTGCTCTTGGGGAA TCCCAAC CICCCT ACTGGGGGATACG CAGGATCCTGT ACACCGATAAACTCAT
PBL L1b TGTGCTCTTGGGGAA AAAATGGACGGACT TCCC AAAAAACGT  ACTGGGGGATACG GA ACACCGATAAACTCAT
PBL Llc TGTGCTCTTGGGGAACT cc ACAG CTGGGGGATACG GAGG CCGATAAACTCAT
PEER TGIGCTCTTGGG ACGGGGGTGA GGGGA CTCCAGG ACACCGATAAACTCAT

Germline D agtttttgt...(12)...cactgtg ACIGGGGGATACG cacagtg...(23)...acaaaaact

Fig. 2. Structure of human TCR $ V-J junctional regions. (A) Nucleotide and deduced amino acid
sequences of the junctional regions of cDNA clones representing functional TCR 8 transcripts in PBL
Cl, Molt-13, and PBL L1 (PBL L1a and PBL L1b) are presented and compared with those of IDP2.
Lambda gt10 cDNA libraries (19, 27) were screened with probe IDP2 0-240 (11) labeled by nick-
translation, the 5' Eco RI fragments (extending from the Eco RI linker at the 5’ end to the natural Eco
Rl site 75 bp into the C segment) were subcloned, and their sequences were determined on both strands
by the dideoxy chain termination method (28). The sequences proved identical to the V, J, and C
sequences of IDP2 TCR 38, except in the junctional region. Only the junctional region is shown.
Sequences are aligned in the V and J segments with (-) denoting identities. The boundaries of the
germline V and J segments (20), including heptamer and nonamer recombination signals, are presented.
Junctional sequences are not aligned. Codon numbering is for IDP2 TCR & (11). (B) Nucleotide
sequences presented in (A) are compared with those of a TCR 8 cDNA clone representing an out-of-
frame transcript in PBL L1 (PBL Llc) (PBL Lla, b, and ¢ were found in ratios of 8:4:1) and that
reported for PEER TCR 8 (12). Sequences are aligned to emphasize segments shared by the majority of
the clones. The sequence of one germline D element (20), including h and nonamer
recombination signals, is presented. Assignments of other potential N and D nucleotides are based on
homologies and should be considered tentative.
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of a common V t to a common J
segment in Molt-13, IDP2, PEER, PBL L1
(Fig. 1B), and PBL C1. The J81 probe also
detects a second rearranged band of 2.7 kb
that is shared by IDP2, PBL L1, and PBL
Cl. By contrast, Molt-13 displays a distinct
rearranged fragment of 7.2 kb detected by
the J31 probe, whereas PEER displays no
detectable second rearrangement and has
presumably deleted J31 on this chromo-
some. The polyclonal TCR 3 cell line PBL
L1 displays an additional minor J31 rear-
rangement of 1.8 kb. It is likely that some of
the rearrangements detected by the J81
probe reflect partial (D-J and D-D-J) joins
on one chromosome.

In order to investigate in more detail the
functionally rearranged TCR & genes in
these cells, we isolated and characterized
cDNA clones encoding the expressed TCR
3 polypeptides. Nucleotide sequence analy-
sis identified one functional transcript in
TCR 8 peripheral blood clone PBL C1,
one functional transcript in leukemic TCR
8 cell line Molt-13, and two functional
transcripts in the oligoclonal TCR y3 pe-
ripheral blood cell line PBL L1 (PBL Lla
and PBL L1b) (Fig. 2A). The V, J, and C
segments of these clones are identical to
those of the previously characterized IDP2
(11) and PEER (12) TCR & cDNA clones.
However, by comparison to the structures
of the germline V and J segments (20) (Fig.
2A), the 3’ boundaries of the V segment
and the 5’ boundaries of the J segment vary.
Strikingly, the regions between the 3’ end of
the V segment and 5’ end of the J segment
range from as few as 9 to as many as 51
nucleotides. The junctional segments are
therefore longer, and the variability among
sequences more extensive, than is typically
observed for other rearranged TCR genes
(15, 16).

An alignment of the junctional sequences
of these cDNA clones as well as of a cDNA
clone representing a nonfunctional TCR 8
transcript in PBL L1 (PBL Llc) and a
cDNA clone representing a functional TCR
8 transcript in PEER (12) cells is presented
in Fig. 2B. Although there is wide variation
in the junctional sequences, two discrete
blocks of nucleotide homology are appar-
ent. Segments of the sequences CTCCCT
and ACTGGGGGATACG appear in most
cDNA clones. Because these sequences are
shared among the clones, they are likely to
be germline encoded and represent at least
portions of two distinct D3 elements. The
germline structure of the 3’ D3 element,
flanked by conserved heptamer and non-
amer recombination signals (21), has been
determined (20) (Fig. 2B). This D element
conforms to the known properties of TCRB
D elements in that it is G-rich, is joined in an
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J C

LEDSAZKYTFCALGETPG GG

Molt-13 CTAGAAGATTCAGCAAAGTACTTTTGTGCTCTTGGGGAACCTGGGGGGT

Y TDKILTITFGIKGTR
ACACCGATAAACTCATCTTTGGAAAAGGAACCCGTGTGACTGTGGAACCAA

vV TV E P R S
GAAGTC

Germline aggtgggagcagegetga ggtttttgg aacgtcctcaag tgetgtg

gtaagt

WD-RQMF--T=-1TFKTLF---[--
Molt-13t  ctccaggcta gttacctgt gaggcactgtca taatgtg |CTCCTGGG----- CGAC-GA-GT-T--C-~--CT--C-T-AAAC-CTTC-----G--CC| -----
Germline ctccaggcta gttacctgt gaggcactgtca taatgtg |CTCCTGGG----- CGAC-GA-GT-T--C-~--CT--C-T~AAAC-CTTC--~~~! G--CC| gtgagt

Fig. 3. Structure of the Molt-13t TCR & ¢cDNA

clone. The nucleotide and deduced amino acid

sequences of the Molt-13t (truncated) cDNA are aligned with the Molt-13 (functional) cDNA. These
sequences are compared with the sequences of the germline J segments (20), and the J coding segments
are boxed. Identities in the J and C segments are noted (—). Heptamer- and nonamer-like elements are

underlined. The underlined nonamer-like element
significantly from the consensus nonamer.

imprecise fashion, and is translatable in all
three reading frames (22). Two reading
frames are actually used among the five
functionally rearranged TCR & genes ana-
lyzed here (Fig. 2A). The use of a 5" D%
clement is inferred from the sequence con-
servation noted. However, this remains to
be confirmed by genomic analysis.

The sequences interspersed between the
boundaries of the V, D, and J elements
display little identity with each other. Some
of these nucleotides may derive from the
putative 5° D element or perhaps from
additional D elements. However, most of
them almost certainly do not, and therefore
likely represent the incorporation of tem-
plate-independent N region nucleotides, a
process thought to be mediated by the activ-
ity of terminal transferase (23). The tenta-
tive assignments in Fig. 2B suggest exten-
sive N nucleotide incorporation at multiple
sites in the junctional region.

We also identified a cDNA clone repre-
senting a second transcript from the Molt-
13 cell line (Molt-13t). This cDNA has C
sequences identical to those of other cDNA
clones but lacks V sequences and thus ap-
pears to represent a truncated nonfunctional
transcript. Notably, the region immediately
5’ of the C segment is related to, although
distinct from, the J segment (J81) found in
the functional cDNA clones (Fig. 3). The
two ] sequences display only 53% identity
(26/49) at the nucleotide level and 44%
identity (7/16) at the amino acid level. Fur-
ther, the Molt-13t J segment (J82) is 8 bp
longer. Despite these differences, J32 differs
from the core of most highly conserved
TCR ] residues (15) (FG-G[T/S]-L-V; FG-
GT-L-V-P for Ja) in only a single position,
although this substitution (I for T) is unusu-
al. At its 5’ boundary the Molt-13t J32
sequence is bounded by the consensus hep-
tamer-like sequence TAATGTG. This is sep-
arated by 12 bp from the sequence
GTTACCTGT, which displays only limited
similarity to the consensus nonamer recom-
bination signal GGTTTTTGT (21). A ge-
nomic fragment encoding the J82 segment
detects a single germline fragment of 5.1 kb

10 JUNE 1988

flanking the Molt-13t J segment (J32) diverges

that is unrearranged in all TCR v cell lines
examined (Fig. 1C). Since Molt-13 has un-
dergone two different J31 rearrangements,
and since the region upstream of the germ-
line J82 segment displays a sequence identi-
cal to that of Molt-13t (Fig. 3) (20), the
Molt-13t ¢cDNA clone must represent a
transcript initiating upstream from J32 on a
chromosome that has undergone rearrange-
ment at J81. The lack of rearrangement to
J32 in this panel of TCR v cells may reflect
the divergent nonamer-like recombination
signal flanking this element.

Heptamer- and nonamer-like elements
separated by 23 bp flank the 3’ ends of the
V3 segment and the identified Dd segment,
whereas similar elements separated by 12 bp
flank the 5’ ends of the D3 and Jd segments.
On the basis of the so-called 12/23 rule (21)
and the apparent incorporation of two D3
elements in tandem into the junctional re-
gion, the putative 5’ D8 segment would be
predicted to be flanked by recombination
signals spaced like those of the 3’ D3 ele-
ment. This arrangement of recombination
signals would allow for the incorporation of
0, 1, 2, or perhaps more D elements be-
tween the V and ] segments, further increas-
ing the potential for diversity at the junc-
tion. Indeed, the alignments in Fig. 2B
suggest that rearranged TCR 3 genes in
peripheral blood cell lines (IDP2, PBL Cl1,
and PBL L1) incorporate both D3 elements,
whereas those in the leukemic cell lines
(PEER and Molt-13) incorporate only the
3’ D3 element.

These results are consistent with data in
the murine system. Chien ez 4l. (24) identi-
fied two J3 segments highly homologous to
those identified here (44/51 and 53/59
matches at the nucleotide level to J31 and
J82, respectively). Further, they have identi-
fied two D3 elements that may be incorpo-
rated in tandem into the junctional region.
Murine D32 matches the identified human
D3 element at 10 of 13 nucleotides that can
be compared, although the murine segment
is 3 bp longer. Perhaps in analogy with the
apparent difference in human D3 element
use between the leukemic and peripheral

blood cell lines characterized in this study,
the murine D32 element is selectively incor-
porated into rearranged murine fetal thymo-
cyte TCR 3 genes (24). Multiple murine V3
segments have already been defined (10,
24).

Our initial studies indicate that germline
human TCR 8 diversity is quite limited.
That only a single V3 and J§ segment are
found in all functionally rearranged genes
characterized here is unlikely to be due to
the selective expansion of certain clones of
TCR 3 lymphocytes as a result of a com-
mon cell source or particular culture condi-
tions, since IDP2, PBL C1, and PBL L1 are
peripheral blood cell lines whereas Molt-13
and PEER are leukemic cell lines and all are
derived from different individuals. Because
our sampling of TCR 3 transcripts is admit-
tedly small, any conclusions must be tenta-
tive. For example, preliminary characteriza-
tion of a distinct panel of TCR +3 cell lines
indicates the use of two additional V3 seg-
ments (25). However, the repertoire of
germline TCR 8 V and J segments appears
to be much closer to that of TCR v than to
that of TCR o or TCR B and in fact might
be smaller than that of TCR «.

In contrast to the limited germline diver-
sity indicated by these sequences, the level of
TCR 3 junctional diversity is unprecedent-
ed. The apparent incorporation of multiple
D elements in tandem distinguishes TCR &
from both the TCR B and immunoglobulin
heavy chain genes. This feature, in conjunc-
tion with imprecise joining, multiple sites of
insertion and extensive incorporation of N
nucleotides, and translation in multiple
reading frames, generates tremendous diver-
sity in a small segment of the polypeptide.
This suggests that the TCR 3 variable do-
main may form a relatively conserved frame-
work, with a single hypervariable region at
the V-D-J junction. Junctional variability
appears to be an important factor in TCR vy
diversity as well. The contrasts between
these patterns of diversity and those of TCR
a and TCR B should reflect differences in
the types of antigens and restricting ele-
ments recognized by the af and y3 TCRs.
High junctional diversity might imply that
TCR v3 could indeed recognize a diverse
universe of antigens. However, the limited
germline repertoire might indicate that such
antigens would be presented on a restricting
element displaying limited polymorphism.
These studies may therefore serve as impor-
tant clues to functional differences between
TCR of and TCR +3 lymphocytes.
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Inhibition of Cellular Proliferation by Antisense
Oligodeoxynucleotides to PCNA Cyclin

DAr1usz JASKULSKI, J. Kim DERIEL, W. EDWARD MERCER,
BRUNO CALABRETTA, RENATO BASERGA

The proliferating cell nuclear antigen (PCNA or cyclin) is a nuclear protein recently
identified as a cofactor of DNA polymerase 8. When exponentially growing Balb/c3T3
cells are exposed to antisense oligodeoxynucleotides to PCNA, both DNA synthesis
and mitosis are completely suppressed. A corresponding sense oligodeoxynucleotide
has no inhibitory effects. These experiments indicate that PCNA (cyclin) is important
in cellular DNA synthesis and in cell cycle progression.

HE PCNA WAS ORIGINALLY DE-

scribed as a nuclear antigen detect-

able by immunofluorescence, and its
appearance has been correlated to the prolif-
erative state of the cell (7). A similar nuclear
protein described by Bravo and co-workers
was called cyclin (2). PCNA and cyclin were
shown to be identical (3) and were identi-
fied as an auxiliary protein for DNA poly-
merase 8 (4), necessary for the replication of
simian virus 40 DNA (5). A partial-length
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cDNA clone of human PCNA was isolated
and sequenced by Almendral ez al. (6), and a
full-length human cDNA clone was isolated
(7) from an Okayama-Berg library (8).

We have constructed oligodeoxynucleo-
tides complementary to either the sense or
the antisense strand of the first 36 nucleo-
tides of the PCNA sequence, beginning
from the AUG codon.

The relevant PCNA sequence for these
experiments includes the last 48 nucleotides
that precede the AUG codon, as well as the
first 72 nucleotides of the coding sequence
(Fig. 1). Four 18-mer oligodeoxynucleo-
tides were synthesized (Fig. 1). The first 18-

mer (cyclin 1) extends from nucleotide 4 to
nucleotide 21, inclusive. Cyclin 3 extends
from nucleotide 22 to nucleotide 39 inclu-
sive. Cyclin 2 and cyclin 4 are the antisense
complementary strands of cyclin 1 and cy-
clin 3, respectively. The oligonucleotides
were made on an Applied Biosystems 380B
DNA synthesizer by means of B-cyanoethyl
phosphoramidite chemistry. The overall
yield of 18-mer was 80 to 85%, and the
lyophilized product was redissolved in cul-
ture medium.

In these experiments we used Balb/c3T3
cells, exponentially growing on cover slips in
the presence of Dulbecco’s medium supple-
mented by 10% fetal bovine serum. The
oligodeoxynucleotides [a mixture of cyclins
1 and 3 (sense) or cyclins 2 and 4 (anti-
sense)] were added at time 0 to cultures
without serum, as follows. The growth me-
dium was removed, and the cultures were
incubated in Dulbecco’s medium (without
serum) to which oligodeoxynucleotides (30
pM) were added. After incubation for 30
min with oligodeoxynucleotides, serum was
added to a final concentration of 10% with-
out changing the medium. The cells were
incubated for up to 24 hours, labeled with
[*H]thymidine (6.7 pnCi/ml) for 30 min,
and then fixed in methanol. Addition of
antisense  oligodeoxynucleotides markedly
inhibited the proliferation of Balb/c3T3
cells. Cultures incubated with cyclins 2 and
4 remained sparse, whereas the correspond-
ing controls and the cells exposed to sense
oligodeoxynucleotides grew to 70% conflu-
ence, as evaluated by visual observation.

The labeling indices of these cultures, as
measured after autoradiography, are shown
in Fig. 2. We show two experiments in
which the labeling index of the controls (no
treatment) is slightly different, but these
experiments have been repeated seven times
and the results are reproducible. With this
protocol, the labeling index of exponentially
growing control cells should remain roughly
constant, with time, as was observed (Fig.
2). Cells exposed to antisense oligodeoxynu-
cleotides had a markedly decreased labeling
index. The decrease began at 6 hours, and by
16 hours no labeled cells could be detected.
In cells exposed to sense oligodeoxynucleo-
tides the labeling index remained constant,
at about the same level of their controls.
Cells exposed to the sense oligodeoxynu-
cleotides had a decrease in the number of
autoradiographic grains per nucleus (20 to
30; the grains in the control could not be
counted), although the percentage of la-
beled cells remained the same as in controls.
The decrease is due, we believe, to the high
amounts of sense and antisense oligodeoxy-
nucleotides added to the cultures. It is con-
ceivable that the oligodeoxynucleotides are

SCIENCE, VOL. 240





