intact virus and/or the purified hemaggluti-
nin can now be used as a powerful tool for
the direct investigation of 9-O-acetylation in
intact cells and tissues.
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Regul

ation of bcl-2 Proto-Oncogene Expression

During Normal Human Lymphocyte Proliferation

JoHN C. REED, YOSHIHIDE TSUJIMOTO, JAMES D. ALPERS,
CARrRLO M. Crock, PETER C. NOWELL

The bel-2 and c-myc proto-oncogenes are brought into juxtaposition with the immuno-
globulin heavy chain locus in particular B-cell lymphomas, resulting in high levels of
constitutive accumulation of their messenger RNAs. Precisely how the products of the
bel-2 and c-myce genes contribute to tumorigenesis is unknown, but observations that c-
myc expression is rapidly induced in nonneoplastic lymphocytes upon stimulation of
proliferation raise the possibility that this proto-oncogene is involved in the control of
normal cellular growth. In addition to c-myc, the bcl-2 proto-oncogene also was
expressed in normal human B and T lymphocytes after stimulation with appropriate
mitogens. Comparison of the regulation of the expression of these proto-oncogenes
demonstrated marked differences and provided evidence that, in contrast to c-myc,
levels of bcl-2 messenger RNA are regulated primarily through transcriptional

mechanisms.

ONRANDOM CHROMOSOMAL TRANS-
locations are found in a variety of
leukemias and lymphomas, sug-
gesting that these specific genetic changes
impart a selective growth advantage. In
some cases these translocations involve a
known proto-oncogene and result in the
“activation” of the gene through alterations
cither in the regulation of its expression or
in its coding sequences (1). Perhaps the best
studied examples of translocations associat-
ed with a lymphoid neoplasm are those
involving the c-myc proto-oncogene in Bur-
kitt lymphoma, wherein the c-myc gene on
chromosome 8 becomes juxtaposed to se-
quences in the immunoglobulin heavy
[t(8;14)], x [t(2;8)], or N [t(8;22)] chain
loci. Translocations involving the c-myc gene
result in constitutive accumulation of high
levels of c-myc messenger RNA (mRNA)
through mechanisms that are poorly under-
stood but that probably involve enhancer-
like elements within the transcriptionally
active immunoglobulin loci in these B-cell
neoplasms (2).
In addition to translocations involving c-

§ JUNE 1987

myc on chromosome 8 in Burkitt lymphoma,
other B-cell neoplasms harbor translocations
involving immunoglobulin loci, such as the
t(11q13;14q32) found in a variety of acute
and chronic B lymphocytic leukemias and
the t(14q32;18q21) seen in most follicular
B-cell lymphomas (2). Although none of the
known proto-oncogenes appears directly in-
volved in these translocations, it has been
postulated that such genes may reside at
11q13 and 18q21 (termed bcl-1 and bcl-2,
respectively, for B-cell lymphoma/leukemia
1 and 2), and that they may become activat-
ed by analogy to the c-myc gene in Burkitt
lymphoma.

By means of chromosomal walking tech-
niques, the &cl-2 gene has recently been
cloned and sequenced (3, 4). The predicted
products of human &¢-2 appear to be 26-kD
(bcl-2-a) and 22-kD (bcl-2-B) proteins that
(1) differ in their carboxyl termini as a result
of alternative splice site selection; (ii) lack
transmembrane, leader, or kinase domains;
and (iii) share no significant homology with
other proteins whose sequences are known
(4). In all lymphomas with t(14q32;18q21)

thus far examined, the rearranged bcl-2 gene
is expressed at high levels and shows no
evidence of gross alterations in its coding
sequences (4, 5). Hence, aberrant expression
of the &cl-2 gene, rather than an abnormal
gene product, most likely accounts for any
selective growth advantage that the
t(14q32;18q21) may impart.

Given the possibility that expression of
the &cl-2 gene may contribute to the altered
growth characteristics of malignant lympho-
cytes harboring a t(14;18), we wondered
whether expression of this gene occurs dur-
ing normal lymphocyte proliferation. Sever-
al proto-oncogenes, including c-mye, be-
come expressed in normal lymphocytes after
stimulation with appropriate mitogens (6,
7). We therefore sought to determine
whether the &cl-2 gene is expressed in these
cells. Though oncogenic activity has yet to
be demonstrated for &cl-2, we henceforth
refer to the normal form of this gene as a
proto-oncogene.

Figure 1A shows Northern blot data de-
rived from human peripheral blood lympho-
cytes (PBL) that had been stimulated for
various times with the mitogenic lectin phy-
tohemagglutinin (PHA). Because levels of
ribosomal RNA (rRNA) increase in PBL
after stimulation with PHA, we compared
equal amounts of total cellular RNA rather
than RNA from equal numbers of cells.
Accumulation of 8.5- and 5.5-kb mRNAs
for &cl-2-o and of a less abundant 3.5-kb
mRNA for bcl-2-B rose from undetectable
to maximal levels within 6 to 14 hours after
stimulation of PBL with PHA. These three
mature transcripts result from alternative
polyadenylation and splice site selections
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(4). In contrast to &cl-2 mRNAs, accumula-
tion of a 2.4-kb c-myc mRNA began within
minutes of exposure of PBL to PHA, as
reported previously (6, 7). Increased expres-
sion of bel-2 and c-myc occurred prior to the
initiation of DNA synthesis in PHA-stimu-
lated PBL, since accumulation of histone
H3 mRNA did not become detectable until
24 hours after stimulation and peaked at 48
to 72 hours. Unlike #¢/-2 and c-myc, nRNA

for c-fjr was constitutively present in resting
PBL and was relatively unaffected by stimu-
lation with mitogenic lectin, indicating that
PHA specifically increases the expression of
some but not all proto-oncogenes in PBL.
The time courses of mMRNA accumulation
were similar in purified populations of B
cells and of T cells after stimulation with
appropriate mitogens for bcl-2, c-myc, and
H3 (Fig. 1B).

18 24 4818 24 48
c-mye c-mye [
/Ha3 /H3

Relative mRNA levels (%)

0
18 24 4818 24 48
Time after stimulation (hours)

c PHA

H3 :

cfgr muM s m ™

¥

B G 57 L 01824 01824
S¥V Vo VT RoSP
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Fig. 1. Measurement of steady-state levels of accumulated mRNAs in lymphocytes following
stimulation with mitogens. For (A) and (C), time is shown at the top or bottom (in hours); size is
shown at the side (in kilobases). (A) Human peripheral blood lymphocytes (PBL), isolated from whole
blood by Ficoll density gradient centrifugation, were cultured (2 x 10° per milliliter) in RPMI 1640
and 10% (v/v) fetal bovine serum (complete medium, CM) and stimulated for various times with
phytohemagglutinin at 1 pg/ml (PHA-P; Difco). (B) B and T lymphocytes, purified from freshly
excised human tonsils by two sequential rosettings with sheep erythrocytes, were cultured (10° per
milliliter) in CM and stimulated for various times with phorbol myristic acid (10 ng/ml; PMA) and
either 0.1% (v/v) Formalin-fixed Staphylococcus-A suspension (Pansorbin; Calbiochem) for B cells or
PHA-P (1 pg/ml) for T cells. Data are expressed relative to each maximum. (C) Preactivated T
lymphocytes, derived by stimulation of PBL for 3 days with PHA-P followed by 2 days of culture in
CM containing IL-2 (5 to 10 unit/ml) (8), were washed three times then incubated for 16 to 24 hours
in CM (2 x 10°® per milliliter) without mitogens or IL-2 to achieve quiescence. Cells were then
restimulated for various times with either PHA-P (1 pg/ml) or purified recombinant IL-2 (100 unit/ml;
Cetus) (14). RNA blotting was performed as described (7, 15). RNA blots were hybridized at high
. stringency with *?P-labeled DNA probes for bcl-2 (pBp-4.2; cDNA encoding all translated sequences
for bel-2-a), c-myc (pPRYC7.4; cDNA encoding second and third exons), histone H3, or c-fzr (840-bp
Sma I-Bam HI fragment from pV-fr-1700 specific for c-fyr—like sequences), washed, and exposed to
XAR film (Kodak) with intensifying screens for various times (4, 16—18). Data are representative of at
least three experiments; lanes were reordered for clarity of presentation. In (A), bcl-2 and c-fjr data were
derived from a single RNA blot, and c-myc and H3 data from another, by cluting the previous *2P-
labeled probe prior to rehybridization. Data in (B) were derived from a single blot by sequential
hybridization and elution of *?P-labeled probes and represent scanning densitometric quantification of
RNA blot data (LKB Ultrascan), wherein relative arcas under the tracings were expressed as a
percentage of the maximal value for each specific mRNA. (O, 8.5-kb &c/-2; @, 5.5-kb bcl-2; B, c-myc; O,
H3.) Data in (C) were derived from the same RNA blot.
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Because production of interleukin-2 (IL-
2) by PBL begins approximately 6 hours
after stimulation with PHA, we wondered
whether this growth factor contributes to
the induction of &el-2 expression. PBL were
activated with PHA for 3 days, grown in IL-
2 for 2 more days, and then incubated for 1
day in the absence of growth factor or
mitogen to achieve quiescence. In contrast
to primary cultures of PBL, these preactivat-
ed cells are >95% T lymphocytes, express
low levels of IL-2 receptors, and respond to
stimulation with either PHA or IL-2. Stim-
ulation of these preactivated T cells with
PHA or IL-2, at concentrations that yielded
equivalent proliferative responses (on the
basis of [*H]thymidine incorporation), re-
sulted in similar time courses of &¢l-2 and c-
myc mRNA accumulation with expression of
c-myc preceding that of &cl-2 (Fig. 1C). IL-
2, however, induced quantitatively more
accumulation of mRNAs for &cl-2 than did
PHA, whereas PHA stimulated greater in-
creases in the levels of c-myc mRNA than did
IL-2.

In contrast to cl-2 and c-myc, PHA and
IL-2 stimulated different time courses of
expression of another proto-oncogene, c-
myb, with peak levels of accumulated c-myb
mRNA occurring earlier in preactivated T
cells treated with IL-2 (1 to 8 hours) than in
cells exposed to PHA (=24 hours). Differ-
ent time courses of c-myb mRNA accumula-
tion result because IL-2 directly stimulates
c-myb expression, whereas PHA indirectly
induces its expression by stimulating endog-
enous IL-2 production (8).

By comparison to c-myb, therefore, both
PHA and IL-2 appear capable of directly
inducing accumulation of mRNAs for &cl-2
and c-myc. IL-2, however, is a more potent
inducer of bcl-2 expression in these cells than
is PHA. Consequently, the time course of
mRNA accumulation observed in PHA-
stimulated PBL (Fig. 1A) reflects the com-
bined effects of mitogenic lectin and of
endogenously produced IL-2 on the expres-
sion of the bel-2 and c-myc proto-oncogenes.

Previous investigations of the c-myc gene
in normal lymphocytes have suggested that
expression of this gene is controlled, at least
partially, by a labile inhibitory protein, since
treatment of resting cells with the protein
synthesis inhibitor cycloheximide (CHX) re-
sults in c-myc mRNA accumulation (6).
Inhibition of protein synthesis in PBL, and
in purified B and T cells, caused increased
accumulation of bcl-2 mRNAs (Fig. 2A).
The effects of CHX on bcl-2 mRNA levels
were probably specific, since addition of this
inhibitor diminished levels of c-fjr mRNA
and produced no change in the levels of
another mRNA, He7, which encodes an
unknown protein and is constitutively pre-
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sent in unstimulated lymphocytes (9). Treat-
ment of resting lymphocytes with CHX for
16 to 24 hours also induced marked in-
creases in the accumulation of c-myc mRNA
and slight elevations in the levels of B-actin
mRNA (Fig. 2A).

There were more rapid elevations in the
levels of c-myc mRNA than of 4cl-2 mRNA
in CHX-treated cells (Fig. 2B). Increased
accumulation of c-myc mRNA occurred
within 30 minutes after addition of CHX to
cultures, whereas elevations of 4c/-2 mRNAs
were not detected until 4 hours after cessa-
ton of protein synthesis. These findings
suggest that distinct proteins with different
degradation rates negatively regulate the
levels of &cl-2 and c-myc mRNAs in lympho-
cytes.

We then determined the degradation rates
of mature mRNAs for bcl-2, c-myc, and B-
actin in lectin-stimulated PBL in the pres-
ence or absence of CHX (Fig. 2C). The 8.5-
kb and 5.5-kb &cl-2 mRNAs had half-lives
(t12’s) of roughly 2.5 to 3.0 hours, which
increased to 3.5 to 4.5 hours in the presence
of CHX. Levels of the 3.5-kb &c/-2 mRNA
were too low for accurate measurement. The
ti2 of the 5.5-kb #c/-2 mRNA appeared to
be slightly longer than that of the 8.5-kb
message, but this may be an artifact attribut-
able to cross-hybridization of the *P-la-
beled bcl-2 complementary DNA (cDNA)
probe to 28§ rRNA. In contrast to &cl-2
mRNAs, the ¢y, of c-myc mRNA in lectin-
stimulated lymphocytes was considerably
shorter, measuring roughly 30 to 45 min-
utes in the absence of CHX and increasing
to approximately 1.3 to 1.5 hours in CHX-
treated cells. CHX thus decreased the rates
of degradation of both &c-2 and c-myc
mRNAEs in lectin-stimulated PBL. The per-
centage increase in mRNA half-life, howev-
er, was greater for c-myc (average =125%
increase) than for bcl-2 mRNAs (average
=35% increase). The CHX-induced stabili-
zation of &cl-2 and c-myc mRNAs appeared
to be specific, since levels of B-actin mRNA
were unaffected, at least over the 4-hour
period of these experiments.

The data in Fig. 2C suggested that in-
creased mRNA stability was not enough to
explain the CHX-induced accumulation of
bl-2 mRNAs. Because steady-state levels of
accumulated mRNAs (Figs. 1 and 2) reflect,
at least in part, the net effects of mRNA
synthesis and degradation, we next investi-
gated relative rates of bcl-2 gene transcrip-
tion by nuclear “run-off” assays (Fig. 3).
Stimulation of resting PBL induced rapid
increases in the rate of bcl-2 transcription,
beginning within 1 hour and reaching peak
levels approximately 6 hours after addition
of mitogens to cultures (Fig. 3A). Compari-
son of the kinetics of &cl-2 gene transcription
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with the time course of -2 mRNA accu-
mulation (Fig. 1A) revealed that bcl-2 tran-
scription precedes accumulation of mature
bel-2 mRNAs by a few hours. This delay
between the onset of transcription and the
accumulation of stable bc/-2 mRNAs may
reflect the time needed for processing of
primary transcripts of &cl-2 to mature 8.5-,
5.5-, and 3.5-kb mRNAs.

In contrast to the 15- to 20-fold increase
in bel-2 transcription (0.08 to 1.35 relative
transcription units) relative rates of c-meyc
proto-oncogene transcription increased only
three- to fourfold (0.10 to 0.35 relative
transcription units) after stimulation of PBL

PBL

bel-2 He7
B cells
~
¥ - 8.5
P —55

bel-2
T cells
~ + -+
=85
=55
e L —26
bel-2 c-fgr
B 013 8
bei-2 0%
+ —55
c-myc 0 — 24

He7 & & & & —15

(Fig. 3A). Given that steady-state levels of c-
myc mRNA rose 10- to 40-fold in mitogen-
stimulated lymphocytes (Fig. 1), these data
support previous reports indicating that c-
myc mRNA levels are regulated primarily by
post-transcriptional mechanisms (10). Tran-
scription of the He7 gene increased gradual-
ly after stimulation of PBL with mitogens
(Fig. 3A). Furthermore, transcription of the
genes for bcl-2, c-myc, and He7 was proba-
bly mediated by RNA polymerase II, since
addition of a-amanitin (2 wg/ml) to nuclear
“run-off” assays specifically inhibited the
transcription of these genes but did not
impair the RNA polymerase I-dependent

o

-
o
o

B

w
o
1

iy
o
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$ O

50

Relative mRNA levels (%)

S e

B-Actin
50 1

0 e A i
0 1 2 3 4
Time after actinomycin D (hours)

Fig. 2. Effects of cycloheximide (CHX) on bc-2 mRNA accumulation and stability in normal
lymphocytes. (A) Resting PBL, purified B cells (>90% OKB7+), and purified T cells (>90%
OKT3+) were cultured with (+) or without (—) CHX (15 to 20 pg/ml) (Sigma) for 16 to 24 hours
and relative levels of &c/-2 and other mRNAs analyzed by blotting (10 pg per lane) of total cellular
RNA. (B) Quiescent preactivated T cells were cultured for 0, 1, 3, or 5 hours with cycloheximide before
performing RNA blot analysis. (C) Degradation rates of &cl-2, c-myc, and B-actin mRNA were analyzed
in PBL that had been stimulated for 8 hours with PHA and PMA by addition of actinomycin D (5
ug/ml) to cultures and removal of aliquots of cells 0, 0.5, 1, 2, or 4 hours later for isolation of RNA.
The densitometric quantification of RNA blot data is shown (average of two experiments; standard
deviations =15%), relative to 0-hour mRNA levels (100%). Comparison is made between PBL either
treated (@) or not treated (O) with CHX 0.5 hours prior to blocking RNA synthesis with actinomycin
D. DNAs used as hybridization probes were pBp-4.2 (4cl-2), pRYC?7 .4 (my), purified Sma I-Bam HI
v-fgr fragment, pHe7 (control probe) (9), and pAl (B-actin) (19). Sizes are shown in kilobases.
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transcription of 285 rRNA genes in mito-
gen-stimulated PBL (Fig. 3E).

Investigation of the effects of CHX on
transcription of genes for &cl-2, c-mye, and
He?7 in resting PBL provided evidence that
bel-2 is negatively regulated at the transcrip-
tional level by a labile repressor protein.
Inhibition of protein synthesis in unstimu-
lated PBL produced a marked increase in the
relative rate of bcl-2 transcription, beginning
approximately 4 hours after addition of
CHX to cultures (Fig. 3B). In contrast,
levels of c-myc and He7 gene transcription
were unaltered by treatment of resting PBL
with CHX.

In addition, experiments in which CHX
was added to cultures of mitogen-stimulated
cells indicated that there may be a rapidly
inducible positive regulator of transcription.
Inhibition of protein synthesis in PBL pre-
vented the initial mitogen-induced increase
in bcl-2 transcription (Fig. 3A; 1 and 6

A

2.0 1

bel-2

c-myc

Relative transcription
=3

He7

Time after stimulation (hours)

hours). At later times (24 hours), however,
high relative rates of cl-2 transcription were
observed, presumably resulting from loss of
the putative short-lived repressor of bcl-2
transcription. Unlike its effects on &d-2,
CHX only minimally altered mitogen-in-
duced transcription of the c¢-myc and He7
genes in these experiments (Fig. 3A).

Though highly speculative, the finding
that bcl-2 transcription is dependent, at least
in part, on new protein synthesis raises the
intriguing possibility that the c-myc gene
product might be required for expression of
the &el-2 proto-oncogene in mitogen-stimu-
lated PBL. However, inhibition of IL-2
production also probably contributes to
these CHX-mediated reductions in bcl-2
transcription.

Although accumulation of mRNAs for
both &cl-2 and c-myc occurred in lympho-
cytes when stimulated to proliferate, investi-
gations of the mechanisms regulating the

B
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Fig. 3. Relative rates of &cl-2 transcription in PBL after treatment with mitogens or CHX. (A) PBL
were stimulated for 0, 1, 6, or 24 hours with 1 pg/ml PHA-P and PMA (10 ng/ml), in the absence
(solid lines) or presence (dashed lines) of CHX, before analyzing relative transcription rates in isolated
nuclei by nuclear “run-off” assays as described (20, 21). Shown is densitometric quantification of data,
averaged from two experiments (standard deviations <15%) expressed relative to levels of transcription
in unstimulated PBL. To correct for inequalities in the amounts of **P-labeled transcripts hybridized to
filters, values were expressed relative to levels of 28§ rRNA (Al probe) (22) after subtraction of
background hybridization (pBR322). (B) CHX was added to cultures of resting PBL and nuclei were
isolated after 0, 1, 4, or 6 hours for transcriptional analysis. Densitometric quantification of the data
(average of two experiments) was performed as in (A). Shown in (C) are typical autoradiograms from
experiments presented in (B) where @ , (I, and A correspond to &cl-2, c-myc, and He?7, respectively. (D)
Relative transcription rates of bcl-2 gene were compared in 380 acute lymphocytic leukemia cells and in
mitogen-stimulated PBL (4 hours). (E) Transcription assays were conducted in the presence (+AA) or
absence (—AA) of a-amanitin (2 pg/ml) comparing equal numbers (5 X 107) of nuclei obtained from

mitogen-stimulated PBL.
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increase in these proto-oncogene mRNAs
revealed striking differences. In contrast to c-
myc gene expression, which is subject to con-
siderable post-transcriptional regulation in
normal cells (10) (Fig. 3A), expression of the
bel-2 gene appeared to be controlled predomi-
nantly at the transcriptional level. [We ob-
served comparable (10- to 20-fold) mitogen-
induced increases in bd-2 mRNA accumula-
tion (Fig. 1A) and in &d-2 transcription (Fig.
2A) as measured by densitometry.]

Experiments with CHX demonstrated ad-
ditional differences in the regulation of the
bd-2 and c-myc genes and provided pre-
sumptive evidence for (i) an inducible stim-
ulator of #cl-2 transcription; (ii) a constitu-
tive repressor of bcl-2 transcription; and (iii)
CHX-sensitive proteins that destabilize or
degrade &cl-2 and c-myc mRNAs. Regula-
tion of the &cl-2 gene thus appears complex
but is not without precedent, since expres-
sion of histone genes is similarly regulated at
the transcriptional level by both stimulatory
and inhibitory factors, and at the post-
transcriptional level by a labile repressor
(11).

Further work will be needed to investi-
gate the possibilities of antisense transcrip-
tion and of blockage of transcript elonga-
tion, as has been recently described for c-myc
(12, 13). Furthermore, we cannot presently
exclude the possibility of regulation of bci-2
expression through additional mechanisms
such as RNA processing, transport, or trans-
lation.

It remains to be determined precisely how
the regulation of &cl-2 expression differs in
leukemic cells with a t(14;18) translocation.
We have not observed greater levels of &cl-2
gene transcription (Fig. 3D) or of &dl-2
mRNA accumulation in a lymphocytic leu-
kemia cell line (380) possessing this translo-
cation than in normal lymphocytes after
stimulation with mitogen. Thus, it is possi-
ble that deregulated continuous expression
of the bcl-2 gene, rather than the absolute
levels of transcripts, represents the major
difference in the control of this gene in
normal and neoplastic lymphocytes.
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Duplication of CaMV 35§ Promoter Sequencés
Creates a Strong Enhancer for Plant Genes

ROBERT KAy, * AMY CHAN, MARK DALY, JOAN MCPHERSON

A variant of the cauliflower mosaic virus 35S promoter with transcriptional activity
approximately tenfold higher than that of the natural promoter was constructed by
tandem duplication of 250 base pairs of upstream sequences. The duplicated region
also acted as a strong enhancer of heterologous promoters, increasing the activity of an
adjacent and divergently transcribed transferred DNA gene several hundredfold, and
to a lesser extent, that of another transferred DNA gene from a remote downstream
position. This optimized enhancer element should be very useful for obtaining high
levels of expression of foreign genes in transgenic plants.

ICOTYLEDONOUS PLANTS CAN BE

genetically transformed by the

transfer of DNA from Agrobacter-
ium tumefaciens through the mediation of
modified Ti plasmids (I—4). Genetic trans-
formation can be used to study the molecu-
lar details of plant biology and to create
plants with improved or novel characteris-
tics. For many of these purposes, high lev-
els of expression of the transferred genes
are necessary. Cauliflower mosaic virus
(CaMV) has a double-stranded DNA
genome within which two distinct promot-
ers, producing 198 and 35S transcripts, have
been identified (5, 6). The 35S promoter is
constitutively active in several different spe-
cies (7) and so has been used to express a
number of foreign genes in transgenic plants
(8-11). Correct initiation of transcription
from the 35§ promoter is dependent on
proximal sequences that include a TATA
element, whereas the rate of transcription is
determined by sequences that are dispersed
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over 300 bp of upstream DNA (7). We
sought to raise the efficiency of transcription
of the natural CaMV 35S promoter by
duplicating the transcription-activating se-
quences upstream of the TATA element
(Fig. 1). We also investigated the effect of
the CaMV 35§ upstream sequences on the
expression of several genes and showed that
both the natural and duplicated regions act
as transcriptional enhancers.

The natural and duplicated 358 promot-
ers were transferred to tobacco plants for
functional analysis by the use of intermedi-
ate vectors derived from pMON178. This
vector is a modification of pMON129 (12)
that contains a nopaline synthase (NOS)
gene; a chimeric neomycin phosphotransfer-
ase type II (NPTII) gene, which permits
selective growth of transformed plant tissue
in the presence of kanamycin; and an 1800-
bp fragment from the transferrable region of
an octopine-type Ti plasmid (Fig. 1). The
NPTII-encoding sequences of pMON178

are linked to a promoter that was derived
from the transferred DNA (T-DNA) NOS
gene. This promoter was excised and re-
placed by 35§ promoters with single or
double copies of the upstream region to
make the intermediate vectors pCKR1 or
pCKR2 as shown in Fig. 1.

The intermediate vectors were established
in A. tumefaciens by homologous recombi-
nation with resident copies of the disarmed
octopine-type Ti plasmid pTiB6S3-SE as
described previously (13). The recombinant
plasmids contain the octopine-type T-DNA
genes 5 and 7 (14) and the NPTII and NOS
genes of the intermediate vector, all of
which are flanked by right and left T-DNA
border sequences, which delineate the re-
gion of the Ti plasmid that will be integrated
into the genome of transformed plant cells
(Fig. 1).

Leaf disks of Nicotiana tabacum cv. Xanthi
H38 were infected with cultures of recombi-
nant A. tumefaciens and cultured in vitro as
described (13). Tobacco cells carrying stably
integrated copies of the NPTII gene and
associated DNA were selected by growth of
calli and subsequent shoot development in
the presence of kanamycin (300 pg/ml).
Individual shootlets were excised from the
transformed tissue and grown to a height of
40 to 60 cm prior to nucleic acid extraction
from several leaves (four per plant) at ap-
proximately the same stage of development.
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