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Fig. 2. Electrophoretic mobility of 2565-
suf2 histidinol dehydrogenase. Standard,
pH 9.5, polyacrylamide gels were stained
for histidinol dehydrogenase. For this ex-
periment enzyme from 2565suf2 cells,
grown in 3 liters of E medium, was puri-
fied through the DEAE-Sephadex A-50
step by the standard procedure (II). Ap-
propriate genetic tests showed the cells to
be bona fide 2565suf2 genotypes, contain-
ing no detectable intragenic revertants. All
other samples used were crystalline prep-
arations. The samples are: A, wild type, 6
ung; B, 2565suf2, 300 ug; C, 497R56, 10
png. This enzyme lacks a glumatic acid
residue (Ino, Hartman, and Yourno, un-
published results) and is, therefore, slow-
er than wild type at pH 9.5; D, 3018R95, 6
ug. This enzyme lacks an arginine residue
(14) and is, therefore, faster than wild
type at pH 9.5. Normal mobility appears
in A, B,A4+B, A+ C,and A+ D; Cis
above this line and D is below.

the suppressor is a tRNA with a quad-
ruplet (41) anticodon or a (4 or —)
tRNA which is susceptible to slipping
along a repeated mRNA sequence (I,
6). This question can best be answered
by direct isolation and characterization
of the suppressor agent.

The accumulated data strongly sug-
gest that the suppressor reads the quad-
ruplet CCCU as proline in each case
(Fig. 1). If the overlapping quadruplets
JGA4, or ®GU® were read instead by
the suppressor as glutamic acid, the sup-
pressed 2565 enzyme would carry a
Val — Glu substitution and have greater
than normal electrophoretic mobility at
pH 9.5. The 3018 and 3749 mRNA’s
contain a 'GA codon in the (+) phase,
overlapping the (41) frameshift site.
Possibly a nearby chain-terminating
codon (UGA) plays some critical re-
phasing or rate-limiting role in suppres-
sion. However, the closest potential
chain-terminating codon in 2565 is
®(AG) (UAG) one codon removed
from the frameshift site. In each case
the quadruplet CCCU at the frameshift
site on mRNA is followed by a G
residue. Again it is not clear whether
this plays some role such as phasing in
suppression. Whatever the detailed
mechanism, the data indicate that the
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net effect of suppression is translation
of the quadruplet CCCU as proline.

About 1 percent of normal amounts
of histidinol dehydrogenase are restored
in each case by suppression. Yet about
5 percent more aminotransferase, prod-
uct of the following gene, hisC, is
produced in suppressed 3018 and 3749
strains (7). Suppressed 2565 strains do
not produce measurably greater amounts
of aminotransferase, which may there-
fore also be increased by 1 percent
(Table 2). We do not understand the
basis of this apparent hyperrelease from
polarity in suppressed 3749 and 3018.
On the assumption that the enzyme as-
says are reliable, the hyperrelease may
be due to reinitiation of mRNA read-
ing after the frame shift site, dependent
on the chain-terminating UGA codon
generated at that point.

In summary, our results suggest that
the quadruplet CCCVU is a sufficient if
not necessary condition for external
suppression of the 3018 class of frame-
shift. This is an exception to the triplet
genetic code (10). However, the data
do not rigorously define the specificity
limits of the 3018 suppressors. A re-
quirement for neighboring sequences,
particularly chain-terminating codons,
cannot be completely ruled out. Nor
is it certain that the suppressors are
absolutely specific for (+1) frame-
shifts in mRNA sequences of repeated
C residues. The study of frameshift
suppression is of considerable impor-
tance to further understanding of the
genetic code and its translation into
polypeptide structure.

JosEPH YOURNO, TADAHIKO KOHNO
Biology Department,
Brookhaven National Laboratory,
Upton, New York 11973
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Membrane Continuity between Plasmalemma and

Nuclear Envelope in Spermatogenic Cells of Blasia

Abstract. Ultrastructural study of liverwort antheridia showed that the spherical
nuclei of some late-stage androgonial cells lie close to or appressed to the cell walls.
In some cells the outer membrane of the nuclear envelope curves toward the wall
and continues without interruption around the cell periphery as the plasmalemma.
Subject to its confirmation as a natural occurrence, this evidence appears to sup-
port Robertson’s concept of cellular organization.

A modern, well-known concept of
general cellular organization in part
postulates continuity of the cytoplasmic
membrane system (Robertson, I). Ac-
cording to this view, the continuous
nature of nuclear envelope, endoplasmic

reticulum, and plasmalemma mem-
branes forms one or more open chan-
nels between the cell exterior and the
so-called perinuclear space within the
nuclear envelope. Such channels, even if
intermittent in appearance, would play
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important roles in both intra- and inter-
cellular transport of various materials.
Open passage to the cell exterior has
special significance in virus transmis-
sion, since it has been shown that cer-
tain newly synthesized viruses are re-
leased into the perinuclear space in
cells of both plant host and insect vec-
ter (2).

Although widely popularized, this
concept of cellular organization has
lacked direct supporting evidence. Mem-
brane continuity between nuclear enve-
lope and endoplasmic reticulum is a
familiar occurrence, but purported in-
stances of continuity between plasma-
lemma and endoplasmic reticulum have
tended to be morphologically ambiguous
(3). In certain secretory cells internal
extensions of plasmalemma are con-
tinuous with a system of membranous
tubules (4); however, the tubules have
not been shown in continuity with
endoplasmic reticulum. The work I now
report demonstrates continuity between
the outer membrane of the nuclear
envelope and the plasmalemma and
offers qualified evidence supporting
Robertson’s concept.

Blasia pusilla L. was examined during
an ultrastructural investigation of sper-
matogenesis in liverworts, a group of
primitive, haploid land plants. Male
specimens of healthy appearance were
dissected, and their antheridia were
fixed in buffered glutaraldehyde. After
further treatment in osmium tetroxide,
they were dehydrated in a graded eth-
anol series and embedded in Epon. Thin
sections stained with uranyl acetate
and basic lead citrate were examined
with an electron microscope (Hitachi
HU-11a).

In contrast to ordinary meristematic
tissue, the androgonial cells within
the antheridium become progressively
smaller with each succeeding cell dupli-
cation. A late-stage androgonial cell
characteristically has a prominent,
spherical nucleus and a reduced com-
plement of cytoplasmic organelles. Light
microscopy has shown that the relatively
large interphase nucleus usually occu-
pies a central position in the cell, al-
though occasionally it may lie very
close to or actually appressed to one
or more sides of the cell wall (5). An
electron micrograph of a cell whose
nucleus was situated in a parietal posi-
tion revealed that the outer membrane
of the nuclear envelope curved toward
the nearby wall and continued without
evident interruption as the plasma-
lemma (Fig. 1). The inner membrane
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of the nuclear envelope remained intact.
Membrane-bound vesicles, often strong-
ly resembling cytoplasmic ground sub-
stance, lie scattered between the nuclear
envelope’s inner membrane and the cell
wall. Other, similar vesicles appear to
lie in locally expanded regions in the
perinuclear space. The vesicles are
tentatively interpreted as cytoplasm
that has been isolated during the estab-
lishment of membrane continuity (6).
Production of cytoplasmic vesicles
and establishment of membrane con-
tinuity bear little resemblance to mem-
brane responses manifest through cellu-
lar injury (7). Although the possibility

Fig. 1. Ultrastructure of a late-stage androgonial cell of Blasia pusilla. Scale, 1.0 um.

exists that pathological or other factors
may have induced this condition, the
androgonial tissue appears to have been
healthy and free of preparative arti-
facts. Perhaps a more likely causal in-
fluence is the progressive increase in
ratio between nuclear and cytoplasmic
volumes, a change which reflects the
diminution in total cell volume and loss
of cytoplasm that are correlated with
spermatozoid development. If it can be
shown that this continuity of membrane
is a natural phenomenon of even spo-
radic occurrence in Blasia or other
comparable tissue, it can be interpreted
as supporting Robertson’s concept,

Section showing separation of nuclear envelope membranes, the outer membrane
continuous with the plasmalemma. CV, cytoplasmic vesicle; CW, cell wall; D, dictyo-

‘some; IM, inner membrane; M, mitochondrion; N, nucleus; NE, nuclear envelope;

OM, outer membrane; P, plastid; PM, piasmalemma; V/, vacuole.
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though in a somewhat extreme form.
He presumed narrow channel openings
to the cell exterior, while in Blasia the
nucleus is broadly “exposed.”

ZANE B. CAROTHERS
Department of Botany, University
of Hllinois, Urbana 61801
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Growth Retardation in Offspring of Female Rats
Treated with Morphine Prior to Conception

Abstract. Treatment of female rats with morphine sulfate for 5¥2 or 10 days,
prior to drug withdrawal for 5 days and subsequent mating, results in retarded
growth of offspring. The effect is not present at birth but appears at 3 to 4 weeks
of age. It occurs even though offspring are not exposed to morphine in utero or
postnatally. It is not eliminated by cross-fostering and is apparently of prenatal

origin.

Recent studies of tolerance to opiates
(1), and in particular the persistence of
tolerance to the analgesic effect 11
months after a single injection of mor-
phine (2), suggest that some trans-
ferable factor induced by morphine
treatment is involved in the develop-
ment of tolerance to narcotic analgesics
(2, 3). Results of passive transfer of
serum from tolerant to nontolerant ani-
mals, however, have been equivocal
(4. To further characterize this elusive
morphine factor, we sought to deter-
mine whether treatment of females with
morphine prior to conception affects
the responses of their offspring to opi-
ates (5). Since, in both tolerant and

nontolerant rats, total recovery of in-

jected morphine occurs by 48 hours
after the last injection (6), our animals
were not mated until 5 days after mor-
phine treatment was terminated.

In the course of this work we noted
a transient but significant depression in
body weight in the progeny of mor-
phine-treated females in comparison
with the body weight of offspring
of saline-treated mothers, although the
young had not been previously exposed
to the drug either in utero or after
birth. Growth retardation did not oc-
cur until after weaning at 25 days of
age and was no longer apparent by 8
weeks.

Ten Holtzman female rats were in-
jected subcutaneously for 515 days with
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increasing doses of morphine sulfate:
starting dose was a single 10 mg/kg
injection; thereafter rats received 15
mg/kg twice daily on days 2 to 5 and
22 mg/kg once on the final day of
treatment. Controls were similarly in-
jected with physiologic saline. Five days
after the last injection, the females were
mated with drug-free males. Neonates
were weighed at birth and weekly
thereafter. Mean body weights were
similar for the two groups of offspring
at birth and for the period up to wean-
ing. Figure 1 presents the results of a
typical experiment illustrating the body
weight changes in 4- to 7-week-old
progeny. “Experimental” refers to the
offspring of morphine-sulfate-injected
females; “control” signifies offspring of
saline-injected mothers. Each point rep-
resents mean body weight (in grams) of
13 to 27 rats. The decrease in growth
rate among offspring of morphine-
treated mothers appeared consistently in
similar studies with 28 breeder females,
although some variation occurred, in
individual experiments, between sexes
in both time of onset (4 to 5 weeks) and
extent of growth depression.

In addition, differences in viability
among female offspring were observed
between control and experimental
groups of offspring. Although such dif-
ferences were not evident prior to wean-
ing, the incidence of deaths among 4- to
7-week female offspring of drug-treated

mothers (29 percent) was significantly
higher than in the corresponding con-
trol group (3 percent; a chi-square test
gave a P <.01).

To assess the effect of an increase
in both the duration and extent of mor-
phine treatment of mothers, female rats
were injected with morphine sulfate or
saline twice daily for 10 days before
drug withdrawal and mating. Starting
dose was 10 mg/kg per injection; the
dose was increased daily, in 5 mg/kg
increments, to a maximum total daily
dose of 60 mg/kg on the fifth through
tenth day of treatment. Although there
were again no weight differences be-
tween groups at birth, growth retarda-
tion occurred prior to weaning in prog-
eny from mothers treated with higher
doses of the opiate (Fig. 2). There was
also a marked increase in deaths among
the pups of morphine-treated females
(62 percent), so that statistical analysis
of differences beyond 5 weeks of age
was not feasible.

To assess the role of postnatal in-
fluences on the observed growth effect,
cross-fostering experiments were per-
formed. As in the first experiment, ten
rats were treated for 52 days prior to
drug withdrawal and subsequent mat-
ing. At 1 to 3 days after birth, off-
spring of the two groups of females
were exchanged; progeny of morphine-
treated females were placed with sa-
line-injected foster mothers, and off-
spring of the control females were
placed with mothers which had pre-
viously received morphine. The neo-
nates remained with their foster moth-
ers until weaning. Although there is
some modification of the growth effect
among cross-fostered animals both in
time of onset and in sex differences,
the main effect of treatment is still evi-
dent and significant (Fig. 3). Weight

differences between progeny of treated

and control mothers remain and are
not eliminated by the cross-fostering
procedure. Since manipulation of in-
fant rodents has residual effects both
on behavior and on response to drugs
(7), the additional handling required by
the cross-fostering procedure itself may
have contributed to the differences ob-
served. An additional comparison, be-
tween nonfostered offspring of the
saline-injected mothers and similar con-
trol offspring cross-fostered to mor-
phine-treated foster mothers, revealed
no detrimental effect of nursing by the
morphine-treated mothers on growth of
the young.

It thus appears that postnatal effects,
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