
of which had been rotated around its own 
horizontal axis (see Fig. 1). The text all 
came from popular psychology sources 
[described in (3)]. On each of 7 days each 
of the six male readers read 14 pages of this 
inverted text, 7 pages from the set of pages 
read previously, and 7 from the same 
sources, but of material not read pre- 
viously. The order of pages was scrambled 
from reader to reader, with the proviso 
that the reread pages on each day sampled 
the range of page orders previously used. 
This proviso eliminated any differential 
bias in the results attributable to special 
practice. A single page in normal typo- 
graphic orientation was read at the begin- 
ning of each test session. The material was 
read aloud into a tape recorder and was 
timed with a stopwatch. 

Performance on the task of reading 
transformed typography aloud improves in 
a regular fashion, following the form of the 
standard learning curve (4). When the log- 
arithm of the time taken to read a page of 
text is plotted against the logarithm of the 
number of pages read, the data appear as 
straight lines (Fig. 2). From an initial 4 
minutes per page (the antilogarithm of 0.6) 
the readers improved to a terminal 1.7 
minutes per page, on the average. The rate 
of learning was less than that for the same 
subjects when they had been without prac- 
tice (3), but their initial reading speed in 
the present test, about 4 minutes per page, 
was considerably less than the 15 minutes 
first measured; that is, they revealed a 
marked savings of the skill acquired ear- 
lier. 

The difference between the times to read 
new pages and pages read earlier is shown 
by the different symbols associated with 
the learning curve for inverted typography. 
Many more strokes (new pages) appear 
above the least-squares line, and many 
more closed circles (repeated pages) ap- 
pear below it. (As the order of pages was 
scrambled from reader to reader, a partic- 
ular position in the order could be filled by 
an old page for one reader and a new page 
for another. Hence usually two observa- 
tions appear for each value of the abscissa, 
one for pages read for the first time and the 
other for reread pages.) 

Reading time was subjected to an analy- 
sis of variance that partitioned perform- 
ance into the learning component, a com- 
ponent that evaluated the difference be- 
tween pages read previously and pages 
read for the first time, and an error term. 
All of the readers revealed very large 
learning effects, as reported previously (3). 
In this experiment the difference in speed 
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One view of my results could be that the 
readers recognized the semantic content of 
the pages and that this recognition facili- 
tated speed of reading the text. Such a view 
was tested and found wanting in a study 
that compared the relative worth of se- 
mantic and pattern-analytic practice at 
reading (5). An alternative implicated here 
is that the skills involved in literacy are as- 
sociated with pattern-analyzing operations 
that are directed at the surface lexical fea- 
tures of text; the encoding operations that 
acquire these features for the reader are 
themselves modifiable; moreover, they are 
"remembered." The memory is seen in a 
general way in the learning curve, and spe- 
cifically in the differential performance on 
old and new pages (Fig. 2). This operation- 
al memory is to be distinguished from 
memory for the results of encodings, the 
semantic or other grammatical content of 
text that is the subject of most contempo- 
rary studies (1). Models directed only to an 
account of the semantic and syntactic rela- 
tions of text miss this crucial feature of 
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Rapid eye movement (REM) sleep is 
distinguished from non-REM sleep and 
wakefulness on psychological and physi- 
ological grounds. It is closely, although not 
exclusively, associated with dreaming (1). 
Unlike the other two states, REM sleep is 
characterized by the combination of tonic 
components [such as loss of muscle tone 
and low voltage, fast, desynchronized brain 
waves as seen on the electroencephalogram 
(EEG)] and phasic events [such as rapid 
eye movements, variability of autonomic 
functions, penile erections, and, in animals, 
monophasic sharp waves occurring in the 
pons, lateral geniculate body, and occipital 
cortex (ponto-geniculo-occipital, or PGO, 
spikes)]. 

Differing biochemical control mecha- 
nisms of the three states of consciousness 
have been proposed (2). Although most re- 
search has focused on the role of biogenic 
amines (particularly serotonin and 
norepinephrine), laboratory studies of ani- 
mals also suggest cholinergic modulation 
of REM sleep. The evidence is that (i) dur- 
ing REM sleep, increased amounts of ace- 
tylcholine are released from the neocortex 
(3) and caudate nucleus (4); (ii) REM sleep 
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performance and, hence, may overestimate 
the more conscious component of reading 
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is induced by application of carbachol (a 
cholinomimetic drug) and physostigmine 
to the brainstem area in normal cats (5) or 
cats with pontine sections (2); (iii) REM 
sleep is inhibited, and EEG synchro- 
nization is induced by administration of 
hemicholinium-3, an inhibitor of acetyl- 
choline synthesis (6), and by anticholiner- 
gic agents (7); and (iv) both tonic and 
phasic components of REM sleep are mod- 
ified by cholinergic influences. Behavior 
resembling catalepsy has been induced by 
focal injection of cholinergic agonists in 
the brain (8). Bursts of REM and PGO 
spikes, as well as phasic suppression of 
spinal reflexes, have also been reported 
with administration of physostigmine to 
decerebrate cats (9). 

In spite of these animal studies, few at- 
tempts have been made to demonstrate 
cholinergic mechanisms in human sleep. 
The anticholinergic agents scopolamine 
(10) and atropine (11) delay the onset and 
reduce the amount of REM sleep. Anti- 
cholinesterases, which enhance cholinergic 
activity, produce subjective reports of ex- 
cessive dreaming and nightmares (12). 
Moreover, EEG sleep records from per- 
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REM Sleep Induction by Physostigmine Infusion During Sleep 
Abstract. Physostigmine (an anticholinesterase agent that increases acetylcholine at 

the synapse), in a dose of 0.5 milligram, was given intravenously to seven normal human 
volunteers. When injected during rapid eye movement (REM) sleep, physostigmine woke 
the subjects, and when injected during non-REM sleep, it induced REM sleep. This 
result suggests that cholinergic mechanisms play a role in the induction of REM sleep 
and in modulating cortical arousal mechanisms. 
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sons previously exposed accidentally to or- 
ganophosphates (irreversible anticholin- 
esterases) indicate that REM periods are 
longer or occur sooner than is normal (13). 

We evaluated the effects of physostig- 
mine salicylate given intravenously during 
discrete stages of sleep in man. Physostig- 
mine is a reversible, short-lived anticholin- 
esterase agent that crosses the blood brain 
barrier, thereby increasing central as well 
as peripheral cholinergic actions (14). Sub- 
jects were paid, normal volunteers (five 
male, two female) between 20 and 29 years 
old (mean = 23.8). After one night of ad- 
aptation, subjects received one infusion per 
night, which was given either during the 
first non-REM sleep period (35 to 40 min- 
utes from the onset of stage 2 sleep) or at 
the onset of the first REM period. The in- 
fusions were physostigmine (0.5 mg in 10 
ml of 0.9N saline) or placebo (10 ml of 
0.9N saline); the order of physostigmine 
and placebo nights was random. An intra- 
venous catheter was inserted into a fore- 
arm vein and connected to a thin 10-foot (1 
foot = 0.3 meter) polyethylene tube that 
extended out of the subjects' rooms. A very 
slow 0.9N saline drip was maintained to 
ensure patency, and, at appropriate times, 
infusions were given over a 4-minute peri- 
od from outside the room. In order to 
block peripheral cholinergic effects in- 
duced by physostigmine (such as increased 
secretions, vomiting, and bronchocon- 
striction) subjects were given intra- 
muscular injections of rnethscopolamine 
bromide (0.5 mg) each night when they re- 
tired (about 11 p.m.). Methscopolamine is 
a peripheral anticholinergic agent that 
does not cross the blood brain barrier (14) 
and has no effect on human sleep (10). The 
EEG, electrooculogram, and elec- 
tromyogram were monitored. Other de- 
tails of intravenous infusion and human 
sleep study techniques have been described 
(15). All records were scored according to 
standard criteria (16) by a single investiga- 
tor who did not know the drug status of the 
subjects. Sleep stages during drug nights 
were compared to those during placebo 
nights by a paired t-test. 

After infusions during the first non- 
REM sleep period, REM sleep appeared 
significantly sooner with physostigmine 
(9.8 ? 2.6 minutes) than with placebo 
(59.0 ? 16.7; P < .02, two-tailed t-test) 
(Fig. 1). The REM latency (elapsed time 
from onset of stage 2 to first REM period) 
was significantly shorter with physostig- 
mine (48.1 ? 3.0) than with placebo 
(94.5 ? 16.9; P < .05, two-tailed t-test). 

There was no significant difference in ei- 
ther the length of the first REM period or 
the amount of eye movement activity dur- 
ing REM sleep (REM density, scored on a 
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(17). 
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of REM, subjects awoke sit 
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seven) (x2 = 4.98, d.f. = 1, P < .( 

over, physostigmine woke subj 
frequently when infused during I 
of seven) than during non-R] 
(none of seven) (x2 = 4.98, 
P < .05). These waking periods 1; 
10 to 50 minutes (mean = 26.5). 

Compared with the placebo, 
mine did not alter total REM s 
REM sleep, REM density, or c 
(stages 3 and 4) (19). When a h 
of physostigmine (1.0 mg) was in 
ing non-REM sleep, the subjects 
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having had dreams; one subje 
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the company of his grandfather and a girl. 
These data suggest that the onset of 

REM sleep is induced by cholinergic 
mechanisms in man; they confirm similar 

P< .05 animal studies. Moreover, our data are 
consistent with reports that cholinergic 
mechanisms are involved in cortical activa- 

90 tion and arousal (20). High doses of phy- 
sostigmine (1.0 mg) tended to wake sub- 
jects. A lower dose (0.5 mg) induced REM 

sion during when infused during non-REM sleep and 
Physostig- arousal when infused at the onset of REM. 

dministered 
t of stage 2 This is consistent with the hypothesis that 

mean. non-REM, REM, and "awake" states 
form a continuum of increasing levels of 
arousal (21). Cholinergic mechanisms may 

EM) when modulate cortical arousal and shift the lev- 
gmine was el of consciousness from non-REM to 
th placebo REM sleep and from REM sleep to wak- 
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EM sleep It is of clinical interest that short REM 
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asted from (23) and in narcolepsy (24). The REM-in- 

ducing effect of increasing functional ace- 
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cycle. 

Although most enzymes are synthesized 
discontinuously at a particular stage of the 

yeast cell cycle, examples of continuous 

synthesis have been reported (1, 2). Pre- 
vious methods that made it possible to ob- 
serve and investigate these patterns of 

changes in enzymes levels are based either 
on the use of synchronously growing cul- 
tures (2), or on gradient centrifugation of a 
random population of yeast (3). These 
methods provide only a close approxima- 
tion of events which occur at the single cell 
level. The present work is concerned with 
the measurement of the activity of f-D-ga- 
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lactis taken from a random population. 
The enzymatic activity of individual cells 
was determined under a microscope 
equipped for fluorogenic assays (4). Photo- 

graphs of the cells after measurements of 

enzymatic activity were used to obtain an 
index of the size of the cell buds and, from 
this information, to establish the stage of 
the growth cycle of individual yeast cells. 

Thus, it was possible to examine directly 
the correlation between levels of O-D-galac- 
tosidase in a given cell and stage of the 

growth cycle. 
Cells of S. lactis, strain Y-14 (5), were 

grown aerobically at 25?C in 0.2 percent 
succinate synthetic medium (3) supple- 
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grown aerobically at 25?C in 0.2 percent 
succinate synthetic medium (3) supple- 

mented with 2 percent lactose and har- 
vested during exponential growth. Cells 
were washed with 0.025M phosphate buf- 
fer (pH 7.2) containing 10-3M MnCI2 and 
then resuspended in the same buffer to a 
density of about 109 cells per milliliter. 

The assay of f-D-galactosidase in single 
cells was performed as follows. The cell 
suspension was treated with 0.2 volume of 
isoamyl alcohol at 0?C for 10 minutes with 
occasional shaking. The suspension was 
then diluted 1: 10 with 0.02M phosphate 
buffer, pH 7.2, and 0.05 ml was mixed with 
0.05 ml of 4 x 10-4M fluorescein-di-(3-D- 
galactopyranoside) (purchased from Nor- 
tok Associates, Lexington, Massachu- 
setts). The mixture then was dispersed into 
a microchamber filled with silicone oil [SF- 
96 (200) from General Electric] as previ- 
ously described (4). The time of mixing 
with the substrate was taken as the zero 
time for the enzymatic reaction. Immedi- 
ately after dispersion, the microchamber 
was centrifuged to increase the rate of set- 
tling of the microdroplets to the bottom of 
the slide. The microchamber was then 
placed on the stage of microscope equipped 
for quantitative measurements of single 
molecules of f-D-galactosidase by fluoro- 
genic methods (4). Microdroplets smaller 
than 100 nm containing a single yeast cell 
were selected for assay. The course of the 
enzymatic reaction in a given microdroplet 
was followed by recording the fluorescence 
every 60 seconds for at least 5 minutes. The 
fluorescence of droplets without cells was 
used as blank correction. 

At the end of the assay, two photographs 
were taken (Kodak Tri-X 35-mm film, 15- 
second exposure). One of the photographs 
was focused on the microdroplet and 
served to determine the diameter of the 
droplet. The other photograph, focused on 
the yeast cells, was used to measure the 
size of the bud. For this measurement, the 
photographs were enlarged tenfold and the 
cell images from the enlargements were 
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Fig. 1. (A) 3-D-Galactosidase activity of single S. lactis cells in three dif- 
ferent drops on the same slide, the activity of the budded cell in each drop 
was measured consecutively. A Zeiss Universal microscope equipped 
with a III-Z condenser was used. For photometry, the image from the ob- 
jective was diverted to the monocular tube of the microscope where an 
Aminco photomultiplier microphotometer equipped with shutter and 
Wratten No. 12 filter, to exclude exciting light, was installed. The area 
measured by the photomultiplier (RCA 1P21) was reduced to about 100- 
um diameter by placing a fixed pupil of 2-mm diameter near the point 
where the image of the object was focused. The amount of fluorescence 
was measured as the amperage recorded by the photomultiplier. (B) Ef- 
fect of pH on 3-D-galactosidase activity in single unbudded cells. The flu- 
orescence of fluorescein increased 10 percent from pH 7 to 8. 
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/-D-Galactosidase Activity in Single Yeast Cells During 
Cell Cycle of Saccharomyces lactis 

Abstract. Single Saccharomyces lactis cells taken from a random population were as- 

sayed for 3-D-galactosidase activity under a microscope equipped forfluorogenic mea- 
surements. The cells were also photographed, and enzymatic activity was correlated to 
the size of cell buds. A periodic pattern of enzyme synthesis was found during the cell 
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