tecture of the membrane so that the poly-
peptide is released. In the second state,
found only in cataractous lenses, it is
presumed that the 43,000-dalton poly-
peptide has formed disulfide links with
putative crystallin polypeptides. Other
polypeptides such as the 9600-dalton
species and the components larger than
43,000 daltons are also observed in the
complex. In this state, the 43,000-dalton
polypeptide may act as a nucleation site
on the membrane for the formation of
these large aggregates. The individual
aggregates are probably composed of
units that are stabilized by disulfide link-
age and are associated with each other
by strong noncovalent forces. Some
noncovalently linked individual poly-
peptides may also be trapped in the ma-
trix of the aggregate. An intermediate
stage in which the aggregate is held pri-
marily by noncovalent linkage is not
shown. This intermediate condition re-
flects the situation observed in older nor-
mal lenses where aggregates with similar
polypeptide composition are observed
but are not disulfide linked.

The model does not attempt to be all-
inclusive. No definition is presented of
the heterogeneous streaky component of
peak 1 (Fig. 1) and its association with
20,000-dalton components. It is not
known whether such aggregates are as-
sociated with the membrane. Other
membrane components may also be in-
volved as interaction sites with soluble
lens proteins. The model does not con-
sider other insoluble components, some
of which are probably not membrane
bound.

This model would explain earlier re-
ports of strong association of alpha-crys-
tallin with the cell membrane (24). Fur-
ther support also comes from measure-
ments of Bragg diffraction of laser light
caused by large fluctuation in the index
of refraction (25). The evidence indicates
that the amplitude of the change in the
index of refraction increases with cata-
ract formation. The scatter elements
have the same periodicity as the lens fi-
ber cell membranes.

ABRAHAM SPECTOR
MARGARET H. GARNER
WiLLiaM H. GARNER
DeBDUTTA ROY
Biochemistry and Molecular Biology
Laboratory, Department of
Ophthalmology, College of
Physicians and Surgeons,
Columbia University, New York 10032
PaTRICIA FARNSWORTH
SUSAN SHYNE
Department of Physiology and
Ophthalmology, New Jersey College of
Medicine and Dentistry, Newark 07103

1326

References and Notes

1. A. Spector, T. Freund, L.-K. Li, R. C. Augus-
teyn, Invest. Ophthalmol. 10, 677 (1971).

. G. B. Benedek, Appl. Opt. 10, 459 (1971).

. A. Spector, Is. J. Med. Sci. 8, 1577 (1972).

. J. Jedziniak, J. H. Kinoshita, E. M. Yates, L. O.
Hocken, G. B. Benedek, Exp. Eye Res. 15, 185
(1973).

. K. N. Liem-The and J. H. Hoenders, ibid. 18,
143 (1974).

6. A. Spector, J. Stauffer, J. Sigelman, Ciba

Found. Symp. 19, 185 (1973); A. Spector, S. Li,
J. Sigelman, Invest. Ophthalmol. 13, 795 (1974);
J. Jedziniak, J. H. Kinoshita, E. M. Yates, G. B.
Benedek, Exp. Eye Res. 20, 367 (1975); F. J.
Giblin, B. Chakrapani, V. N. Reddy, ibid. 26,
507 (1978).

7. R. Clark, S. Zigman, S. Lerman, Exp. Eye Res.
8, 172 (1969).

8. D. Roy and A. Spector, ibid. 26, 429 (1978) (dis-
cussion of soluble and insoluble lens proteins).

. ., ibid. 1, 164 (1976).

10. A. Spector and D. Roy, Proc. Natl. Acad. Sci.
U.S.A. 75, 3244 (1978).

11. D. Roy and A. Spector, Exp. Eye Res. 26, 445
(1978).

12. W. H. Garner, M. H. Garner, A. Spector, ibid.,
in press.

13. H. Harboe and A. Ingild, Quantitative Immuno-
electrophoresis, N. H. Axelson, J. Kroll, B.
Week, Eds. (Universitetsforlaget, Oslo, 1975),
pp. 161-164.

14. W. Becker, Immunochemistry 6, 539 (1969).

15. W. H. Garner and A. Spector, Doc. Ophthal-
mol. 18, 91 (1979).

16. O. Ouchterlony and L.-A. Nilsson, Handbook
of Experimental Immunology, D. M. Weis, Ed.
(Blackwell, Oxford, 1978), pp. 1917-1944.

H W

w

Rhythms in Human Performance:

17. M. Elzinga and R. C. Lu, Contractile Systems in
Normal Muscle Tissues, S. V. Perry, A. Mar-
greth, R. S. Adelstein, Eds. (Elsevier/North-
Holland, Amsterdam, 1976), pp. 29-37.

18. P. R. Waggoner and H. Maisel, Exp. Eye Res.
27, 151 (1978); P. R. Waggoner, N. Lieska, J.
Alcala, H. Maisel, Ophthalmol. Res. 8, 292
(1976).

19. L. T. Chylack, Arch. Ophthalmol. 96, 888
(1978).

20. P. N. Farnsworth, S. C. J. Fu, P. A. Burke, 1.
Bahia, Invest. Ophthalmol. 13, 274 (1974).

21. A. Ikeda and J. Zwaan, ibid. 5, 404 (1966); Dev.
Biol. 15, 348 (1967); J. Zwaan, and A. Ikeda,
Exp. Eye Res. 7, 301 (1968).

22. M. K. Mostafapour and V. N. Reddy, Doc.
Ophthalmol. 46, 193 (1978).

23. W. H. Garner and A. Spector, Proc. Natl.
Acad. Sci. U.S.A. 75, 3618 (1978).

24. P. G. Bracchi, F. Carta, P. Fasella, G. Maraini,
Exp. Eye Res. 12, 151 (1971).

25. G. Benedek, J. Clark, E. W. Serrallach, C. Y.
Young, L. Mengell, T. Sauke, A. Bragg, K.
Benedek, Philos. Trans. R. Soc. London, in
press.

26. H. B. F. Dixon and R. N. Perham, Biochem. J.
109, 312 (1968).

27. K. Weber and M. Osborn, J. Biol. Chem. 244,
4406 (1969).

28. O. U. Blumenfeld and B. Zvilichovsky, Meth-
ods Enzymol. 28, 245 (1972).

29. We thank C. Huang, G. Jenkins, and S. Lerman
for technical assistance, and R. von Muchow for
photographic assistance. Supported by grants
from the National Eye Institute, National Insti-
tutes of Health. This investigation is part of the
Cooperative Cataract Research Group effort.

22 November 1978; revised 15 March 1979

1'/2- Hour Oscillations in Cognitive Style

Abstract. Performance on verbal and spatial matching tasks was assessed every
15 minutes for 8 hours. Significant 90- to 100-minute oscillations were observed for
each task. These oscillations were 180° out of phase, supporting the hypothesis that
in humans the basic rest activity cycle involves alternating activation of processing
systems residing in the two cerebral hemispheres.

In the 1950’s Kleitman and his col-
leagues (/) demonstrated that the sleep
phase of the sleep-wakefulness cycle is
not uniform, as had been thought, but
rather is characterized by an ultradian (2)
rhythm with striking variations in many
behavioral and physiological functions.
The two phases of this rhythm—which
differ in electroencephalogram (EEG)
pattern, heart and respiration rate, and
muscle tone—are referred to as rapid-
eye-movement (REM) sleep and non-
rapid-eye-movement (NREM) sleep
because transient eye movements occur
during one phase but not during the
other (3). In the human adult, a full
cycle (period) of REM/NREM alterna-
tion lasts approximately 80 to 120 min-
utes. Kleitman (4) subsequently pro-
posed that the alternation between REM
and NREM sleep is one expression of a
phylogenetically old basic rest activity
cycle (BRAC), which continues through-
out the day and on which the sleep-
wakefulness cycle is superimposed. Many
studies have since supported this pro-
posal, although the choice of the terms

0036-8075/79/0622-1326$00.50/0 Copyright © 1979 AAAS

“‘rest’” and ‘‘activity’’ to describe the
alternate phases has been questioned (5).

It has recently been hypothesized that
the REM/NREM rhythm and its contin-
uation during wakefulness (the BRAC)
involves an alternation in the relative ef-
ficiency or activation of the two cerebral
hemispheres (6, 7). Broughton (7) cites
the following evidence in support of this
hypothesis: (i) the subjective qualities of
dreams reported on wakening from REM
and NREM sleep differ radically with
vividly visual dreams of an illogical na-
ture reported following REM sleep
awakenings and less vivid, more
thoughtlike and rational dreams reported
after NREM sleep awakenings (8); (ii)
the right cerebral hemisphere shows
greater EEG desynchronization than the
left during REM sleep (9); (iii) 90- to 110-
minute rhythms during wakefulness have
been reported for a variety of measures,
including oral behavior (/0), the magni-
tude of the spiral aftereffect (/7), heart
rate (12), vigilance performance (/3), and
the fantasy content of day dreams (/4);
(iv) some of these rhythms may be in
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phase with the nighttime alternation be-
tween REM and NREM sleep (/5); and
(v) in most right-handed people, the two
cerebral hemispheres have asymmetric
cognitive abilities, with the right hemi-
sphere specializing in visual-spatial,
wholistic, nonlogical processes, and the
left hemisphere specializing in verbal-lin-
guistic, analytic, and logical processes
(I6). Taken together these findings sug-
gest that the relative efficiency of the
spatial-wholistic right hemisphere may
be high during REM sleep and its corre-
sponding waking phase, whereas that of
the verbal-analytic left hemisphere may
be high during NREM sleep and its cor-
responding waking phase. In this report
we describe a study of daytime perform-
ance on verbal and spatial tasks that
strongly supports this cyclic alternation
hypothesis.

The basic strategy was to test a group
of subjects frequently over an 8-hour pe-
riod on two tasks, one predominantly
verbal, the other predominantly spatial.
If the hypothesis is correct, performance
on each task ought to reveal rhythmic os-
cillations with a period of approximately
80 to 120 minutes, and equivalent phases
of the two rhythms should be separated
by one-half cycle (180°).

We chose two simultaneous matching
tasks which, on the basis of the literature
on hemispheric specialization, ought to
be performed asymmetrically by the two
hemispheres (/7). In the verbal task, the
subject had to decide whether pairs of
letters (one uppercase, one lowercase)
had the same name. In the spatial task
the subject had to decide whether pairs
of seven-dot random patterns were ex-
actly identical. We developed paper-and-
pencil versions of the two tasks (/8) in
which the subject recorded same/dif-
ferent choices by crossing out S’s and
D’s located between the two members of
each pair. We tested eight young adult
volunteers (18 to 24 years; five female,
three male) who were right-handed and
had no left-handed parents or siblings.

All eight subjects were tested on the
same day in a group testing room. On the
desk before each subject were two book-
lets, one for each task. They were told to
make their same/different choices as
quickly as possible without making er-
rors and were given practice at each
task. Starting at 9:00 a.m. performance
on each task was tested for 3 minutes
every 15 minutes over the 8-hour period.
Lunch was from 12:30 to 1:00 p.m.; sub-
jects were not permitted to talk to one
another, but were allowed to read, doo-
dle, walk around, and so forth between
test trials (/9).

The dependent variable used was the
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Fig. 1. Mean root power as a function of frequency shown separately for spatial (A) and verbal
(B) performance. Power spectral peaks that are significantly larger than one would expect by
chance [P < .01 on two tests (2/)] are shaded and marked by the corresponding period. (C)
Each mark on the outer circle represents the phase difference between the two tasks for each
subject. The direction of the averaged resultant vector (arrow) indicates the average phase
difference; its amplitude is significant at the .01 level (inner circle) (22). (D) Mean verbal (solid
line) and spatial (dashed line) performance as a function of time. The performance oscillations
were synchronized and averaged across the eight subjects (23). The average standard errors of
the means were .24 and .31 Z units for the verbal and spatial tasks, respectively.

number of pairs correctly matched on
each task in each 3-minute test period.
Since the error rate was low (1.6 per-
cent), the scores reflect the rate at which
subjects could accurately perform the
matching tasks. Average performance
was 182 correct verbal pairs and 115 cor-
rect spatial pairs in a 3-minute test peri-
od. For each subject the 32 scores for
each task were normalized (converted to
Z scores) and subjected to Fourier analy-
sis (20). Power spectral peaks centered
at 4 hours, 96 minutes, and 37 minutes
(Fig. 1, A and B) were significantly larger
than one would expect by chance
(P < .01 for each of two analyses) (21).
Although this analysis suggests that per-
formance may be affected by multiply
nested rhythms, in this short report our
emphasis is confined to the approximate-
ly 96-minute oscillation that is in the fre-
quency range of the BRAC. Verbal and
spatial performance maintained a con-
sistent phase relationship across subjects
[Rayleigh test (22), P < .01], and the two
oscillations were, as predicted, approxi-
mately 180° out of phase (Fig. 1C).

For purposes of graphic illustration,
each subject’s data were smoothed and
then shifted so that the approximately
96-minute cyclic alternations would be in
phase across subjects (23). The average
performance oscillations and their recip-

rocal relationship can be seen clearly in
Fig. 1D. To appreciate the magnitude of
the performance fluctuations, consider,
for example, that the first upswing in ver-
bal performance represents an improve-
ment from roughly 165 to 215 correct
matches in 3 minutes, while the simulta-
neous downswing in spatial performance
is from about 125 to 108 correct matches.
In summary, we have found that day-
time performance on verbal and spatial
matching tasks fluctuates cyclically with
a 90- to 100-minute period and that in-
creases in performance on one task are
accompanied by decreases on the other.
This finding is consistent with the hy-
pothesis that in humans the BRAC is
characterized by oscillations in the rela-
tive activation or efficiency of the two
cerebral hemispheres, which are special-
ized for the performance of verbal and
spatial tasks (24). The scientist or diag-
nostician should be alert to the possi-
bility that rhythmic changes in cognitive
style may contaminate measures of per-
formance on tasks that are processed
asymmetrically by the two cerebral hem-
ispheres.
RaymMonD KLEIN
ROSEANNE ARMITAGE
Department of Psychology,
Dalhousie University, Halifax,
Nova Scotia, Canada B3H 4J1
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Trace Chemicals: The Essence of Sexual Communication

Systems in Heliothis Species

Abstract. Analysis of heptane-soluble compounds from ovipositors of Heliothis
zea and Heliothis virescens shows that both species produce relatively large
amounts of (Z)-11-hexadecenal, with traces of (Z)-9-hexadecenal, (Z)-7-hex-
adecenal, and hexadecanal. Heliothis virescens females differ from Heliothis zea in
that they also produce trace amounts of tetradecanal, (Z7)-9-tetradecenal, and (Z)-11-
hexadecen-1-ol. In both species, trace compounds are essential to pheromonal activ-

ity and specificity of chemical signals.

The moths of Heliothis zea (Boddie)
and H. virescens (F.) are among the most
devastating pest insects of American ag-
riculture. The species infest a wide range
of crops, including cotton, corn, soy-
beans, sorghum, peanuts, tobacco, to-
matoes, cabbage, and lettuce. We report
the identification of trace chemicals that

heretofore have gone undetected in fe-
males of these pests and show that the
newly discovered compounds are essen-
tial elements in the chemical signaling
systems of these species.

The sex pheromones of H. zea and H.
virescens have been studied by others
(I4). Females of H. zea have been

Table 1. Percentage composition of heptane washes from seven Heliothis zea and six H. vires-
cens female ovipositors determined by capillary chromatographic analysis. Mean values and the
range (in parentheses) of analytical values are shown.

X percentage (range)

Component

H.zea

H.virescens

(Z)-7-Hexadecenal
(Z)-9-Hexadecenal
(Z)-11-Hexadecenal
Hexadecanal
(Z)-9-Tetradecenal
Tetradecanal
(Z)-11-Hexadecen-1-ol

1.1( 0.4t0 1.9
1.7( 1.1to 2.4)
92.4(89.81t095.7)
4.4(18t0 7.1)

1.0( 0.1to 1.56)
1.3(03to 2.34)
81.4(76.8t091.1)
9.5( 3.0t019.0)
20(0.7to0 3.1
1.6 ( 0.7to 2.7)
32(09to0 4.5

Table 2. Responses of male Heliothis zea and H. virescens to synthetic compounds and to virgin
females of the respective species (8). Means followed by the same letter are not statistically
different from each other according to Duncan’s multiple range test (P = .05).

Stimulus in trap

Males per trap per night

H. zea H.virescens

Test 1
115.5 ug of (Z)-11-hexadecenal 03b 0
133.6 ug of mixture A* 11.7a 0
Heliothis zea (four females) 12.0a 0

Test 2
115.5 ug of (Z)-11-hexadecenal + 0 7.8¢c

6.9 ug of (Z)-9-tetradecenal

151.8 ug of mixture B* 0 38.1a
Heliothis virescens (four females) 0 21.7b

*Mixture A consisted of 2.6 ug of (Z)-7-hexadecenal, 4.5 ug of (Z)-9-hexadecenal, 11.0 ug of hexadecanal,
and 115.5 ug of (Z)-11-hexadecenal. Mixture B contained the same chemicals plus 6.9 ug of (Z)-9-tetradecen-
al, 2.3 ug of tetradecanal, and 9.0 ug of (Z)-11-hexadecen-1-ol.
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