
the induction process. How osmotic 
shock blocks nuclear transfer is far from 
clear. Tetrahymena cells respond to a 
hyperosmotic shock in two stages (18): a 
quick shrinking lasting a few minutes, 
followed by a return to normal volume. 
The second phase (which takes about 1 
hour at room temperature) is accom- 
panied by an increase in the intracellular 
concentration of certain ions and small 
molecules (mainly amino acids), result- 
ing in an increase in the intracellular os- 
molarity, so that the cell regains its hy- 
perosmolarity to the medium. The de- 
tailed cellular and molecular mechanism 
involved in this osmoregulation has not 
been elucidated. Also unknown is the 
mechanism of reciprocal transfer of mi- 
gratory gametic nuclei across the partial- 
ly fused membrane separating the two 
conjugating cells (19). A variety of com- 
pounds that affect microtubule assembly 
also caused cytogamy in T. thermophila 
at concentrations far too low to cause os- 
motic shock (7). This suggests an essen- 
tial role for microtubules in the mecha- 
nism of gametic nuclear transfer. 

Conjugation among ciliates is a re- 
markable developmental program that 
determines, within a common cyto- 
plasm, the differential location, move- 
ment, expression, DNA replication, divi- 
sion, and ultimate fate of two (and later 
three) distinct types of nuclei. Further- 
more, this program possesses enough 
regulatory potential to bypass some of 
the major events, for example, nuclear 
exchange and establishment of new ma- 
cronuclei, without lethal consequences. 
The present work suggests the feasibility 
of exploiting experimental interference 
and genetic blocks to dissect the inter- 
esting cellular mechanisms involved. 
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Diabetes has been suggested to be the 
result of a "thrifty genotype rendered 
detrimental by progress" (1). In undevel- 
oped countries humans foraged for a lim- 
ited food supply and were subjected to 
periods of abundance alternating with 
periods of food deprivation and even 
famine. Those individuals (thrifty) with a 
predisposition to diabetes were able to 
utilize a limited food supply more effi- 
ciently and thereby maintained a selec- 
tive advantage when food was scarce. 
However, as such countries developed 
and the food supply increased, or as rep- 
resentatives of such selected cultures 
moved to more affluent societies and be- 
came urbanized, the thrifty genotype be- 
came a liability rather than an asset. In 
situations of affluence, hyperinsulinemia 
occurred, obesity developed, the insulin 
synthesizing and secreting capacity of 
the pancreas was stressed, and diabetes 
often ensued. Persistence of this thrifty 
genotype may have provided the surviv- 
al advantage that has allowed both the 
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successful establishment of species in- 
habiting warm and arid climates and the 
persistence of the diabetes genotype in 
animal and human populations despite 
strong negative selective pressures. 

The factors involved in conferring the 
thrifty genotype on diabetes-susceptible 
cultures are probably multiple and can- 
not be assessed readily in genetically di- 
verse populations. The varying degrees 
of diabetes susceptibility are probably 
the results of a variety of deleterious and 
even beneficial genes acting in con- 
junction with each other. The chance of 
getting diabetes by any mechanism 
would depend on the interaction of sev- 
eral deleterious genes with the entire 
genome. If the thrifty genotype concept 
is to have any validity, there should be 
some selective advantage to the hetero- 
zygote populations under reasonably af- 
fluent or typical living conditions. How- 
ever, no metabolic advantage of diabe- 
tes-like genes has been demonstrated for 
heterozygotes living in affluence, and it 
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Obesity Genes: Beneficial Effects in Heterozygous Mice 

Abstract. The mouse mutant genes obese (ob) and diabetes (db) cause similar 
obesity-diabetes states in homozygotes. These obesity syndromes are characterized 
by a more efficient conversion of food to lipid and, once stored, a slower rate of 
catabolism on fasting. Heterozygous mice, either ob/+ or db/+, survived a pro- 
longed fast significantly longer than normal homozygotes (+/+); this suggests that 
the heterozygotes exhibited increased metabolic efficiency, a feature normally asso- 
ciated with both homozygous mutants. The existence of this thriftiness trait, if mani- 
fested by heterozygous carriers in wild populations, would lend credence to the 
thrifty gene concept of diabetes. Beneficial effects of normally deleterious genes may 
have played a role in the development of diabetes-susceptible human populations, as 
well as having provided the survival advantage that has allowed both the develop- 
ment and successful establishment of species in desert and other less affluent re- 
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may be that the thrifty genotype has no 
advantage in normal situations but is on- 
ly maintained in the population because 
of continual mixing of the gene pools 
from mutants living in adverse circum- 
stances with those from normal popu- 
lations living in affluence. 

Heterozygotes are not identifiable in 
human populations but they are readily 
available in the various obesity-diabetes 
syndromes in mice (2, 3). At least five 
mutations are available for study. Their 
obvious obesity, ability to withstand pro- 
longed fasting (4), and tendency to gain 
weight and accumulate excess fat, even 
when pair-fed with normal controls (3, 5, 
6), suggest that many of these mutants fit 
the definition of thrifty. Since each syn- 
drome represents a separate mutation, 
each should have a different primary de- 
fect, possibly in different metabolic path- 
ways. Being able to deal with the effects 
of only one single gene, rather than the 
multiple actions of many genes inter- 
acting with a wide variety of host 
genomes, should simplify the attempt to 
define these thrifty mechanisms. This re- 
port demonstrates thrifty mechanisms in 
mice heterozygous for two specific dia- 
betes-producing genes, obese (ob) and 
diabetes (db). 

Male retired breeders (+/+) of the 
C57BL/6J (BL/6) and C57BL/KsJ (BL/ 
Ks) strains were obtained at 7 to 9 
months of age. Known heterozygotes for 
diabetes (db) or obese (ob) (BL/Ks dbl/+ 
or BL/6 ob/l+) mice were retired breed- 
ers of the same age. All of these mice 
were established as heterozygotes by 
their breeding records at Jackson Labo- 
ratory. A small number of BL/6 db/+ 
mice came from our research colony. 
These younger male mice were not re- 
tired breeders. This colony, like the BL/ 
Ks diabetes colony, is maintained with 
the closely linked coat-color recessive 
gene, misty (m), in repulsion on the op- 
posite chromosome from the diabetes 
mutation (3). Thus, heterozygotes are 
readily distinguishable, being thin and 
black (db +/+ m), from homozygous 
normals (+ m/+ m), being thin and gray. 
Other than this coat-color modification, 
mice homozygous for the misty gene are 
normal in all respects. Mice were housed 
individually and given free access to 
commercial mouse chow (96 W, Old 
Guilford Co., Guilford, Connecticut) and 
water for 1 week before initiation of total 
fast. Baseline measurements (body 
weight, liver glycogen, blood sugars, and 
plasma insulin concentrations) were de- 
termined as described (7) on representa- 
tive individuals during this acclimatiza- 
tion period. Some mice were killed at 
specific times throughout the fasting 
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Table 1. The effects of genotype on ability to 
survive fasting. Data are means ? standard 
error of mean; N, number of animals 

Starting Mean 

Strain Geno- body N survival 
type weight time 

(g) (days) 

BL/6 +/+ 36.7 + 0.7 32 10.8 ? 0.4 
BL/6 obl+ 36.6 + 0.6 29 12.2 +? 0.4* 
BL/6 +/+ 33.3 + 0.3 15 8.6 + 0.3 
BL/6 dbl+ 33.1 + 0.4 14 10.6 ? 0.4t 
BL/Ks +/+ 29.7 + 0.3 26 7.2 ? 0.3 
BL/Ks dbl+ 29.9 + 0.4 26 10.5 ? 0.3t 

*P < .05, Student's t-test. tP < .01. tP < .001. 

period to establish any differences in these 
measures for each genotype. The re- 
maining mice were weighed and sub- 
jected to a total fast with water freely 
available. These mice received no fur- 
ther treatment other than daily in- 
spection to determine survival time. 

Results of two separate experiments, 
one beginning in March 1978 and one in 
April, were similar, and the data were 
pooled for each genotype. No dif- 
ferences were evident between normal 
(+/ +) and heterozygous (obl + or db +) 
mice of either strain with respect to start- 
ing body weights, fed plasma insulin, 
blood sugar, or liver glycogen concentra- 
tions. A difference between strains in 
starting body weight was obvious; fed 
BL/Ks retired breeders seldom reached 
35 g, whereas those of the BL/6 strain 
were routinely 35 g or heavier. Mice 
of the larger BL/6 strains survived 
longer than those of the smaller BL/Ks 
strain. 

The survival time for ob/+ BL/6 mice 
was prolonged 1.4 days (P < .05) over 
that for homozygous normal BL/6 mice 
(Table 1). A significant increment in sur- 
vival time was also observed for db/+ 
BL/6 heterozygotes when compared to a 
group of weight-matched normal (+/+) 
mice. The similarity in prolongation of 
life-span (1.4 days for ob/+ and 2.0 days 
for db/+) in the BL/6 background sug- 
gests that both mutations confer about 
the same amount of thriftiness to the het- 
erozygotes. 

Similar results (Table 1) were obtained 
with dbl+ heterozygotes on the BL/Ks 
background except that the prolongation 
of life-span (3.3 days) when compared to 
normal mice was greater than for diabe- 
tes heterozygotes on the BL/6 back- 
ground even though body size was signif- 
icantly smaller than that of BL/6 mice. 
The extra increment in life-span in the 
BL/Ks dbl/+ heterozygotes may repre- 
sent a synergistic interaction of the mu- 
tant gene with the genetic background. 
Both genes, diabetes and obese, in the 

homozygous state cause severe diabetes 
on the BL/Ks background and only a se- 
vere obesity with little and only transient 
diabetes on the BL/6 background (8). 
The survival time of BL/Ks ob/+ hetero- 
zygotes has not been determined. 

These data demonstrate a possible 
beneficial effect in the heterozygous (car- 
rier) state of two different deleterious 
mutant genes, obese and diabetes, with 
respect to rate of depletion of food stores 
and ability to survive prolonged fasting. 
The metabolic changes involved in this 
more efficient utilization of food reserves 
have not been established. Most of the 
physiological parameters measured in 
these heterozygotes (both fed and after 
fasting) were no different than those in 
normal (+/+) homozygotes. Insulin, the 
hormone of the fed state, besides playing 
a fundamental role in maintaining ana- 
bolic processes (lipogenesis, glycogen- 
esis, or protein synthesis), is intimately 
involved in both of these diabetes and 
obese syndromes. Large increases in 
plasma-immunoreactive insulin are typi- 
cal of both obese or diabetes homo- 
zygotes. No significant increases were 
observed in these studies in hetero- 
zygotes of either genotype of both inbred 
strains. However, in earlier studies 
BL/K db/ + heterozygotes more than 2 
years of age (9) and noninbred obese 
obl + heterozygotes at 6 months of age 
(10) had increased plasma insulin con- 
centrations approaching twice normal. 
Although no increase was apparent in 
the present, the heterozygous condition 
may confer extra sensitivity to normal 
concentrations of insulin and thereby 
promote increased anabolism relative to 
that of normal mice. 

Although the effects of both obese and 
diabetes genes in the homozygote state 
have been extensively studied, the only 
abnormalities that have been observed in 
heterozygotes were those in plasma in- 
sulin concentrations and a report that fat 
pads from heterozygote obese (ob/+) 
mice oxidized glucose slower than those 
from normal mice but faster than those 
from homozygous mutants (11). This de- 
creased rate of glucose oxidation could 
contribute to the increased metabolic ef- 
ficiency observed in mutant and hetero- 
zygous mice. Both obese and diabetes 
mice have thermoregulatory defects (12). 
This failure of mutants to thermoregulate 
properly could result in conservation of 
energy normally used to maintain body 
temperature and thereby lead to in- 
creased metabolic efficiency. A partial 
manifestation of this defect by obese and 
diabetes heterozygotes could contribute 
to their prolonged survival. 

In most of the obesity-diabetes syn- 
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dromes, animals show an increased ca- 
pacity to convert even restricted 
amounts of food into lipid (3, 5, 6). Fur- 
ther, this food, once stored, is released 
much more slowly in the homozygous 
obese (oblob) or diabetes (db/db) mu- 
tants, which leads to greatly increased 
food efficiency and remarkable ability to 
withstand a fast (up to 40 days) (9). This 
report indicates that the heterozygous 
"normal" carriers have more efficient 
pathways of metabolism intermediate 
between those of homozygous mutant 
and the homozygous normal mice. This 
thriftiness trait, if manifested in wild 
populations, could provide the hetero- 
zygote with a selective advantage when 
food was scarce and yet not be dele- 
terious when food was abundant. The 
existence of this trait in mice hetero- 
zygous for one mutant allele for either of 
two obesity-diabetes syndromes lends 
credence to the thrifty genotype etiology 
of diabetes (1). 

Such mechanisms may have played a 
role both in the development of diabetes- 
susceptible human populations (various 
Indian and primitive cultures) and the 
persistence of diabetes susceptibility in 
the population despite negative selection 
pressures. The metabolic abnormalities 
controlling thriftiness should -be more 
amenable to analysis in genetically de- 
fined models where the effects of one 
gene can be studied rather than in geneti- 
cally ill-defined human populations where 
the interaction among many "thrifty" 
genes (both heterozygous and homo- 
zygous) may make interpretation im- 
possible. 

DOUGLAS L. COLEMAN 
Jackson Laboratory, 
Bar Harbor, Maine 04609 

References and Notes 

1. J. V. Neel, Am. J. Hum. Genet. 14, 353 (1962); 
D. L. Coleman, Nutr. Rev. 36, 129 (1978). 

2. L. Herberg and D. L. Coleman, Metabolism 26, 
59 (1977). 

3. D. L. Coleman, Diabetologia 14, 141 (1978). 
4. G. S. Cuendet, E. G. Loten, D. P. Cameron, A. 

E. Renold, E. B. Marliss, Am. J. Physiol. 228, 
276 (1975). 

5. L. G. Alonso and T. H. Maren, ibid. 183, 284 
(1955). 

6. J. E. Cox and T. L. Powley, J. Comp. Physiol. 
Psychol. 91, 347 (1977). 

7. D. L. Coleman and K. P. Hummel, Diabeto- 
logia 3, 238 (1969). 

8. K. P. Hummel, D. L. Coleman, P. W. Lane, 
Biochem. Genet. 7, 1 (1972); D. L. Coleman and 
K. P. Hummel, Diabetologia 9, 287 (1973). 

9. D. L. Coleman, unpublished data. 
10. P. R. Flatt, C. J. Bailey, T. W. Atkins, A. J. 

Matty, Diabetologia 13, 393 (1977). 
11. T. T. Yen, L. Lowry, J. Steinmetz, Biochem. 

Biophys. Res. Commun. 33, 883 (1968). 
12. P. Trayhurn and W. P. T. James, Pfleugers 

Arch. Gesamte Physiol. Menschen Tiere 373, 
189 (1978); T. T. Yen, R. W. Fuller, D. V. Pear- 

dromes, animals show an increased ca- 
pacity to convert even restricted 
amounts of food into lipid (3, 5, 6). Fur- 
ther, this food, once stored, is released 
much more slowly in the homozygous 
obese (oblob) or diabetes (db/db) mu- 
tants, which leads to greatly increased 
food efficiency and remarkable ability to 
withstand a fast (up to 40 days) (9). This 
report indicates that the heterozygous 
"normal" carriers have more efficient 
pathways of metabolism intermediate 
between those of homozygous mutant 
and the homozygous normal mice. This 
thriftiness trait, if manifested in wild 
populations, could provide the hetero- 
zygote with a selective advantage when 
food was scarce and yet not be dele- 
terious when food was abundant. The 
existence of this trait in mice hetero- 
zygous for one mutant allele for either of 
two obesity-diabetes syndromes lends 
credence to the thrifty genotype etiology 
of diabetes (1). 

Such mechanisms may have played a 
role both in the development of diabetes- 
susceptible human populations (various 
Indian and primitive cultures) and the 
persistence of diabetes susceptibility in 
the population despite negative selection 
pressures. The metabolic abnormalities 
controlling thriftiness should -be more 
amenable to analysis in genetically de- 
fined models where the effects of one 
gene can be studied rather than in geneti- 
cally ill-defined human populations where 
the interaction among many "thrifty" 
genes (both heterozygous and homo- 
zygous) may make interpretation im- 
possible. 

DOUGLAS L. COLEMAN 
Jackson Laboratory, 
Bar Harbor, Maine 04609 

References and Notes 

1. J. V. Neel, Am. J. Hum. Genet. 14, 353 (1962); 
D. L. Coleman, Nutr. Rev. 36, 129 (1978). 

2. L. Herberg and D. L. Coleman, Metabolism 26, 
59 (1977). 

3. D. L. Coleman, Diabetologia 14, 141 (1978). 
4. G. S. Cuendet, E. G. Loten, D. P. Cameron, A. 

E. Renold, E. B. Marliss, Am. J. Physiol. 228, 
276 (1975). 

5. L. G. Alonso and T. H. Maren, ibid. 183, 284 
(1955). 

6. J. E. Cox and T. L. Powley, J. Comp. Physiol. 
Psychol. 91, 347 (1977). 

7. D. L. Coleman and K. P. Hummel, Diabeto- 
logia 3, 238 (1969). 

8. K. P. Hummel, D. L. Coleman, P. W. Lane, 
Biochem. Genet. 7, 1 (1972); D. L. Coleman and 
K. P. Hummel, Diabetologia 9, 287 (1973). 

9. D. L. Coleman, unpublished data. 
10. P. R. Flatt, C. J. Bailey, T. W. Atkins, A. J. 

Matty, Diabetologia 13, 393 (1977). 
11. T. T. Yen, L. Lowry, J. Steinmetz, Biochem. 

Biophys. Res. Commun. 33, 883 (1968). 
12. P. Trayhurn and W. P. T. James, Pfleugers 

Arch. Gesamte Physiol. Menschen Tiere 373, 
189 (1978); T. T. Yen, R. W. Fuller, D. V. Pear- 
son, Comp. Biochem. Physiol. 49A, 377 (1974). 

13. Supported in part by NIH grants AM 14461 and 
AM 20725 and by a grant from the Juvenile Dia- 
betes Foundation. The Jackson Laboratory is 
fully accredited by the American Association of 
Laboratory Animal Care. 

5 July 1978; revised 22 September 1978 

SCIENCE, VOL. 203, 16 FEBRUARY 1979 

son, Comp. Biochem. Physiol. 49A, 377 (1974). 
13. Supported in part by NIH grants AM 14461 and 

AM 20725 and by a grant from the Juvenile Dia- 
betes Foundation. The Jackson Laboratory is 
fully accredited by the American Association of 
Laboratory Animal Care. 

5 July 1978; revised 22 September 1978 

SCIENCE, VOL. 203, 16 FEBRUARY 1979 

Electroencephalogram Correlates of Higher Cortical Functions 

Abstract. By means of two-stage, nonlinear multivariate pattern recognition, elec- 
troencephalograms (EEG's) were analyzed during performance of verbal and spatial 
tasks. Complex scalp distributions of 0-, /3-, and, to a lesser extent, a-band spectral 
intensities discriminated between the two members of a pair of tasks, such as writing 
sentences and Koh's block design. Small EEG asymmetries were probably attribut- 
able to limb movements and other uncontrolled noncognitive aspects of tasks. Signif- 
icant EEG differences between cognitive tasks were eliminated when controls for 
inter-task differences in efferent activity, stimulus characteristics, and performance- 
related factors were introduced. Each controlled task was associated with an ap- 
proximately 10 percent reduction, as compared with visual fixation, in the magnitude 
of a- and /3-band spectral intensity. This effect occurred bilaterally and was approxi- 
mately the same over occipital, parietal, and central regions, with some minor dif- 
ference over the frontal region in the t3 band. With these controls, no evidence for 
lateralization of different cognitive functions was found in the EEG. 
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For several years, researchers have 
reported correlations between inter- 
hemispheric asymmetries of ongoing 
brain electrical activity (EEG) and dif- 
ferences between "cognitive" tasks (1, 
2). These results have been interpreted 
to reflect the functional specialization (in 
right-handers) of the left and right cere- 
bral hemispheres, respectively, for se- 
quential-analytical (verbal-logical) and 
simultaneous-holistic (spatial) cognitive 
processes. Frequently, interhemispheric 
EEG a- band asymmetries were the only 
indices studied, the assumption being 
that such asymmetries were associated 
with the cognitive aspects of the tasks. 
In fact, it has never been established that 
asymmetries or other EEG features are 
directly related to cognitive activities. In 
addition to their cognitive differences, 
the tasks used in most of these studies 
have involved differences in stimulus 
characteristics, efferent activities (limb 
and eye movements), and performance- 
related factors (task demands and a sub- 
ject's ability and effort). These noncog- 
nitive factors, which are known to affect 
the EEG, have not been adequately con- 
trolled in previous experiments. 

Using two-stage, multivariate, non- 
linear pattern recognition, we have 
searched for sets of EEG features, in- 
cluding but not limited to asymmetries, 
which might discriminate between com- 
monly employed verbal-logical and spa- 
tial tasks (1, 2). Initially, several strongly 
discriminating features, not related to 
asymmetry, were found. While weak 
asymmetry effects were also found, it 
seemed likely that they were attributable 
to limb movements and other uncon- 
trolled noncognitive aspects of the tasks. 
When limb movement was not required 
during task performance, and when stim- 
ulus characteristics and performance-re- 
lated differences between tasks were rel- 
atively controlled, our analytical proce- 
dures did not uncover EEG patterns of 
any sort that could significantly distin- 
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guish between logical and spatial cogni- 
tive tasks. Each of the controlled tasks 
was associated with an approximately 10 
percent reduction, as compared with vi- 
sual fixation, in the magnitude of a- and 
/3-band spectral intensity. This effect oc- 
curred bilaterally and was approximately 
the same over occipital, parietal, and 
central regions with some minor dif- 
ference over the frontal region in the /3 
band. With these controls, asymmetry 
differences between the tasks were all 
but absent. 

The results reported here were derived 
from two experiments in which EEG's 
were recorded from normal, right-hand- 
ed (as assessed by questionnaire; sib- 
lings and parents were also right-handed) 
subjects while they performed batteries 
of randomly ordered cognitive and con- 
trol tasks. 

In the first experiment, 23 adults (18 
males and 5 females) performed two or 
three 1-minute trials of reading, writing a 
summary of the previously read material 
from memory, Koh's block design, men- 
tal paper folding (the reconstruction of a 
cube from a flat pattern), scribbling, un- 
directed block manipulation, and visual 
fixation on a spot (3). Reading and writ- 
ing from memory have previously been 
used as examples of verbal-logical tasks, 
and Koh's block design and mental pa- 
per folding as spatial tasks (1, 2). Scrib- 
bling, undirected block manipulation, 
and visual fixation served as control 
tasks. 

Experiment 2 was intended to separate 
possible EEG patterns associated with 
the cognitive aspects of tasks from those 
associated with efferent components, 
stimulus characteristics, and perform- 
ance-related factors, all of which are in- 
termixed in complex tasks such as those 
used in experiment 1. In this experiment, 
32 adults (23 males and 9 females) (4) 
each performed 30 trials of shorter, sim- 
plified tasks, including: (i) mental rota- 
tion of block structures, a spatial task; 
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