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Inour daily life, we make plans and act based
on the motivation to reach a goal. During the
course of the activity, we continualy compare our
current status against our expectation for reach-
ing agod, with expectation increasing over the
course of the activity. Thisimpliesthat there are
neural signals underlying the increasing expecta-
tion.

We developed a task—a cued multitrial
reward schedule task—to control level of motiva
tion and investigate the degree of reward expect-
ancy. In thistask, monkeys can obtain rewards
only after aseries of trials had been correctly com-
pleted. When there was acueto indicate how many
correct performances were required for areward,
the monkeys made progressively fewer errors as
the rewarded trial approached, indicating that the
monkeys expectancy of an impending reward
grew. For several reasons we hypothesized that
the anterior cingulate of the medial frontal lobe
(Fig. @) isapromising site for neuronal signals
related to the degree of reward expectancy. We
recorded single neuronal activity from the ante-
rior cingulate while the monkey was performing
the schedule task and discovered that the single
neurons showed responsesthat were progressively
increasing through the schedules asthe reward ex-
pectancy increased (Fig. b, black line). Further-
more, the ordered neuronal response disappeared
when the cue sequence was given at random so

that the monkeys could not know how close their
rewards were (Fig. b, red dotted line).

The knowledge gained through the research
should contribute to uncovering the information
processing in the brain relating to human motiva
tion and plan-making. It should also lead to the
understanding and improvement of the symptoms
of those with obsessive-compulsive disorder and
drug abuse, conditions characterized by the dis-
turbances in motivation and reward expectancy.

A report of thisresearch appeared inthe May
3lissue of the Science.
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a. Brain map of Rhesus monkey. Left: Dorsal view of
whole brain. Right: Frontal section at the line indicated
in the left fig. The area of anterior cingulate from which
recording was done is shown by green shading.

b. Example of neuronal responses in the anterior cin-
gulate when 4 correct trials were necessary to obtain
rewards. black line: spike density plot of neuronal ac-
tivity when there was a cue to indicate the proximity to
the reward. red dotted line: spike density plot of the
neuronal activity when the cue sequence was random-
ized.
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A hyperthermophilic archaeon Pyrococcus
horikoshii wasisolated from ahydrotherma vent
in the Okinawa trough in the Pacific Ocean. It
optimally grows at around 100°C. The
hyperthermaophiles were expected to be good pro-
ducers of thermostable enzymes active a around
100°C. The thermostable enzymes have consid-
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erable industrial potentia by giving better yields
under extreme operational conditions, since the
enzymes show not only great stability but also en-
hanced activity in the presence of common pro-
tein denaturants such as heat, detergents, organic
solvents, and proteolytic enzymes.

Moreover, hyperthermophilic archaea are



