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TIME (Time Interval Measuring Enzyme) is a novel enzyme, ATPase, that measure time
interval of diapause development. PIN is a peptide that regulates the time measurement
through its interaction with TIME. Present experiment was carried out to address the
mechanism by which TIME measures time interval from a view point of the interaction between
TIME and PIN. |

TIME and PIN were prepared from diapausing eggs and pupal ovaries of €108 (old) silkworm,
Bombyx mori L. by the method of Kai et al.. (1996, 1999). The ATPase activities vere
determined by the method of one-time integration assay with Malachite green colorimetfic
determination of liberated inorganic phosphate. The fluorescence anisotropy was measured
on a Beacon 2000 fluorescence pdlarization instrument (Pan Vera Corp.) at 4 °C and 25 °C
with a 488 nm excitation filter and a 520 nm emission filter. Anisotropy at each TIME
concentration was analyzed using the Beacon Data Manager and GraphPad PRISM software
provided with the instrument.

The termination of diapause requires cold for a fixed minimum duration during which some
physico-chemical development called diapause development completes before morphogenesis
can resume. The chilling period is depended upon the ages of eggs when the exposure to cold
is initiated. To determine the accurate period of chilling indispensably required for the

completion of the diapause development, eggs were chilled at 5 °C various days after
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oviposition and hatching larvae were counted every day until all hatching completed. The
diapause development elongated as the chilling-commencement delayed. Yet, eggs attained
the longest diapause development in 12 days after oviposition; no further elongation was
observed in chilling commenced later than 15 days after oviposition. The parallel
measurements of TIME-ATPase activities confirmed that.the transitory burst activation
occurred at a time equivalent to shortly before the completion of diapause development.
- The later the TIME was extracted from diapausing eggs, the later the timing of ATPase
activity appeared. Whereas TIMEs obtained from diapausing eggs later than 12 days after
oviposition exhibited the activity at the same latest time; no further delay was shown.
TIME appeared at different times under different conditions of eggs in relation to lengths
of diapause development. Interestingly, TIME was also obtained from pupal ovaries. The
younger the ovaries from which TIME was isolated, the earlier the transitory burst
activation of ATPase appeared, while no such timer activation of ATPase appeared in ovaries
earlier than 6 days after pupation. Hence, a straight descending line of ATPase appearing
tjmewasobservedwithagesthf§ughoutthestagesfromestablishmentofdiapausedevelopment
in eggs to ovarian development in pupae. To address the mechanism how TIME shows the activity
at different times, TIME was mixed with PIN. The longer TIME and PIN were mixed, the later
the time of ATPase activity appeared. The rate of delay was almost the same to that observed
in TIME of eggs. Since the timer mechanism is built into the protein conformation of TIME,
PIN may act on TIME to structure the timer conformation. The capacity of PIN to-bind with
TIME wés measured by fluorescence polarization. The binding interaction was much tighter
~(nearly 1000 times) at 25 °C than that at 4 °C. Because the 10gECs, (in nM) at 4 °C was about
7, PIN must dissociate from TIME at low temperatures at the physiological concentration
of TIME in eggs. Thus, TIME appears to be restructured into a time-measuring conformation
by PIN at the high temperatures of summer, whereas the TIME-PIN complex would dissociate
at the low temperatures of winter. This dissociation acts as the preliminéry cue for the
ATPase activity burst of TIME, which in turn causes the completion of diapause development
and initiates new developmental programs.

All the results mentioned above suggest that PIN would occur about 6 days after pupation
and then would keep act on TIME through pupal stages to laid eggs. During those periods’
of action, PIN would structure the timer conformation. The longer the PIN acts on TIME,
the longer the périod of diapause development was and the longest diapause development was
established in eggs 12 days after oviposition. It has become apparent that the interaction

between TIME and PIN plays a central role in the time measurement of the interval timer.
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