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bution of this enzyme to the ferricytochrome c¢ reduction
may be neglected.

It has been shown that covalent reagents such as NEM and
PCMBS alter red cell membrane permeability through
binding to membrane sulfhydryl groups®. It is not likely,
however, that these sulfhydryl groups are involved in the
reduction of ferricytochrome ¢, because the reduction rate
was not altered in the presence of these reagents. Misra and
Fridovich® showed that the superoxide anion, which is
capable of reducing ferricytochrome c, is generated during
autoxidation of hemoglobin. It seems that this anion does
not participate in the reduction of extracellular ferricyto-
chrome c, since the reduction mode was not altered in the
presence of superoxide dismutase. Judging from the present
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results, it may be possible to say that the ferricytochrome ¢
reducing systems are located on or exposed at the outer
surface of the red cell membrane, though the characteriza-
tion of the reducing systems must await further ex-
periments.
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Age correlated changes in midgut protease activity of the honeybee, Apis mellifera (Hymenoptera: Apidae)
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Summary. Forager (older) worker honeybees typically have lower midgut activity levels of chymotrypsin and trypsin than
do house (younger) worker honeybees. A relation between the age correlated enzymic change and an age correlated

decrease in pollen consumption is not clearly demonstrable.

We have previously reported that pollens collected by bees
possess enzymic activities appropriate for protein diges-
tion!. The well known age correlated changes in behaviour
of the honeybee? offer an opportunity to further investigate
the possible physiological roles of these pollen enzymes.
Newly emerged and intermediate aged individuals largely
confine their activities to the hive interior; older bees
forage outside the hive. Pollen eating is pursued by younger
and intermediate aged individuals®. DeGroot* demonstrat-
ed that both young and old worker bees can digest protein,

but he also demonstrated that older bees are lower in total
body nitrogen content and lower in weight than are youn-
ger bees. We report here quantitative differences in diges-
tive enzyme activity in 2 age correlated samples of honey-
bee workers.

Materials and methods. 2 colonies of Italian strain honey-
bees were maintained in standard hives. Samples of house
(younger) bees were taken from the upper interior of the
hives; forager (older) bees were collected at the hive
entrances. Midguts of 5-10 collected bees were removed

Table 1. Midgut weight and midgut chymotrypsin activities. Each sample is an average for midguts of 5-10 workers. H=house (younger)

bees; F=forager (older) bees

Date Midgut weight (mg) Chymotrypsin (units/midgut) Chymotrypsin (units/mg midgut protein)
(1979) Hive No. 1 Hive No. 2 Hive No. 1 Hive No. 2 Hive No. 1 Hive No. 2

H F FFH H F FFH H F FH H F F/H H F FH H. F F/H

June 5 105 93 08 132 105 0.80 187 170 091 370 150 041 257 240 093 447 248 055

22 107 88 082 142 101 071 225 134 0.60 450 1.60 036 256 220 086 4.06 230 057

July 11 104 68 065 100 100 100 320 200 063 225 295 131 440 410 093 400 358 090

26 114 87 076 142 930 065 460 3.00 065 530 370 070 470 430 091 456 49 1.07

August 9 127 93 073 115 100 087 3545 275 0350 405 310 058 480 472 098 346 3.70 1.07

29 8.8 80 0091 95 82 086 240 136 065 245 225 092 328 230 070 330 3.16 096

September 12 104 9.1  0.88 89 104 117 175 075 043 125 0.65 052 150 076 051 1.00 0.60 0.60

28 92 78 08 105 86 08 250 170 068 170 190 1.12 330 250 076 254 3.00 1.18

Table 2. Honeybee midgut trypsin activities and chymotrypsin/trypsin ratios, Each sample is an average for midguts of 5 to 10 workers.

H=house (younger) bees; F=forager (older) bees

Date Trypsin (units/midgut) Trypsin (units/mg midgut protein) Chymotrypsin/trypsin
(1979) Hive No. 1 Hive No. 2 Hive No. 1 Hive No. 2 Hive No. 1 Hive No. 2
H F FFH H F FFH H F FFH H F FFH H F H F
June 5. 115 020 0.17 122 023 0.19 1.60 0.60 0.38 150 037 025 1.63 850 303 6.52
25 060 024 040 1.40 025 018 075 040 0.53 1.30 040 031 375 538 321 640
July 11 095 022 023 1.05 060 057 133 045 034 1.90 085 045 337 909 214 49
26 1.69 040 024 1.50 045 0.30 175 054 031 1.15 060 052 272 750 353 822
August 9 1.70 025 0.15 1.50 0.67 045 171 032 0.19 155 080 052 321 1100 270 4,63
29 065 070 108 085 051 060 085 1.05 1.24 LIS 075 065 369 223 2.8 441
September 12 053 016 030 075 026 035 050 032 064 065 053 08 330 4.69 1.67 250
28 065 019 020 046 025 054 088 028 032 055 040 073 385 895 370 7.60
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and isolated, weighed, and then transferred to a small test
tube containing 0.001 N HCIL. The midguts were macerated
in the acid with a glass rod, allowed to leach for 15 min at
37°C, and then centrifuged for 5 min at room temperature
at 2000x g. The supernate was used for chymotrypsin,
trypsin, and protein assays as described elsewhere’.

Results and discussion. The results are given in tables 1
and 2. Midgut weights of house bees are larger than those
of forager bees in 15 of the 16 samples, reflecting the total
body weight difference reported by DeGroot. Both
chymotrypsin and trypsin are typically more abundant in
house than in forager bees, whether expressed as units per
midgut or as units per mg midgut protein. However, the
ratio of chymotrypsin to trypsin is greater for forager than
for house bees in 15 of the 16 samples, with decreased
trypsin activity being the primary component of the in-

creased ratio. The range of increase in the 15 ratios is from

142 to 5.21 (X=2.3240.97) times greater. The data for
chymotrypsin show an apparent seasonal pattern, with
lowest activity values recorded on September 12; no similar
seasonal pattern is apparent in the trypsin data.

Chymotrypsin is the most abundant protease in both
honeybee worker midguts and in 14 surveyed pollens'. In
our earlier study' we presented correlative evidence linking
levels of chymotrypsin activity in honeybee midguts with
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the presence of that enzymic activity in pollen; no correla-
tion could be similarly made for trypsin. The present data
are similar to the earlier study in that they show an
apparent seasonal pattern in chymotrypsin activity but not
in trypsin activity. The consistency with which the age
correlated decrease in trypsin activity is greater than that
for chymotrypsin activity in these studies is thus notewor-
thy. An age correlated decrease in chymotrypsin activity in
honeybee worker midguts could be due, at least in part, to a
decrease in pollen consumption. The consistency of the
greater decrease in trypsin activity is less apparently attri-
butable to decreased pollen consumption. Question has
existed as to whether proteases for digestion of pollen in
honeybee midguts are endogenous, derived from pollen, or
microfloral in origin®, That question remains unresolved.
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The effect of physostigmine on (Na* + K*)-ATPase activity in different rat brain regions!
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Summary. The activity of (Na* +K+)-ATPase and acetylcholine esterase were followed in rat brain cerebral cortex,
caudate, thalamus, hippocampus and medulla after i.v. administration of physostigmine. Both enzymes were found to be
inhibited in a dose-dependent manner. The most pronounced inhibition of (Na* +K™*)-ATPase was found in caudate,

where the highest activity of acetylcholine esterase is found.

The relationship between neurotransmitters, including ace-
tylcholine, and (Na* +K*)-ATPase (EC 3.6.1.3) has been
extensively investigated in vitro®-¢. (Na* + K*)-ATPase has
been implicated in active ion transport across the cell
membrane and this enzyme is considered to be synony-
mous with the sodium pump’. Certain neurotransmitters,
such as dopamine and norepinephrine, have been shown to
stimulate the (Na*+KT)-ATPase activity in vitro in a
dose-dependent manner®>53. With respect to acetylcholine
(ACh), it has been shown that in vitro this neurotransmitter
is a potent inhibitor of (Na* + K*)-ATPase’. However, to
our knowledge, there are no data regarding the in vivo
influence of ACh on (Nat +K™*)-ATPase activity in the
brain. Inhibition of acetylcholine esterase (AChE, EC
3.1.1.8) is followed by an increased ACh level in the brain
tissue>1%, Among the numerous AChE inhibitors, physo-
stigmine per se does not affect (Nat +K1)-ATPase activity
in vitro*, and does not interfere with the inhibitory effect of
ACh on the (Na*+K*)-ATPase activity*>. Therefore, it
appears that the effects of physostigmine on the (Na* +
K*)-ATPase activity in the brain are to be solely attributed
to ACh.

Materials and methods. Male Wistar rats (200+ 10 g b.wt)
were used in the study; animals had free access to food and
water ad libitum.

Physostigmine salicylate (50, 100 and 200 pg/kg b.wt) was
injected in a total volume of 0.1 ml into the tail vein 30 min
prior to decapitation. Animals were sacrificed between

10.00 and 11.00 h in order to avoid possible diurnal
variations in ACh content. In the pilot study, doses lower
than 50 pg showed no significant effects on the brain
AChE, while doses higher than 200 pg caused incipient
toxic effects (tremor, convulsions, incotinence).

5 brain structures (cerebral cortex, caudate, thalamus, hip-
pocampus and medulla) were dissected out, in the cold,
immediately after decapitation according to Glowinski and
Iversen!!. Tissue samples were homogenized in ice-cold
0.32 M sucrose, Triton X-100 (0.5% v/v, final concentra-
tion) was added, and after 30 min standing in the cold, the
pellet was removed by centrifugation (30,000x g, 0-4°C,
60 min). The resulting supernatant was the enzyme source.

Acetylcholine esterase and (Na*+Kt)-ATPase activities in
different rat brain regions

Brain region (Nat +K*)-ATPase = AChE

Cerebral cortex 168.7+5.7 18.5+04
Caudate 2343+8.0 524+ 1.8
Thalamus 207.0%+6.5 44.7£20
Hippocampus 232.7+4.0 423419
Medulla 234.5+3.6 312409

Numbers indicate the mean value+ SEM nmoles of respective
substrate hydrolyzed/mg protein/min. There were 6 animals in
each experimental group.



