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Enzymatic  Properties of  the Midgut Amylase Activity and

     its Changes during Development in the Cabbage

           Armyworm,  Mamestra brassicae L.
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 Abstract Enzymatic propertie$ of amyJases  in the midgut  tissue and  iurnen con-

tents of  the cabbage  armyworrn,  Mbmestra  brassicae L., were  determined  and  the

vaLues  were  compared  with  those  ofamylases  in the midgut  tissue and  digestivejuice

from the  larvae of  the silkworm,  Bombj,be mori  L. Amylases in the midgut  t[ssue

and  lumen  contents  showed  high activities during  the period of  feecling in the last

instar larvae and  no  activity  during the period of  non-fbeding  after  the gut-purge or

in the pupal stage, Arnylase activity  in the midgut  lumen contents  was  markedly

greater than  that in the midgut  tissue. Act[vities of  these  digestive amylases  showed

cyclical  rhythms,  although  the phases werestightly  different. Activities we[e  greater
in the light peried than  in the dark period, There is a  cyclical  rhythrn  in feeding

activity,  and  the relationship  between the  actitvities of  digestive amylases  and  feeding

actiyity  was  discussecl.

                             Introduction

    Many  researches  have been carried  out  on  the digestive enzymes  of  adults  and

larvae of  various  insects (HousE, 1974; JANDA  &  MuNzARovA,  1980), There is,

however, little information on  the physiological properties of the midgut  amylase

in the larvae of  the cabbage  armyworrn,  Maniestra brassicae L.

    In this work,  the relationship  between the activity  of  the midgut  amylase  and

feeding activity was  inves.tigated and  t.he. enzymatic  properties of  the  midgut  arnyr4.ses

in the larvae of  the cabbage  armyworm  were  determined,

                        Materials and  Metliods

    1) Experimental animals:  Mamestra brassicae was  reared  on  an  artificial  diet

(AGui et al,, 197S) at 250C in a  16L: 8D  photoperiod  (normal condition)  under

aseptic  conditions  until  the 4th larval instar, and  then semiaseptically  until the 6th

final laryal instar. In some  experiments,  the 6th instar larvae were  reared  under

continuous  light condition.  All larvae become non-diapausing  pupae. In these

experiments,  the gut-purge occurred  on  the  6th day after the last larval e¢ dysis.

   1) Present address:  Ageo  Research Laboratory, Agrochemicalg Division, Nippon Kayaku

Co.  Ltd., Koshikiya, Ageo, Saitarna Pref., 362 Japan
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   2) Determination of  the  diet intake and  amount  of  feces: Fifty 6th instar

larvae were  reared  in small  plastic boxes (23× l3× 6 cm)  and  cubes  of  artificial  diet

were  given at  the  rate  of  30g  per box. Feces and  residual  diets were  gathered
every  4hr  or  every  8hr  and  weighed.  As  a  control  greup, diets were  put in the

same  box for 4hr  or  8hr  without  insects and  the weight  less determined. This

value  was  utilized  for the compensation  of  naturally  reduced  weight  of  residual  diets

in the  experimental  group.
   3) Isolation of  niidgut:  Larvae were  longitudinalfy dissected in saline  every

4hr  from the last larval ecdysis,  the  midguts  were  ligated at both ends,  separated

from  foregut and  hindgut, blotted on  paper filters, and  stored  at  
-200C.

   4) Enzyme  preparation: One  midgut  was  dissected in 40 ml  ofO,Ol  M  NaCl-

1/15M  glycine-NaOH buffer CpH 9.5) and  the  lumen contents  were  washed  out,

The  buffbr solution  contalning  the lumen contents  of  each  midgut  was  centrifuged

fbr 10 min  at  3,OOO r.p.m.  and  the supernatant  was  used  as  an  enzyme  preparation
of  midgut  content  of  each  larvae, For niidgut  tissue samples  the lumen contents

were  washed  out  three  times  with  saline  selution  and  excessive  nioisture  was  removed

on  paper  fiIters, Then, the midgut  tissue was  homogenized with  a  rnoterized  teflon

pestle in 1.0 ml  of  O.el M  NaCl-1115  M  glycine-NaOH  buffbr solution,  

'the
 homo-

genate centrifuged  at 3,OOO r.p.rn. for 20 min  and  the supernatant  employed  as  the

enzyme  preparation of  midgut  tissue.

    5) Amylase assays:  Amylase  activity  was  colorimetrically  determined by

the same  method  as  previously described (TANABE and  KusANo,  1984). The  re-

action  mixture  contained  O.4 inl starch  solution  (2 mg  starchlml  of  IX15 M  glycine-
NaOH  bufibr, pH  9,5), O.1 ml  of  O.1 M  NaCi  and  O.1 ml  of  enzyme  solution. Each

enzylne  sample  was  assayed  3 to 4 times and  these values  were  averaged.  No

amylase  activity in the artificial diets was  detected.

    Amylases from the  midgut  tissue and  lumen eentents  were  determined in the

following experimental  groups: i) starvation  for 32 hr beginning at  8: OO on  the

1st day of  the  last instar under  the  normal  photoperiod, ii) ad  tibitum feeding under
continuous  light on  the 2nd day of  the rast instar, and  iii) ad  libitum feeding duting

the light period and  starvation  during the dark period with  the normal  pheteperiod
beginning on  the lst day of  the last instar. A!so, during the continuous  light con-

dition on  the  2nd  day of  the  last instar, the amount  of  food consumed  and  feces

produced were  determined.

    6) Enzymatic characterization  of  midgut  amylase:  Isolation of  the midgut

tissue and  its enzyme  preparation were  described above.

    Enzymatic properties of  the  midgut  tissue amylase  were  analyzed  as  fo11ows,

 i) effect of  ternperature: O.4 ml  of  soluble  starch  solution  (2 mg  starchlml  of  1/15 M

 glycine-NaOH  bufler, pH  9.5), O.1 ml  of O.1 M  NaCl and  O.1 ml  of enzyrne  solution;

 ii) effect  of  NaCl:  O.4ml  of  soluble  starch  solution  (2 mg  starch!ml  of  11I5M

 Tris-HCI  buffer, pH  9.5), O.1 ml  of  NaCl  solut,ion (IO-"-- 1 M)  and  O,1 ml  of  enzyrne

 solution;  iii) eflbct of  pH:'O,4ml  of  soluble  starch  solution  (2 ]ng  starch!ml  of
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Fig,1. Effect of  pH  on  the  midgut  tissue

   amylase  activity of  Mlamestra 1arvae.

   Ordinate:enzymeactivity(opticaldensity).

distilled water),  O.1 ml  of  various  pH  of  ll15 M  glycine-NaOH buffer (pH 8.0-10.5)
or  1115 M  phosphate buffer (pH 6.9-8.0) and  O.1 ml  of  enzyme  solution.

   D Polyacrylamide gel electrophoresis:  Polyacrylamide gel (pH 9.4) of  7.5%

was  prepared  according  to a modification  of  DAvis's method  (NAGAi, 1966 a, b).

   Midgut tissue from each  individual was  hemogenized in O.1 ml  of  1/15 M  gly-
cine-NaOH  bufirer solution  (pH 9.5), the hornogenate was  centrifuged  for 20 min  at

3,OOO r.p.m.  and  the supernatant  was  used  as a midgut  tissue enzyme  preparatien.
This  solution  was  mixed  with  an  equivalent  volume  of  40%  sucrose  solution.  The

sample  from 50 to 100 pa1 per one  experiment  was  subjected  for electrophoresis.
The  procedure for the electrophoresis  of  these enzyme  preparations was  described

previously CTANABE &  KusANo,  1984).

                             Results
                     D
1. Sbme  enzymatic  properties ofmitigut tisstte atnyltxse

   1) Optimal pH  range:  The  rnidgut  tissue amylase  was  active  in the alkaline

region  and  its optimal  pH  was  about  9.5 (Fig, 1).

   2) Velocity of  hydrolysis: The  relationship  between concentration  of  sub-

strate  and  enzyrne  actiyity  is shown  in Fig. 2. This curve  was  plotted according

to the procedure  of  LiNEwEAvER &  BuRK  (1934), The  Km  value  was  O.27 mglml.

   3) Optimal temperature: As  shown  in Fig. 3, the activity of  rnigdut  tissue

amylase  increased with  the increase of  incubation temperature  until SOeC and

decreased Tapidly  at higher temperatures.  Accordingly, the optirnal  temperature

for the activity of  the midgut  tissue amylase  was  about  500C.
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Fig. 2. Relationship between concentration  and  enzymatic  hydrolysis of  starch  with  the

   midgut  tissue arnylase  of  Mamestra  larvae. Abscissa: 1/s (%). Ordinate: 1/v (sfg
   apparentmaltoselm[nlniidgut).

Fig, 3, Effbct of  temperature  en  the midgut

   tissue amylase  activity of  Mk7mestra  larvae,

   Ordinate: the relative  value  of  amylase

   acttvlty  at varleus  temperature  agalnst

   that of  control,  S20C, that was  expressed

   as toe%,
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    4) Effeet of  sodium  chloride:  The  rnidgut  tissue amylase  was  slightly ac-

tivated by the addition  of  NaCl  in a  range  from 
'10-S

 M  to 10-5 M  and  its activity

showed  the highest increase of  lO%  at 10-  ̀M.

    5) Electrophoresis of  midgut  tissue and  midgut  content  amylases:  As  shown

in Fig, 4, the digestiye amyla$es  on  the 3rd day of  the last instar laTvae were  electro-

phoretically separated  into four bands, which  were  designated A, B, C and  D  firom

the cathodal  to the anodal  end.  In the case  of  the midgut  tissue amylase,  the

activities  of  the band A  vvere high, and  other  bands B, C  and  D  were  weak  activity.

In the case  of  the midgut  content  amylase,  the activity ef  four bands decreased in

the erder  toward  from band A  to  band D,

NII-Electronic  Mbrary  
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Fig, 4. A  diagram  showing  electrophoretic  patterns of  the midgut  tissue and  the midgut

   contentatnylasesinthe]arvaeof  AdbJnestra. ee: Wealc, gm: mederate,  E:  strong,  -:

   very  strong,  MWA;  midgut  tissue amy[ase,  MCA:  midgut  content  amylase.  The test
   was  carried  eut  on  the 3rd day of  the last instar.
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  Fig. 5. Changes in amylase  activity  ef  midgut  tissue in the  Iast instar larvae of  Mainestra.

     + : Standard  deviation of  mean  va]ue  of seven  individuals as one  group, Amylase activity:

     stg apparent  maltoselminfmidgut;  ki: dark period, O:  light period.

2. evianges in nticigL{t amyltise  activit]

    The inidgut  tissue amylase  activity increased inarkedly  frorn the lst day to the
2nd day in the 6th instar, reached  the  highest level at  the light period of  the 2nd
day, and  then, decreased markedly  toward  the gut-purging stage  (Fig. 5), From
the gut-purging stage  to the pupal stage  no  arnylase  activity  was  detected. A
rhythmical  fiuctuation of  the amylase  activity occurred  and  it was  three  to five
times more  active during the light period than the dark period. The result  shows

that there is a  cyclical  change  in the midgut  tissue amylase  activity in the last instar.

    A  fluctuation of  amylase  activity in the midgut  lumen contents  is shown  in
Fig. 6. In the period from the 3rd day to the 4th day in the last instar, amylase

activity was  markedly  high. In a  range  from the lst day to the 5th day in the ]ast
instar larvae the activity  showed  a rhythmicar  fluctuation like that  found in the
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  Fig. 6. Changes in amylase  activity  ef miclgut  ]umen  contents  in the  last instar larvae of

     Mamestra.  + : Standard deviation of  mean  value  of seven  individuals as one  group.

     Amytase activity: F`g apparent  maltosefminlmidgut;  en: dark period, o: light period.
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  Fig, 7. Rhythm  of  feeding activity in thelast  instar larvae of  Minmestra, n: Dark period,

     D:  light period.

midgut  tissue, However, the diiference in activity  between the dark and  the light

periods was  not  remarkable.  Activity in lumen contents  is always  rnuch  higher

than  that in the midgut  tissue according  to Figs. 5 and6,  At the period from the
5th day of  the  last instar larvae to the gut-purging stage,  the amylase  activity of

the midgut  contents  decreased sharply  and  afterwards  the amylase  activity was

hardly detected. It is clear  that a  phase of  the cyclical change  of the  activity  in the

midgut  content  amylase  is slightly  later than  that  in the  midgut  tissue arnylase

based on  the  comparison  of  Figs. 5 and  6.

3. Cyclical change  offleeding activity

   A  fluctuation of  the amount  of  fbod intake from the lst te  the  4th day in the
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Fig. 8. Ftuctuation of  the amount  of  feces excreted,  @:  Dark  period, D: light period,

last instar is shown  in Fig. 7. The  amount  of  food intake of  the larvae increased
with  their development after  ecdysis  and  it reached  the highest level at  the  dark

period of  the 2nd and  3rd day. Then, it decreased gradually toward the gut-
purging stage. The rate of  food consumed  was  higher during the dark period
than during the light period.

    The  arnount  of  feces in a  period from the lst day to the 4th day in the last
insta[ larvae paralleied the amount  of  food consumed  during this same  tinie in-

terval. The  amount  of  feces reached  the highest level (22mglhrflarvae) during
the dark period of  the 3rd day, then decreased gradually toward  the gut-purging
stage  and  afterwards  no  excretion  of  feces was  found, The excretion  of  feces at

the 2nd day and  the 3rd day showed  a tendency  to be larger during the dark period
than  the'11ghi period (Fig, 8). "'

 
------

    From  the results on  the fluctuation in the amytase  activities of  the midgut  tissue

and  ]umen  contents  and  in the feeding activity  described above,  it is clear that

there is a cyclical change  in feediing activity in the Iast instar larvae and  the phase of
the cyclical  change  of  the amylase  activity of  midgut  tissue is about  12 hr later than

that of  the feeding actiyity.

4. Relationship beti･veen micigut  ainylase  activity  and  c]iciical ckange  of .fl!eding

aetivity

    In the  case  of  ad  libitttm feeding under  llormal  photoperiod, activity  of  rhe

midgut  tissue amylase  showed  a rhythmical  fluctuation and  higher activity at 16: oo
on  the lst day  and  at 12:OO on  the  2nd  day. In the same  experimental  condition,

activity  of  the midgut  content  amylase  showed  a rhythmical  fluctuation similar  to
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11. Fluctuation of the activities of  two  kinds of  midgut  amylases  under  continuous
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and  +: standard  deviation of  seven  individuals as one  group. The larval age  is the 2nd
day of  the 6th instar. . . '
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12. Fluctuation of  the activities of  two kinds of  midgut  amyiases  under  the starvation
during the dark  periecl and  the feeding during  the ]ight period. e:  Midgut  tissue amy-
lase, i:  rnidgut  content  amylase,  + and  4 : standard  d¢ viation;  ee; dark period, D: light
period,      va: feeding period.

This peak of amylase  activity  was  8 hr later than
of  midgut  tissue (Fig. 9).

    Under  normal  photoperiod and  starvation,

two  kinds of  amylases  were  shown  in Fig. Ie.

the peak of  the amylaseactivity

a  fiuctuation of  the activities

The  midgut  tissue amylase

 efhas
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maintained  high activity for 12 hr after  starvation,  then  lowered gradualiy and  did

not  show  a  peak of  the activity, in the normal  rearing  condition.  The activity in

the midgut  contents  after starvation  decreased more  rapid  than that of  the rnidgut

tissue amylase  and  was  hardiy detected at about  24 hr.

   The amylase  activities  of  the midgut  tissue and  the midgut  contents,  and  the

arnounts  of  food intake and  feces preduced under  continuous  light indicated a

slightly cyclical  fiuctuation (Fig. 11).

   Amylase activities of  larvae starved  during the dark period under  normal

photoperiod, are  given in Fig, 12. The  activity  of  the midgut  tissue arnylase

elevated  gradually from 8:OO to 16:OO  on  the 2nd day, showed  a peak value  at

16: OO, and  then lowered slowly.  The highest value  of  the amylase  actiyity in this

case  was  one  half as  Tnuch  as  that in the condition  of  ad  iibitum feeding under  the

same  photoperied  (Figs. 9 and  12). The peak of  activity  of the midgut  tissue was

earlier  than that of  the midgut  lumen contents.  In the case  of  the midgut  content

amylase,  it decreased rapidly  at  the period from O:OO to 8:OO on  the 2nd clay,

increased from 12:OO  to 20:OO, reached  the highest level at  20:OO, and  then de-

creased  gradually (Fig. 12).

   In this experiment,  the amylase  activity  ef  the  midgut  lumen contents  under

limited feeding condition  showed  larger fluctuation than that  under  the condition

of ad  libitttm feeding. However, in the case  of  the midgut  tissue amylase  a  reverse

relationship  between two  feeding conditions  was  observed.

                            Discussion

   In the present experiment,  some  enzymatic  properties of  amylases  in the midgut

tissue and  lumen  contents  in larvae of  the cabbage  arrnyworm  were  deterrnined.

These values  and  those  on  digestive juice or  its considerably  purified amyla$e  prepa-

ration  and  crude  preparation of  the rnidgut  tissue in the silkwerm  are  compared  in

Table 1. The  optimal  pH,  optimal  ternperature  and  sensitivity  of  the  digestive

amylase  for activation  by addition  of  NaCl  in these  insects are  similar. Since the

Km  value  is higher in the digestive amylase  of  the silkworm  than  in that of  the

cabbage  arrnyworm,  the  aMnity  of  the digestive amylase  of the latter for the sub-

strate is probably higher. There were  4 electrophoretically  active bands in the

midgut  tissue and  lumen content  amylases,  These bands were  located in the same

positions. With considerably  purified enzyme  preparation of  the rnidgut  tissue er

digestivejuice from the 5th instar larvae ef  the silkworm,  KuRoDA  (1954) found

three spots  of  arnylases  on  the paper chromatogram,  and  NlsHDA  &  HAyAsHiyA

(1969) suggested  that there are  two  types of  amylases  based on  pH  activity.

Accordingly, these results seem  to indicate that digestive arnyrases  in moths

consist  of  several  isozymes.

   In the  present experiment,  high amylase  activities  in the migdut  tissue and

lumen contents  were  observed  in the first half of the last instar of  the cabbage  army-
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worrn.  The  activity  of  the midgut  content  amylase  was  markedly  higher than that

of  the midgut  tissue amylase.  Similar results have been obtained  with  the hawk

moth,  Ceherio euphorbiae  L. (HELLER &  PJEcHowsKA,  1971). In the  wax  moth,

Galteria mellonelJa  L., the activity  of  gut amylase  increased rapidly  after the last
larval ecdysis,  reached  the highest value  in the 4-day-old and  it decreased gradually
until the pupal stage (KRIEG, 1972). Also, in the silkworm  the activity ofgutamylase

and  digestive juice amylase  maintained  a  high level in the last instar (MATsuMuRA,
1934). Accordingly, these results  indicate that the fluctuation of  gut amylase  ac-

tivity at  larval stage  varies  considerably  among  species  of  the lepidopterous insects.
    In the present experiment,  the following relatien  between the midgut  amylase

activity  and  the rhythin  of  feeding activity  was  shown:  i) The  activjties  of  the

midgut  tissue and  content  amylases  during ad  tibitttm feeding showed  a cyclical

rhythm,  ii) the cyclical  rhythm  of  amylase  activities disappeared completely  under

a starvation  treatment, iii) under  continuous  light the cyclical  rhythm  of  feeding
activity  and  digestive amyla$e  actiyities was  not  markedly  pronounced,  and  iv)
under  the condition  of  the feeding during the light period and  the starvation  during

the dark peried, the significant peak of  amylase  activity that appeared  in the light

period in a normal  rearing  condition,  was  not  obtained.  From  these results,  it is
clear  that activities of  the mjdgut  tissue and  content  amylases  are probably induced
through  feedlng activity.  Furthermore, it can  be claimed  that cyclical  rhythms  of

these  amylases  depend more  on  feeding rhythm  than  photoperiodisrn. Furthermore,

a peak of  the cyclical rhythm  ef  the amylase  activity of  midgut  tissue in the cabbage

armyworm  is some  hours later than that of  the feeding activity. Whether a  cy-

clical  change  of  the feeding activity and  the rnidgut  amylase  activity in the present
experiment  is indicative of  a circadlan  rhythm  or  not  must  analyze  in future,

    In the present experiment,  the  activity  of  the midgut  content  amylase  was

markedly  more  actiye  than  that of  the midgut  tissue amyiase  and  the phase of  a

cyclical  rhythrn  of  the latter was  slightly  later than  that of  the former. According-
ly, it is suggested  that the midgut  content  amylase  originates  from the midgut

tissue amylase  as  a  precursor, This speculation  is supported  by the findings of

KuRoDA  (19S4) and  KANEKATsu  (1980) that digestive amylase  is secreted  into the
lumen of  the midgut  through  the perltrophic membrane  from cells  of  the midgut

tissue in the larvae of  the silkworm.
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