
15.2. 1977 Speeialia 187 

races were rea red  a n d  m a i n t a i n e d  r o u t i n e l y  in our  labo-  
ra to ry ,  as descr ibed in t he  p rev ious  p a p e r  6. Adu l t s  orig- 
i na t i ng  f rom n o n d i a p a u s i n g  pupae  were used in each  
e x p e r i m e n t  in the  case of the  J a p a n e s e  race (D). I f  p a r e n t s  
were p laced  u n d e r  a long day  cond i t ion  (15L:9D)  a t  
20~ t he  offspr ing deve loped  in to  on ly  n o n d i a p a u s i n g  
p u p a  regardless  of t he  l igh t  regime in the  fol lowing l a rva l  
stages,  in  J a p a n e s e  peregrina. Therefore,  adu l t s  of b o t h  
races were k e p t  in a sho r t  d a y  room (12L : 12D, 20 ~ for 
t he  expe r imen t .  A b o u t  150 newly  depos i ted  l a rvae  were 
t r ans fe r r ed  to a glass vessel  (1.5 1 in vo lume  a n d  12 cm in 
d iameter )  in a r oom k e p t  a t  20~ Then  each  vessel  was 
p u t  in to  a 5-gallon can  equ ipped  w i t h  a 5 -wa t t  f luorescent  
lamp.  I l l u m i n a t i o n  of th i s  l amp  was cont ro l led  b y  an  
outs ide  t ime  switch.  The  inside t e m p e r a t u r e  of each  can  
was cont ro l led  a t  20~ b y  aera tor .  P h o t o p e r i o d s  used 
were : c o n t i n u o u s  l ight ing,  16L : 8D, 15L: 9D, 14L : 10D, 
1 3 L : l l D ,  12L:12D,  11L:13D,  10L:14D,  9 L : 1 5 D  and  
c o n t i n u o u s  darkness .  The  l a rvae  r eached  t h e i r  m a x i m a l  
sizes in 5 days  a t  20 ~ In  order  to  synchron ize  pupa t i on ,  
fully g rown l a rvae  were left  for an  a d d i t i o n a l  4 days  in 
the  same  vessels suppl ied  da i ly  w i t h  dis t i l led w a t e r  to  
keep t he  inside wet.  The  p r e p u p a l  insects  were al lowed 
to p u p a t e  in  s awdus t  in d r y  vessels (480 ml  in vo lume  
and  8 cm in d iameter )  and  k e p t  for a f u r t h e r  2 weeks 
u n d e r  t he  same cond i t ions  of pho tope r iod  and  t e m p e r a -  
ture.  A t  t he  end  of th i s  t ime,  the  n u m b e r  of d iapause  a n d  
n o n d i a p a u s e  pupae  were counted ,  us ing  the  m e t h o d  of 
j u d g e m e n t  descr ibed b y  FRANKEL and  HSlAO 7. Non-  
d iapause  p u p a e  a t  th i s  s tage of d e v e l o p m e n t  were easi ly 
d i s t ingu i shed  f rom those  of d iapause  flies w i th  t he i r  
p i g m e n t e d  eyes. 

W h e n  la rvae  of J a p a n e s e  peregrina were rea red  a t  
20~ u n d e r  sho r t  day  cond i t ions  1 3 L : l l D  to 10L:14D,  
pupa l  d iapause  a p p r o a c h e d  100%, as shown  in the  figure. 
U n d e r  a long d a y  cond i t ion  (15L: 9D, 20 ~ t h e y  a lmos t  
all d id  no t  en te r  d iapause ,  as k n o w n  f rom prev ious  
work 4. None  of t he  New G u i nean  peregrina, however ,  
en te red  p u p a l  d iapause,  i r respec t ive  of pho toper iod ,  in 
a n y  of t he  r epea t ed  e x p e r i m e n t s  (figure, ND).  T he  cross- 
b reed ing  expe r imen t s  (D~ • N1)c~; ND~ • De?) p roduced  
pupae  of t he  offspr ing (F~) wh ich  did  no t  undergo  dia-  
pause  u n d e r  long d a y  cond i t ions  such as 1 5 L : 9 D  to 
1 3 L : l l D .  U n d e r  t h e  l igh t  regime 12L:12D,  30% of the  
p u p a e  en t e red  d iapause  in the  crossing D~ • ND3 .  The  
pe rcen t age  of h y b r i d  offspr ing d i apaus ing  increased  up  
to 50% in D~ • NDc? and  66% in ND~ • De? u n d e r  t he  

l igh t  regime l l L : 1 3 D .  The  f igure shows t h a t  a b o u t  
3 0 - 4 0 %  of hyb r id s  d id  n o t  e n t e r  d iapause,  even  u n d e r  
t he  t h r ee  sho r t  d a y  l eng ths  such  as l l L :  13D, 10L: 14D 
and  9L: 15D. In  t he  reversed  cross, ND~ • De?, the  m e a n  
pe rcen t age  of d i apaus ing  h y b r i d s  was a p p a r e n t l y  more  
t h a n  those  of D~ • N D ~  crossings,  a l t h o u g h  the re  is no  
s ign i f ican t  difference be tween  t h e m  in t he  f inal  analysis .  
D a y  l eng th  of less t h a n  11 h seems to h a v e  been  effect ive  
u p o n  a b o u t  60% of t he  F v New G u i n e a n  and  J a p a n e s e  
p a r e n t s  are cons idered  to  h a v e  an t i -d i apause  and  dia-  
pause  fac tors  respect ively ,  wh ich  m a y  be  gene t ica l ly  
t r a n s m i t t e d  to t he i r  p rogeny .  Also, i t  is l ikely t h a t  t he re  
is a n o t h e r  genet ic  fac to r  wh ich  ref lects  t he  d a y  l e n g t h  
m a k i n g  t he  fly d iapause .  The  J a p a n e s e  race requires  a 
cr i t ical  d a y  l eng th  of be tween  14 a n d  15 h for d iapause .  
New Gu inean  flies m a y  be  cons idered  to h a v e  a cr i t ica l  
d a y  l e n g t h  nea r  to  11 h for en t e r ing  diapause ,  as sugges ted  
b y  t he  fac t  t h a t  2% of New G u i n e a n  flies d i apaused  u n d e r  
t he  l l L :  13D l igh t  regime in t he  p r e l i m i n a r y  il~breeding 
expe r imen t .  The  F1 seems to requ i re  a n  i n t e r m e d i a t e  d a y  
l eng th  (13L: 11D) for  en t e r i ng  d iapause .  The  occurrence  
of an t i -d i apause  allele(s) suppresses  30 40% of t he  l a t t e r  
allele(s) in F 1. Di scovery  of th i s  k ind  of an t i -d i apause  
allele(s) m a y  be app l icab le  to  t he  genet ic  con t ro l  of 
J a p a n e s e  peregrina which  has  to  e n t e r  d iapause  u n d e r  
the  severe  c l imat ic  cond i t ions  of winter .  VINOGRADOVA 
and  ZINOVJEVA s r epo r t ed  t h a t  t he  d i apause  a n d  non-  
d iapause  s ta tes  of p r o g e n y  are d e t e r m i n e d  b y  a m a t e r n a l l y  
ope ra t ed  pho tope r iod  in Calliphora vicina, and  sugges ted  
t h a t  t he  pho tope r iod  regula tes  t he  physio logica l  s t a t e  of 
t he  l a rvae  v ia  t he  female,  b u t  does  n o t  inf luence  t he  
process  of o6genesis  d i r ec t ly  in the  l a rva l  d i apause  of t he  
blow-fly.  I n  t he  s t u d y  on t he  e m b r y o n i c  d i apause  of 
field crickets ,  OHMACHI and  MASAKI 9 found  t h a t  t he  
d e v e l o p m e n t  of t he  h y b r i d  egg is no t  d e t e r m i n e d  b y  t he  
yo lk  or c y t o p l a s m  p rov ided  b y  t he  mo the r ,  b u t  the  
genet ic  c o n s t i t u e n t s  of the  e m b r y o  or i n t e r ac t i on  be-  
tween  t he  two. Our  e x p e r i m e n t  also suggests  t h a t  the  
physio logica l  s t a t e  of the  p rogeny  is d e t e r m i n e d  b y  t he  
c o m b i n a t i o n  of allele(s) and  e n v i r o n m e n t a l  condi t ions .  
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Summary. Qo~ of j e j una l  r ings  did  no t  differ  s ign i f ican t ly  be tween  un in fec ted  r a t s  a n d  ra t s  in fec ted  for 7 days  w i t h  
Nematospiroides dubius. O,o 2 of isola ted j e j u n a l  mucosa l  epi the l ia l  cells was s ign i f ican t ly  g rea t e r  7 days  a f te r  infec t ion  
t h a n  in un in fec ted  cont ro l s  or a t  29-36 days  a f te r  infect ion.  

A l t h o u g h  t he  a b s o r p t i v e  capac i t y  of t he  smal l  in t e s t ine  
of a n u m b e r  of hos t  species is a l te red  du r ing  gas t ro in tes -  
t ina l  n e m a t o d e  infec t ions  l-a r e l a t ive ly  l i t t le  else is k n o w n  
of i n t e s t i n a l  m e t a b o l i s m  in these  infect ions,  a l t h o u g h  
work w i t h  r a t s  in fec ted  w i t h  Nematospiroides dubius 
i nd ica t ed  an  increase  in glucose u t i l i za t ion  d u r i n g  infec- 
t ion  e. The  p r e sen t  work  measures  t he  oxygen  c o n s u m p -  
t ion  b y  t he  smal l  i n t e s t i ne  of r a t s  infec ted  w i t h  N. dubius, 
a n e m a t o d e  which  causes  p r o n o u n c e d  in t e s t i na l  mal -  
a b s o r p t i o n  of n u t r i e n t s  in t he  r a t  2, 3. 

Methods. Female  W i s t a r  rats ,  aged 2.5 3 m o n t h s  a t  
s l augh te r  were used. A single dose of 4000 infec t ive  l a rvae  
in 0.5 ml  t a p  w a t e r  was  g iven  orally.  Cont ro l  an ima l s  
were g iven  0.5 ml  t a p  w a t e r  7 days  before  use. An ima l s  
were s t a r v e d  16 h before  use. The  smal l  i n t e s t ine  was 

1 L. E. A. SY~mys, Int. Rev. trop. Med. ,3, 49 (1969). 
2 A. M. SCOFIELD, Comp. Biochem. Physiol. d7A, 219 (1974). 
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f lushed ou t  w i th  0.9% saline solut ion while the  ra t  was 
under  e ther  anaesthesia ,  the  entire in tes t ine  t h e n  quickly 
r emoved  and  ever ted  over  a s lender steel  rod. Only the  
j e j u n u m  and  dis ta l  i leum were used. Rings were p repa red  
by  cu t t ing  the  gut  into segments ,  each app rox ima t e l y  
1 m m  long. A suspens ion  of mucosal  epi thel ial  cells was 
ob ta ined  by  10 min low-ampl i tude ,  h igh  f requency  vibra-  
t ion  of a 10-15 cm segmen t  of ever ted  in tes t ine  using the  
t echn ique  of LEVINE and  WEINTRAUB 4 except  the  saline 
in the  original m e t h o d  was replaced by  a 10 m M  solut ion 
of E D T A  in physiological  saline, for cell recovery  w i t h o u t  
t he  E D T A  was  poor. Cell yield f rom animals  infected for 
7 days  was poor  and  several  animals  were discarded as 
insuff icient  quant i t i es  of ceils were recovered to measure  
oxygen  consumpt ion .  Oxygen  up take  by  isolated mucosal  
epi thel ial  cells (4-8 mg protein)  and rings (approx imate ly  
100 mg we t  wt) was measured  wi th  a Clark oxygen  elec- 
t rode.  The mater ia l  was incuba ted  at  37~ in abou t  4 ml  
Krebs -R inge r  b ica rbona te  solut ion conta in ing  10 m M  
D-glucose oxygena ted  wi th  5% CO s in oxygen.  P ro te in  
assays 5 were made  on the  isolated cells af ter  each experi-  
ment .  The d a t a  were ana lyzed  by  S tuden t ' s  t-test.  

Table 1. Oxygen uptake ([xl/mg protein/rain) by mucosal epithelial 
cells isolated from the jejunum or ileum of uninfected rats and rats 
at various times after infection with 4000 larvae of N. dubius 

Experimental group Jejunum. Ileum 

Control 0.662 ~ 0.069 (13) 0.460 =~ 0.025 (10) 
7 days 0.873 ~ 0.064 ~ (12) 0.520 ~ 0.083 (10) 
29 36 days 0.680 q- 0.050 (16) 0.474 j= 0.032 (14) 

Means • S.E.M. (n). ~Significantly different from control and 
29-36 day groups at 5% level. 

Table 2. Oxygen uptake by jejunal rings of uninfected rats and rats 
7 days after infection with 4000 larvae of N. dubius 

Experimental group Qo2 �9 S.E.M. (ILl/rag dry inass/h)(n) 

Control 15.60 ~- 1.40 (16) 
7 days 15.43 • 0.85 (10) 

Results and 'discussion. Table  1 shows Qo2 of isolated 
mucosal  epi thel ial  cells. In  each of t he  t h r e e  groups Qo9 
of cells f rom the  j e j u n u m was s ignif icant ly  grea ter  t h a n  
cells f rom the  i leum (p < 0.01), as prev ious ly  no ted  by  
o thers  for no rma l  ra t s  a,7. There  were no signif icant  dif- 
ferences in Qo9 be tween  expe r imen ta l  groups  for t he  
ileum, which  was largely uninfec ted ,  bu t  Qo~ of cells f rom 
the  j e j u n u m of ra t s  infected for 7 days  was s ignif icant ly  
grea ter  t h a n  controls  or animals  29-36 days  af ter  infec- 
t ion.  In  the  la t t e r  group in tes t ina l  absorpt ion ,  which was 
s ignif icant ly  depressed by  7 days,  had  r e tu rned  to normal  
and  the  gu t  was free of paras i tes  9,a. The poor  recovery  
of epi thel ial  cells f rom 7-day infected j e j u n u m m a y  be 
associa ted wi th  the  villous a t r o p h y  t h a t  o f ten  accom- 
panies  h e a v y  infect ions 8. A m o n g s t  the  cells t h a t  were 
recovered were p robab ly  m a n y  i m m a t u r e  crypt- l ike  cells, 
which  are p resen t  on the  villi dur ing  infect ion wi th  
Nippostrongylus brasiliensis 3, a gas t ro in tes t ina l  n ema t ode  
which  also causes ma labsorp t ion  1. The higher  Qo2 of t he  
cells f rom infected in tes t ines  m a y  ref lect  the  ac t iv i ty  of 
these  i m m a t u r e  cells as the  Qo9 of t he  cells f rom the  base 
of the  villus is ap p ro x i ma t e l y  twice t h a t  of cells f rom the  
villous t ip  10. 

These resul ts  con t r a s t  wi th  those  ob ta ined  f rom ra ts  
infected wi th  N. brasiliensis in which  the  resp i ra to ry  
ac t iv i ty  of je junal  epi thel ia l  cells or mi tochondr i a  dif- 
fered l i t t le f rom the  normal  je junum9,  n.  This difference 
m a y  e i ther  reflect  t he  differing m e t h o d s  used for ob- 
t a in ing  the  cells or a more  p ronounced  effect  of the  para-  
site on the  hos t ;  the  ma labsorp t ion  associa ted wi th  N. 
dubius infect ion is more  severe t h a n  wi th  N. brasiliensis 
infect ions 3, a, ~2. 

There  was  no s ignif icant  difference in Qo9 of je junal  
r ings be tween  contro l  and infected animals  (Table 2), 
which  suggests  t h a t  oxygen consumpt ion  by  the  bulk of 
in tes t ina l  t issue is no t  affected b y  infection.  
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Summary. The Ca++-ATPase sys tem of sarcoplasmic re t icu lum (SR) was resolved into several  subuni t s  b y  isoelectric 
focusing and i so tachophores is  in acry lamide  gels. The results  ob ta ined  suppor t  the  concept  t h a t  the  ATPase  sys tem 
of SR is oligomeric forming a t e t r a m e r  of 100,000 mol .wt  subuni ts .  

The b iochemical  funct ions  of the  Ca++-pump sys t em of 
SR  have  been extens iveIy  charac ter ized  9-a. However ,  
the  molecular  a r r a n g e m e n t  of the  Ca++-pump in SR  
m e m b r a n e s  has  no t  ye t  been  character ized.  The ATPase  
sys t em wi th in  the  lipid phase  of the  m e m b r a n e  t rans -  
duces chemical  in to  osmot ic  energy,  p robab ly  t h ro u g h  
its ionophore t ic  ac t iv i ty  5, which canno t  be expla ined 

in t e rms  of a r o t a t o r y  diffusion carr ier  4. Recen t  detai led 
biochemical  and  s t ruc tu ra l  analysis  of SR e and  the  re- 
sults  of th is  work  suppor t  the  concep t  t h a t  t he  ATPase  
enzyme m a y  be a r ranged  in the  m e m b r a n e  as an oligo- 
meric  sys t em forming,  a hydrophy l i c  channel  specific for 
t he  t r a n s p o r t  of Ca ++. 


