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D e m o n s t r a t i o n  o f  a N a + - K + - M g  z+ D e p e n d e n t  A T P a s e  i n  a P r e p a r a t i o n  f r o m  H i n d g u t  a n d  M a l p i g h i a n  

T u b u l e s  o f  t w o  S p e c i e s  o f  I n s e c t  

The physiological  charac ter i s t ics  of ion t r a n s p o r t  in a 
va r i e ty  of t issues, f rom m a n y  animal  species, is now well 
documented ,  and  has led to the  ident i f ica t ion  and  isolat ion 
of a m e m b r a n e  enzyme,  an ATPase ,  which  has  been  
impl ica ted  in the  act ive  t r a n s p o r t  of sod ium and  po ta s s ium 
ions~, 2. The b iochemical  character is t ics  of th is  enzyme 
are t h a t  i t  requires  A T P  as a subs t r a t e  t oge the r  w i th  
magnes ium ions, and the  s imul taneous  presence  of Na + 
and  K + for m a x i m a l  act iv i ty .  F u r t h e r m o r e  the  ac t iv i ty  
due to Na  + and K+ is abol ished by  ouabain  2. 

Malpighian  tubules  and  insect  r ec tum have  long been 
known to  be involved in the  t r a n s p o r t  of monova l en t  
cations,  the  physiological  character is t ics  of these  t r a n s p o r t  
sys tems  have  recen t ly  been  reviewed~-% In  s u m m a r y  a 
ne t  t r ans fe r  of K+ occurs f rom the  h a e m o l y m p h  to the  
lumen  of t he  Malpighian  tubules  ~, 4, and  an act ive  resorp- 
t ion  of these  ions ~,7 and poss ibly  wa te r  ~,s, takes  place 
f rom t h e  rec tum.  By  compar i son  wi th  o ther  t issues one 
would therefore  expec t  these  t i ssues  also to have  cat ion 
p inups  associa ted w i t h  the i r  p l a sma  membranes .  BI~RIRID- 
GX ~ has  indeed suggested the  basa l  m e m b r a n e s  of lVlal- 
p ighian  tubu le  cells possess a Na+-K+-Mg 2+ ATPase  and  
the  apicat  m e m b r a n e s  a po ta s s ium s t imula ted  electro-  
genie ATPase .  However ,  in t he  same pape r  he repor t s  t h a t  
ouaba in  had  no effect  on ur ine fo rma t ion  by  Malpighian 
tubules,  which  would suggest  t h a t  the  basa l  m e m b r a n e s  
do no t  possess a coupled Na+-K+-Mg 2+ ATPase .  The only 
demons t r a t i on  of m e m b r a n e  ATPases  in these  t issues is 
f rom electron h i s tochemica l  techniques ,  and  a Mg 2+ 
ATPase  was found  in bo th  basal  and  apical  p la sma  mem-  
branes  in the  rectal  papi l lae  of the  blowfly ~0 The purpose  
of th is  communica t i on  is to show t h a t  a charac ter i s t ic  
coupled Na+-K+-Mg 2+ ATPase  (E.C. 3.6.1.3) is p resen t  in 
a m e m b r a n e  p repa ra t ion  ob ta ined  f rom h indgu t  and Mal- 
p ighian  tubule  cells of 2 species of insect ,  Schistocerca 
gregaria and  the  t e t t igon i id  J a m a i c a n a / l a v a .  

The  h indgu t s  and  Malpighian  tubules  were quickly 
dissected out  f rom abou t  12 animals  and placed in homo-  
genizat ion medium,  which  was e i ther  250 m M  manni to l ,  
5 m M  MgCI~, 10 m M  EDTA,  0.1% sodium deoxycho la te  
in 30 m M  his t idine-HCI,  pI-I 7.2; or 0.25 M sucrose, 2 m M  
E D T A  in 30 m M  histidine-HC1, p H  7.2. The guts  were  cut  
open  longi tudina l ly  and  washed  free f rom gut  contents .  
They  were t r ans fe r red  to  a f resh 10 ml  of t h e  app ropr i a t e  
homogeniza t ion  med ium.  Homogen iza t ion  was  carr ied 
out  in a P o t t e r - E l v e h j e m  homogenizer  w i th  a t eph lon  
pest le  (clearance 0.1-0.15 mm) wi th  10 passes of the  
p lunger  a t  1,000 rpm,  t he  homogenizer  was su r rounded  

by  ice t h r o u g h o u t  this  procedure .  A microsomal  pel le t  was 
ob ta ined  f rom the  sucrose med ium homogena t e  following 
the  t echn iques  which  have  been  used for m a m m a l i a n  
bra in  1~,12 and  crayf ish muscle  ta in our labora tory .  The 
deoxycho la te  med i u m homogena t e  was t r e a t ed  differently,  
it  was ex t r ac t ed  wi th  sod ium iodide following the  m e t h o d  
of NAKAO, TASI~IMA, N&G&NO and  NAKAO 14. This  ex t r ac t  
was t h e n  spun  at  50,000 g for 30 rain a t  0~ using a M S E  
Au toma t i c  Superspeed  40 head  No 2409. The pel le t  was 
d iscarded  and the  s u p e r n a t a n t  cen t r i fuged  a t  100,000 g 
for 60 rain. The resul t ing pel le t  was resuspended  in 10 ml  
of a washing  med i u m (5 m M  NaC1 + 1 m M  EDTA) and  
recent r i fuged at  100,000 g for 60 rain. This washing  pro- 
cedure was repea ted  twice more.  The resul t ing pel le t  (from 
bo th  extract ions)  was resuspended  in abou t  10 ml of 
neut ra l ized  deionized water .  

The react ion media  used were as follows: 1. 4 m M  
Mg2+; 2. 4 m M  Mg 2+ -b 100 m M  Na+; 3. 4 m M  Mg 2+ + 
2 0 m M I ( + ; 4 . 4 m M M g  ~ + + 1 0 0 m M N a  + + 2 0 m M K  § 
all buffered  in 50 m M  his t idine-HCl,  p H  7.2. A T P  (Iris 
salt) was added  to the  reac t ion  med ium to give a final 
concen t ra t ion  ot 2 raM. The reac t ion  was s t a r t ed  b y  
adding  0.5 ml  of homogena te .  The inhibi tors  ouabian,  
e thac ryn ie  acid and  R o n t y l  (hydrof lumethiazide)  when  
used were  added  to  t he  appropr i a t e  salts  solut ion to  give a 
f inal  c o n c e n t r a t i o m o f  10-3M. The reac t ions  were  carried 
ou t  a t  30~ and  were s topped  by  the  add i t ion  of 4 ml  of a 
mix tu re  of 1% lubrol  and 1% a m m o n i u m  m o l y b d a t e  in 
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ATPase activity of microsomai preparations obtained from Malpighian tubules and hindgut from the locust Schistocerca gregaria (Expts. I-III) 
and the tettigoniid Jamaicana ]lava (Expts. IV-V) 

Experi- 4 mM Mga+ 4 mM Mg ~+ 4 mM Mg 2+ 4 mM lVfg 2+ + 100 mM Na+ Activity in Activity in presence 
merit + 100mMNa + + 20raM K + + 20ram K + presenceof ofMg 2++Na + + K +  

Mg 2+ + Na+ minus activity in 
No. Ouabain Ouabain Ouabain Ouabain Rontyl Ethacrynic + K + minus Mg ~+ + Na+ + K+ 

acid Mg 2+ + ouabain 
--  + -- + - -  + -- + 

I 29.3 29.0 21.3 21.7 29.2 27.9 25.7 20.4 -- -- -- 3.6 + 5.3 
II 5.1 . . . . . .  71.9 4.6 58.8 49.1 +66.8 +67.3 
III 8.3 -- 6.2 -- 8.3 -- 71.5 7.6 70.9 -- +63.2 +63.9 
IV 11.1 -- 13.4 - 11.3 - 26.0 11.2 -- -- +14.9 +14.8 
V 15.1 - 13.3 -- 15.5 -- 33.9 15.2 - 25.9 +18.8 +18.7 

Experiment I isolated in sucrose medium; experiments II-V isolated in mannitol and extracted with Nal. Activities expressed in nmoles P 
liberated/rag protein/min. Ouabain, ethacryific aeid and Rontyl are present at lO-aM. 
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1 . 8 N  H2SO~5;  a n y  p ro t e in  which  p r ec i p i t a t ed  was 
r e m o v e d  b y  cen t r i fuga t ion .  The  t u b e s  were t h e n  lef t  a t  
room t e m p e r a t u r e  for 10 rain  to  a l low t h e  yel low colour  
to  develop.  The  colour  wh ich  deve loped  was r ead  a t  
390 nm.  P ro t e in  d e t e r m i n a t i o n s  were m a d e  b y  t he  m e t h o d  
of LOWRY, ROSEBROUGH, PARR a n d  RANDALL 16, us ing  
b o v i n e  s e rum a l b u m e n  F r a c t i o n  V as a s t anda rd �9  

All so lut ions  were m a d e  up  in glass dis t i l led  water .  All  
inorganic  sa l ts  were p r e s en t  as chlor ides  a n d  were A n a l a R  
grade.  His t id ine ,  A T P ,  B S A  a n d  o u a b a i n  were o b t a i n e d  
f rom S igma  Chemica l  Co. I t  is a p leasure  to  acknowledge  
the  gif ts  of R o n t y l  (E. R.  S q u i b b  a n d  Sons), e t h a c r y n i c  
acid (Merck, Sha rpe  a n d  Dohme)  a n d  Lubro l  (I.C.I. 
Dyes tu f f s  Divis ion) �9  

The  resul t s  are shown in t he  Table�9 Cons ider ing  f i rs t  t h e  
p r e p a r a t i o n  o b t a i n e d  b y  t h e  e x t r a c t i o n  m e t h o d  deve loped  
for ne rvous  t i ssue  ( E x p t  I). These  resu l t s  show t h a t  the  
p r e p a r a t i o n  was s t i m u l a t e d  b y  Mg ~+ alone, be ing  un-  
af fected b y  t he  f u r t h e r  add i t i on  of IK+ a n d  s l igh t ly  in- 
h i b i t e d  b y  t he  add i t i on  of N a  + (abou t  25%).  This  bas ic  
Mg ~+ A T P a s e  a c t i v i t y  ~s also r educed  (abou t  10%) w h e n  
b o t h  sod ium a n d  p o t a s s i u m  ions are presen t .  I t  would 
seem t h a t  no syne rgys t i ca l ly  s t i m u l a t e d  Na+-IK+-Mg~+ 
A T P a s e  is p r e sen t  in  t h i s  p r e p a r a t i o n ;  how eve r  t h a t  addi-  
t i on  of o u a b a i n  f u r t h e r  i nh ib i t s  t h e  enzymic  sp l i t t i ng  of 
A T P  w h e n  b o t h  Na+ and  IK+ are presen t ,  a l t h o u g h  i t  d id  
no t  affect  e n z y m e  a c t i v i t y  w h e n  only  one of t he  mono-  
v a l e n t  ca t ions  is p resen t .  Thus  i t  can  the re fo re  be  infer red  
t h a t  a o u a b a i n  sens i t ive  c o m p o n e n t  is p r e s en t  (i.e. a 
Na+-K+-Mg 2+ ATPase) .  I t  h a s  a fa i r ly  low a c t i v i t y  of 
5.3 nmoles  P i / m g  p r o t e i n / m i n  in compar i son  w i t h  t h e  Mg ~+ 
A T P a s e  which  was 29.3 nmoles  P i / ing  p ro te in / ra in .  S imi lar  
resu l t s  h a v e  been  o b t a i n e d  in our  l a b o r a t o r y  f rom s tudies  
on  insec t  muscle  (Wareham,  A.C.,  unpub l i shed )  a n d  
m a m m a l i a n  muscle  (Radcliffe,  M.A.,  and  Pa rk in ,  A.C., 
unpub l i shed )  and  can  be  exp la ined  b y  sod ium ion inh ib i -  
t i on  of t he  basic  Mg ~+ A T P a s e  ac t iv i ty .  Such  i n h i b i t i o n  
would  m a s k  t h e  coupled  s t i m u l a t i o n  w h e n  b o t h  N a  + a n d  
K+ are p r e s e n t  if t he  Na+-K+-Mg 2+ A T P a s e  p r o p o r t i o n  of 
t h e  t o t a l  A T P a s e  a c t i v i t y  is r e l a t ive ly  small .  

I n  the  second series of e x p e r i m e n t s  (II-V) in which  t h e  
sod ium iodide e x t r a c t i o n  m e t h o d  was used a v e r y  
d i f fe ren t  p i c tu re  emerges.  This  t e c h n i q u e  ha s  been  shown 
to  p ropo r t i ona l l y  increase  t he  a c t i v i t y  of t h e  Na+-I<+-Mg 2+ 
A T P a s e  as c o m p a r e d  w i t h  t h e  Mg 2+ A T P a s e  in o t h e r  
p r e p a r a t i o n s  t4, and  ha s  p roduced  t h e  same  effect  in  our  
work.  Th i s  is m o s t  obv ious  in t h e  Schistocerca prepa ra t i ons ,  
where  t he  basic  Mg ~+ A T P a s e  is a b o u t  5-10 nmoles  P i / m g  

p r o t e i n / r a i n  a n d  t he  a c t i v i t y  s t i m u l a t e d  b y  t he  add i t i on  
of Na+ and  K+ is a b o u t  65 nmoles  P i / m g  pro te in / ra in .  The  
basic  Mg 2+ A T P a s e  ac t i v i t y  is n o t  s t i m u l a t e d  b y  t h e  addi-  
t i on  of e i the r  m o n o v a l e n t  ca t ion  alone. S imi la r  resu l t s  
h a v e  also been  o b t a i n e d  wi t  h Jarnaicana a l t h o u g h  t h e  
s t i m u l a t i o n  due  to N a  + a n d  K + is on ly  a b o u t  100~ . I n  
b o t h  cases, however ,  t h i s  s t i m u l a t e d  ac t i v i t y  was com- 
p le te ly  abol i shed  in t he  presence  of 10 -aM ouaba in .  This  
p r e p a r a t i o n  would  the re fore  seem to  fulfi l l  t h e  requi re-  
m e n t s  of a classicaI Na+-K+-Mg 2+ ATPase ,  t h a t  is i t  is 
synergys t i ca l ly  s t i m u l a t e d  b y  sod ium and  p o t a s s i u m  and  
i n h i b i t e d  b y  ouaba in .  I t  is n o t a b l e  t h a t  e t h a c r y n i c  acid, 
wh ich  is no t  such  a p o t e n t  i n h i b i t o r  as o u a b a i n  ~7-49, 
i nh ib i t s  t h e  s t i m u l a t e d  a c t i v i t y  b y  on ly  a b o u t  30%, t h a t  
be ing  a b o u t  the  same  as descr ibed  for k i d n e y  cor tex  ~9. 
The  add i t i on  of Ron ty l ,  a ca rbonic  a n h y d r a s e  inh ib i to r ,  is 
even  less po ten t ,  a n d  in 1 of t he  2 e x p e r i m e n t s  where  i t  
was used i t  caused  no  inh ib i t ion .  

I t  is t e m p t i n g  to specula te  t h a t  t he  differences  in  t he  
p r o p o r t i o n  of t he  Na+-K+-Mg 2+ A T P a s e  a c t i v i t y  to  t h e  
bas ic  Mg ~+ A T P a s e  in t he  p r e p a r a t i o n s  f rom Schistocerca 
and  Jamaicana m a y  well  ref lect  t he  k n o w n  differences  i n '  
t h e  ab i l i ty  of t he  2 species to  r e t a i n  water .  The  locust  is 
su i t ed  to l ive in  d ry  condi t ions  a n d  ha s  a h igh ly  eff ic ient  
m e a n s  of w a t e r  r e t en t ion .  B y  c o n t r a s t  Jamaica~a requi res  
a regu la r  supp ly  of w a t e r  in  t h e  d ie t  and  p r e s u m a b l y  is 
less well  able  to  resorb  water .  

Zusammen/assung. Die Pr~tsenz e iner  c h a r a k t e r i s t i s c h e n  
N a + - K + - a k t i v i e r b a r e n  A T P a s e  (E.C. 3.6.1.3) wurde  
e r s tma l s  in  einer  m i k r o s o m a l e n  F r a k t i o n  des E n d d a r m e s  
u n d  der  m a l p i g h i s c h e n  Gef/isse bei de r  "vViistenschrecke 
Schistoce~'ca gregaria u n d  de r  L a u b h e u s c h r e c k e  Jamaicana 
[lava nachgewiesen .  
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Enzymic and Behavioural Changes Induced in 
Starvation 

Po lych lo r i na t ed  biocides are m a i n l y  s tored  in f a t  t issue 1, 
b u t  a ce r t a in  a m o u n t  is me tabo l i zed  b y  t he  mic rosomal  
c y t o c h r o m e  P-450 complex  2 which  is sens i t ive  to  d i e t a r y  
factors,  i,e. e t hano l  3, 4 a n d  s t a r v a t i o n  4. These  fac tors  exe r t  
e i t he r  a p r o t r a c t e d  or a more  a c u t e  influence�9 Since m o s t  
s tudies  on the  a c t i v i t y  of t he  P-450 complex  due to  deficien-  
cy s t a t e s  h a v e  concerned  p e r m a n e n t  or  s u b s t a n t i a l  lack  of 
one or more  d i e t a ry  fac tors  4, a the  p r e s en t  c o m m u n i c a t i o n  
i n t e n d s  to  re la te  p rev ious  i n t a k e  of po l ych l o r i na t ed  bioci-  
des to  a s y n d r o m e  fol lowing acu te  s t a r v a t i o n  of t he  animals .  

Material and methods. T w o - m o n t h - o l d  female  mice  (33g) 
were d iv ided  in to  groups  and  fed ad  l i b i t u m  for 7 days  on 
a d ie t  o p t i m a l  in  all respec ts :  group 1: w i t h o u t  a n y  ad-  
di t ions,  group 2: was  fed t h e  d ie t  of g roup  1 c o n t a i n i n g  
1500 p p m  D D T  a n d  group 3: fed t h e  d ie t  of g roup  1 b u t  

Mice Fed Polychlorinated Biocides Followed by 

c o n t a i n i n g  1500 p p m  y-hexach lo rocyc lohexane ,  Af te r  7 
days  feeding ha l f  of t h e  a n i m a l s  of g roup  1 a n d  2 were 
s t a r v e d  for 4 days.  The  hexaeh lo rocyc lohexane - f ed  mice  
were k i l led  w i t h o u t  s t a r v a t i o n  a f te r  7 days  feeding due  to 
h igh  m o r t a l i t y  (40%).  

Chemica l s :  G lucose -6 -phospha te  a n d  N A D P  were  f rom 
Boehr inger ,  G e r m a n y .  D D T  (d ich lo ro-d ipheny l t r i ch lo ro-  
e thane)  was f rom S t rue r s  Co., Copenhagen ,  y -hexachloro-  
cyc lohexane  (Lindan)  was f rom F e r r o s a n  Ltd. ,  Copen- 
hagen.  Before  use, these  3 subs t ances  were  rec rys ta l l i zed  
twice  f rom e thanol .  All  o the r  chemica l s  were of h ighes t  
o b t a i n a b l e  p u r i t y  f rom B r i t i s h  D r u g  Houses,  Poole,  U.K.  

Me thods :  An ima l s  were ki l led b y  a b low on t he  neck  
and  c y t o p l a s m i c  f r ac t ion  of l ivers  was  o b t a i n e d  as pre-  
v ious ly  descr ibed  3. The  a c t i v i t y  of t he  c y t o c h r o m e  P-450 


