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35Sulfur Incorporation in Neural Membrane Protein Involved in Periplaneta americana 
Chemoreception 

Classical su l fhydry l  r eagen t s  h a v e  been  r e p e a t e d l y  
shown  to  a l t e r  t he  ene rgy - t r ans fe r  i n t e r ac t i ons  be t w een  
feed ing- inh ib i to ry  messengers  and  t he  n e r v e - m e m b r a n e  
recep to r  p ro t e in  in  Periplaneta americana 1-6. The  re- 
cep tor  p ro t e in  was or ig ina l ly  i so la ted  b y  FERKOVlCH an d  
NORRIS 7, a n d  was f u r t h e r  cha rac te r i zed  e lec t rophore t i ca l ly  
b y  SINGER et  aI. 6, s, 9 a n d  po la rog raph ica l ly  b y  ]R-OZENTAL 
and  NORRIS 1~ 11. Because  of t he  p r ed i c t ab l e  d i s r u p t i o n  of 
t he  r ecep to r  func t i on  of th i s  p ro t e in  b y  su l fhydry l  
r eagen t s  ", 5, ~ ~~ n 35S i n c o r p o r a t i o n  in to  t he  r ecep to r  
p ro t e in  was s tud ied  in v ivo  us ing  (95S) cys t ine  an d  t h e  
resul t s  are p re sen ted  in th i s  paper .  

Materials and methods. (asS) L-cyst ine d ihydroch lo r ide  
so lu t ion  (Amersham/Sear le ) ,  d i lu ted  w i t h  0.9% NaC1 
so lu t ion  to  yie ld  a b o u t  260,000 c p m / ~ l  (Packa rd  Tr i -Carb,  
Model  3380), was  in jec ted  in to  t he  a b d o m i n a l  haemocoe l  
of i n d i v i d u a l  P. americana males.  Groups  of 5 in jec ted  
insects  per  t r e a t m e n t  were held  for 1 h to  35 days  before 
p ro t e in  ex t rac t ion .  E a c h  cockroach  of a g roup  h a d  its 
head  severed  a t  t h e  neck,  r insed  in 0.9% sal ine a t  0~ 
t r a n s f e r r e d  to  34 ml  of sal ine a t  0~ m a c e r a t e d  in a 
Teflon-glass  homogen ize r  for i5  min,  f i l tered t h r o u g h  
glass wool w i t h  mi ld  suc t ion  and  cen t r i fuged  (max. 
100,000 •  for 30 min.  This  en t i re  process  y ie lded 33 ml  
of a s u p e r n a t a n t ,  $1, and  a pellet .  The  pel le t  was  re- 
homogen ized  in 33 ml  of sal ine a t  0~ a n d  cen t r i fuged  to  
yield s u p e r n a t a n t  S,, and  a pellet.  The  second pel le t  was 
f u r t h e r  homogen ized  in 3.5 ml  of 0 .6% T r i t o n  X-100 in 

0.9% sal ine to yield a s u p e r n a t a n t ,  T 1, an d  t h e  f inal  pel let .  
All  so lu t ions  were m a d e  w i t h  double  glass dist i l led,  N 2 
s a t u r a t e d  water .  R e p l i c a t e d  measu red  a l iquots  of each 
s u p e r n a t a n t  were co u n t ed  d i rec t ly  in  a 10 ml  cockta i l  
(500 ml  to luene,  500 ml  m e t h y l  cellusolve, 0.3 g d i m e t h y l  
P O P O P  an d  5.5 g PPO).  Q u e n c h i n g  was 56% as c o m p a r e d  
to  t h e  n o r m a l i z a t i o n  s t a n d a r d .  The  f ina l  pe l le t  was 
diges ted w i t h  0.2 ml  of 30% H~O 2 o v e r n i g h t  a t  62~ 
before  count ing .  

Rep l ica tes  (0.3 ml) of S 1 an d  T 1 solubi l ized p ro te ins  
were e l ec t rophore ted  in p H  7.1 sys tems,  f i xed / s t a ined  
w i t h  0.5% Amido  B lack  in 7% acet ic  acid an d  des ta ined  
in 7% acet ic  acid pr ior  to  s l icing of t h e  gels for coun t ing  
the  rad io i so tope  label  6, 9. 

Results and discussion. T h e  m a j o r  3sS p e a k  (solid b l ack  
squares,  F igure  1) a m o n g  the  e l ec t rophore t ed  T 1 p ro t e in  
b a n d s  m a t c h e d  t h e  maj  or **C peak  p rev ious ly  found  w h e n  
T 1 p ro te ins  were exposed in v i t ro  to  2 -me thy l  (14C)-1, 4- 
n a p h t h o q u i n o n e ,  a feeding i n h i b i t o r  for P.  americana 6. 
The  s a m e  p ro t e i n  b a n d  also c o n t a i n e d  t h e  14C peak  f rom 
t h e  messenger  qu inone  w h e n  T 1 was prepared ,  electro-  
p h o r e t e d  an d  co u n t ed  a f te r  in  v ivo  exposure  of cockroach  
a n t e n n a e  to t h e  x4C qu inone  messengerT, 0. Thus ,  c u r r e n t  
e x p e r i m e n t a l  resu l t s  conf i rm t h e  e lec t rophore t i c  charac-  
te r i s t ics  of the  chemorecep to r  p ro t e i n  an d  d e m o n s t r a t e  
select ive 95S i n c o r p o r a t i o n  in to  th i s  m e m b r a n e - b o u n d  
recep to r  fol lowing in jec t ion  of 35S-cystine in to  t h e  ab- 
domen.  I n c o r p o r a t i o n  of 35S label  in  th i s  r ecep to r  b a n d  
occurred  w i t h i n  l h (Figure 1, solid b l ack  squares) .  I t  
peaked  in t h e  t o t a l  T r i t o n  e x t r a c t  (Figure 1, solid b lack  
circles) a t  a b o u t  24 h, r e m a i n e d  v i r t u a l l y  u n c h a n g e d  for 
9 days,  an d  h a d  decl ined s ign i f i can t ly  b y  23 days. 
However ,  t he  pe l l e t -bound  ~5S c p m  showed a progress ive  
increase  t h r o u g h  35 days  a f t e r  in j ec t ion  (Figure 2). 

T h e  i n c o r p o r a t i o n  of ass in to  t h e  $1 ex t r ac t ab l e s  is 
shown in F igure  3 (solid b l ack  circles), asS-Prote in  
i nco rpo ra t i on  was bes t  d o c u m e n t e d  b y  sl icing gels and  
coun t ing  slices for 95S a f te r  e lec t rophores is  an d  p ro t e in  
f i xa t ion  an d  s ta ining,  because  cons iderab le  non-p ro te in  
35S was p re sen t  in  the  c rude  sal ine ex t rac t .  Pro te ins ,  
e l ec t rophore t i ca l ly  d i s t inc t  f rom t h e  receptor ,  in  the  saline 
f r ac t ion  (Figure 3, open  circles a n d  squares) ,  showed asS 
i nco rpo ra t i on  du r ing  1-6 h wh ich  closely para l le led  t h a t  
in  t h e  r ecep to r  (Figure 1, solid b l ack  squares) .  Some of 
these  soluble  p ro te ins  m a y  be  precursors  (e.g., subun i t s )  
for t h e  m e m b r a n e - a s s o c i a t e d  chemorecep to r  p ro te in .  

Fig.'l. 35S recovery over time from total Triton-solubilized extract 
from head macerate of 5 P. americana after abdominal injection 
of 124,231 cpm of 35S cystine per insect (solid black circles, epm 
scale on left margin). Recovered ~5S from each protein band is after 
electrophoreting 0.3 ml of the total Triton extract, and fixing and 
staining gel before slicing and counting. Symbol for each electro- 
phoreted band is shown beside a photographed gel. Counts per band 
at 1-6 h represent the heads of 5 insects, each initially injected with 
520,000 cpm (cpm scale on the right margin). Counts per band at 
3-35 days represent the heads of 5 insects, each initially injected with 
124, 231 cpm (cpm scale is on the right margin). Cpm's arc corrected 
for the half-life of 35S. 
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Fig. 2. 3sS recovery over time from the total residual pellet from 
heads of 5 insects, each insect initially injected with 124,231 epm. 
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After  3 days, the  grea tes t  35S incorpora t ion  into soluble 
pro te in  was in the  band  (Figure 3, solid black squares) 
which shows the  e lec t rophore t ic  character is t ics  of the  
membrane-assoc ia t ed  chemorecep to r  p ro te in  in the  T~ 
ex t r ac t  (Figure 1, solid black square).  

Al though ass incorpora t ion  into these  p ro te in  f ract ions  
has been  demons t ra t ed ,  a f rac t ion of the  in t i t ia l  rap id  
label up take  (1 to 24 h) m a y  have  been due to  a fo rmat ion  
of mixed  disulfides. Reduc t ion  wi th  excess thiol,  co lumn 
f rac t iona t ion  and electrophoresis  of these  853 incorpora ted  
ex t rac t s  ~ d e m o n s t r a t e d  t h a t  the  label recovered in the  
T~ ex t r ac t  a f ter  3 days  of in v ivo incuba t ion  was essen- 
t ia l ly  all incorpora ted  into the  po lypep t ide  chain of the  
receptor  protein .  

ROZENTAL and NORRIS 10,11 have  shown t h a t  messenger  
quinones  cause charac ter i s t ic  conformat iona l  changes  in 
the  T~ receptor  protein ,  bu t  no t  in S 1 proteins .  The T 1 
receptor  pro te in  is an in tegra l  c o m p o n e n t  of the  nerve  
m e m b r a n e  7, 9 and  i ts  subuni t s  become charac ter i s t ica l ly  
aggregated or unfolded in response  to  specific messen-  
gers ~0,11. Though  character is t ic  aggregat ion  or unfolding 
in response to messengers  has no t  been found  wi th  S~ 
prote ins  10, n, the  S~ prote ins  will b ind  messenger  quinones 
under  physiological  condi t ions  ~2. Our t en t a t i ve  inter-  
p re t a t i on  is t h a t  t he  asS labeled S t p ro te ins  which are 
appa ren t  precursors  (subunits) of the  membrane-assoc i -  
a ted  receptor  conta in  thiol  groups and  b ind  messenger,  bu t  
t h a t  these saline-soluble pro te ins  lack the  abil i t ies of the  
m e m b r a n e - b o u n d  T~ receptor  to p red ic t ab ly  change  
conformat ion  in response  to  each messenger,  as occurs in 
the  energy- t ransfe r r ing  mechan i sm in the  sensory  nerve  
m e m b r a n e  dur ing chemorecept ion .  

Resumen. (3sS) cis t ina in jec tada  en la cavidad  sangulnea 
abdomina l  fue incorporada  en una  p ro te ina  quemorecep-  
tora  aislada de te j ido nervioso.  La  incorporacidn empez6 
duran te  la p r imera  hora,  llegd a una  m&ximo a l a s  24 h, se 
m a n t u v o  a este nivel  por  9 dfas y a los 23 dfas habfa  
declinado. 

0. SINGER, J. M. ROZENTAL and D. M. NORRIS 13 

642 Russell Laboratories, University o/ Wisconsin, 
Madison (Wisconsin 53706, USA) ,  78 June  7974. 

Fig. 3. Same as Figure 1 except involves the total saline-soluble 
fraction, and eleetrophoreted protein bands. 

12 G. SINGER and D. M. NORRIS, unpublished data. 
t3 This research was supported by the Director of the Research 

Division, C.A.L.S., University of Wisconsin, Madison; and in part 
by research grant No. GB-41868 from the U.S. National Science 
Foundation. 

S w e l l i n g  of B r a i n  S l i c e s :  N o n - O s m o t i c  R e v e r s i o n  C a u s e d  b y  M e t a b o l i c  I n t e r m e d i a t e s  

During  in vi t ro  incuba t ion  m a m m a l i a n  bra in  slices 
take  up water  1. The swelling increases in hypo ton ic  
solutions,  in anoxia  2, a f ter  add i t ion  of inhibi tors  or 
uncouplers  of t he  glucose me tabo l i sm 3, and  f inal ly in the  
presence  of g lu t ama te  if t he  med ium conta ins  po tas s ium 4. 
A comple te  p reven t ion  of the  swelling is no t  possible;  
bu t  the  wa te r  up take  is reduced,  if t he  p repa ra t ion  of 
the  slices is made  under  mild condi t ions  s, if efficient 
oxygena t ion  is p rov ided  for 2, if chloride in the  med i u m 
is subs t i t u t ed  by  isethionate% or if hype r ton ic  solut ions 
are usedT, s. OKAMOTO and QUASTEL 9 observed  a lmost  
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