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A  cy an id e -te tra zo liu m  m edium  is suggested  as a  rap id  h istochem ica l sta in  fo r 
copper. R ed  bands clearly  m ark  th e  s ite  o f  c o p p e r -p ro te in  com plexes on  poly­
acry lam ide  gels. T h e  sta in  is d a rk e r , m o re  specific, and  m o re  perm anen t th a n  o th e r 
m ethods cu rre n tly  in use  and  is p a rticu la rly  usefu l in th e  e lec tro p h o re tic  c h a rac ­
teriza tio n  o f  c ru s tace an  serum .

In  the cou rse  o f a  study  o f serum  proteins in d iseased blue crabs, 
C allinectes sapidus  (1), we observed  faint pink bands on elec- 
trophoresed  acrylam ide gels th a t had been  incubated  in tétrazolium  
m edia fo r ox idoreductases. B ecause the bands appeared  only at sites 
ascribed to  hem ocyanin  by sta ins for copper and  fo r peroxidatic  activity, 
w e speculated  th a t a  té trazo lium  m edium  m ight provide a m ore satisfac­
to ry  stain fo r co p p er-p ro te in  com plexes. W e had  found stains curren tly  
in use to be e ither unstab le  o r  no t sufficiently sensitive to d e tec t the 
sm all am ounts o f  hem ocyanin  copper in th e  serum  of d iseased or o th e r­
w ise s tressed  crabs.

O f the available m ethods, P ea rse  (2) has said that rubeanic acid 
(dithiooxam ide) is p robably  the  m ost im portan t in m am m alian his­
tochem istry . C obalt and nickel also form  rubeanates, bu t these  salts are 
soluble in the p resence  o f e thano l and aceta te  ions, leaving only copper 
rubeana te  as a  visible p recip ita te . H orn  and  K err (3) and W hittaker (4) 
have used versions o f th is stain  fo r w ork w ith inverteb ra te  hem ocyanins. 
M anw ell and B aker (5) p referred  the  dianisidine (d im ethoxy benzidine) 
stain  (6) to  the  rubeanic in th e ir  study o f  m arine a rth ropods, on the 
grounds o f g rea ter co lor developm ent. Indeed , Pearse  pointed  ou t that 
fo r dem onstrating  copper in inverteb ra te  tissues, the to lidine (dim ethyl 
benzidine) reaction  show s a  h igher degree o f sensitiv ity  than  any o f the 
o th e r m ethods, including rubean ic  acid. In  o u r hands, how ever, both 
to lidine and  dianisidine stains produced pale and unstab le  bands, 
w hereas copper rubeanate  bands (3), although no t very  in tense, were 
stable.
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A t the tim e the pink bands w ere observed , the  té trazo lium  stains in 
use contained nitro blue té trazo lium , phenazine m ethosulfate, and cya­
nide in a  buffer w ith substra te  and nucleotide coenzym e specific fo r the 
enzym es under study. Subsequen t testing o f th e  first th ree  com pounds 
revealed that copper could be readily  detec ted  w ithin 0.5 h r  a t all p H ’s 
tes ted  (4 .7 -10 .0 ), in ace ta te, phosphate , and T ris  buffers (0 .1 -0 .5  m ) and 
even in distilled w ater. Shifting the  pH  tow ard  the  alkaline side speeded 
co lor developm ent, both  o f copper bands and o f  background. P hosphate 
buffers produced too  dark  a  form azan  background; T ris  buffers a t high 
concentrations slow ed the reaction  som ew hat, bu t dilute T ris  provided 
us w ith a  needed m easure o f control. F o r uniform ity, we selected  the 
buffer ra th er than  distilled w ater o r 1 m M  K O H , w hich w ere also effec­
tive. O ptim al p roportions o f th e  reactan ts  are repo rted  below.

M E T H O D O L O G Y

E lectrophoresis

Serum  from  healthy blue crabs and  solutions o f  th ree  co p p er-p ro te in  
p reparations o f varying purity  w ere subjected  to  electrophoresis on 
polyacrylam ide-gel colum ns. Sam ple concen tra tions are no ted  below . 
E lectrophoresis was perform ed at 4°C on 7%  acrylam ide, pH  9.1, with 
photopolym erized s tacker and  sam ple gels o f 3%  acrylam ide, pH  5.2. 
E lec trode  buffers w ere T ris-g ly c in e , pH  8.3. Both gel form ularies and 
e lectrophoretic  procedure are based on  the w ork  o f D avis (7) and have 
been fully described by G ould  and  M edler (8). A fte r e lectrophoresis, the 
gels w ere rem oved from  the  glass colum ns and placed in test tubes for 
staining.

C opper-P ro te in  Sam ples

A ll sam ples w ere p repared  in s tacker gel so lu tions (SG ) im m ediately 
p rio r to use.

Blue crab  serum  sam ples w ere  m ade 0.04 ml in 1.0 ml o f S G , and 0.30 
ml o f the  resulting sam ple gel w as used  p er colum n. T he hem ocyanin 
(H C y) con ten t o f  the  serum  w as taken  as 4%  and the copper con ten t of 
crustacean  H C y  as 0 .2%  (9,10), resulting in a  calculated 0.96 p g of 
copper applied p er colum n; subsequen t analysis o f the sam ple gel solu­
tions by atom ic absorp tion  corrobora ted  the calculations w ithin 2% 
(15.5 p g  fo r 16.0 pg).

Purified ceruloplasm in (T ype IV , hum an serum ; 160,000 m olecular 
w eight and 7 C u/m ole) (11,12); partially  purified uricase (hog liver; 
12,000 m olecular w eight and  1 Cu/m ole) (13); and partially  purified 
diam ine oxidase (hog kidney; 185,000 m olecular w eight and 2 Cu/m ole)
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(13) w ere also e lectrophoresed  and sta ined  fo r copper. T h e  enzym e 
p repara tions w ere obtained from  Sigm a C hem ical C om pany, St. Louis, 
M O .1 A nalysis by atom ic absorp tion  show ed th a t copper w as placed on 
the colum ns in the  following am ounts: ceruloplasm in, 1.04 and  0.104 /xg; 
u ricase , 2 .70  and 1.35 /xg; and diam ine oxidase, 1.35 and 0.9 /xg.

S ta in

R ea g en ts . K C N , 0.06 m , pH  8; p -n itro  blue té trazo lium  chloride 
(N B T ), 5 m g/m l in H 20 ;  phenazine m ethosulfate (PM S), 3 mg/ml in 
H 20 ;  polyvinylpyrrolidone, T ype  N P -K 30  (P V P ); and  0.05 m  tris(hy- 
d roxym ethy l)am inom ethane-H C l buffer, pH  8 (Tris). N B T  and PM S 
w ere  from  N utritional B iochem icals C orp ., C leveland , O H , and PV P 
w as ob tained  from  G eneral A niline and  Film  C orp ., N ew  Y ork , N Y .1

So lu tion . In  a  stoppered  50-ml E rlenm eyer flask, 18 ml o f K C N  and 
10 ml o f  T ris  buffer are mixed w ith abou t 0.5 g o f  P V P . W ithin an hour 
o f use , N B T  is solubilized (50 mg in 10 ml o f H 20 )  and added  to the 
flask. T h e  PM S can be m ade up ahead  o f  tim e and stored  in a refriger­
a to r fo r as long as a w eek, bu t it m ust no t be added  (0.6 ml) to the 
cyan id e-te trazo liu m  solution until ju s t before use. P roportions should be 
kep t close to  (buffer) 5 :(K C N ) 9 :(N B T ) 5 :(PM S) 0.3.

T h e  w hole is thoroughly m ixed and poured  o v er the  gels; the  tubes are 
s toppered , inverted  several tim es, and placed in the  dark  a t room 
tem pera tu re  fo r 3 0 -4 0  min. A fte r band developm ent, the gels are 
thoroughly  rinsed in tap  w ater.

A lthough the  pink bands are no t dark  initially, they  will deepen in 
co lor w ith  tim e. It is advisable, therefo re , to  change the  w ater in which 
the  gels a re  sto red , tw o o r th ree  tim es at 15-min intervals, to leach most 
o f the  as-yet-unreduced  té trazo lium  from  the  gels; o therw ise  the  form- 
azan  background  (reduced tétrazolium ) will be too  dark. C ontrast 
be tw een  bands and background depends largely upon  developm ent time 
and  subsequen t w ashings. F inal rinse  should be w ith distilled w ater to 
m inim ize form ation o f air bubbles.

D I S C U S S I O N

N orm ally  pink to deep rose, the copper bands are occasionally  edged 
w ith yellow . T h e  N B T -P M S  com bination alone can p roduce  faint 
yellow  bands on an e lec trophoresed  gel afte r an overnight incubation, 
w ithout the help o f cyanide. T h e  strongly nucleophilic cyanide ion, how ­
ever, accelera tes the displacem ent o f copper from  its p ro tein  com plex 
and  prom otes the  rapid precip itation  o f  the copper bands.

1 U se  o f  tra d e  nam es is m erely  to  fac ilita te  identifica tion . It does no t co n s titu te  an 
e n d o rsem en t by the N atio n a l M arine F ish e rie s  S erv ice , N .O .A .A .
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F ig . 1. C o p p e r  s ta in s on  acrylam ide-gel co lu m n s, indicating  sites  o f  hem ocyanin  from  
th e  se ru m  o f  b lu e  crab , C allinectes sap idus. (A ) is  a  p ic tu re  ta k e n  in reflec ted  light and (B), 
in tran sm itted  light. In  each  c ase , th e  left-hand  co lum n show s co p p e r ru b e a n a te  bands 
d ep o sited  by  th e  rubean ic  acid sta in  (3), and  th e  righ t-hand  co lum n  show s co p p e r bands 
d ep o sited  by th e  te trazo liu m -cy an id e  sta in  d esc rib ed  in th is rep o rt.

O f the copper proteins tested , hem ocyanin  gave the strongest color 
deposition  fo r the  am ount o f  copper in  the  sam ple. Slightly less th an  a 
m icrogram  o f  H C y-C u  produced  the th ree  m ajor bands typical o f  blue 
c rab  serum  (Fig. 1): T h e  strong  ß  m onom er and  the  tw o fast a  dim ers 
(1). T he sam e pherogram  pattern , still easily  discernible, can  be obtained 
w ith less th an  0.5 /xg o f H C y-C u.

O ne m icrogram  of ceruloplasm in-C u p roduced  a single very  strong 
band , approxim ately tw ice the  w idth o f the  strong /3-HCy o f the blue 
crab , and 0.1 /xg of ceruloplasm in-C u produced a  fa in t bu t detectable 
th in  pink band . T he o ther tw o c o p p e r-p ro te in  p reparations tested , uri- 
case  and diam ine oxidase, contained  hem oglobin and  o ther im purities 
th a t obscu red  the copper bands, bo th  w ith the cyan id e-te trazo liu m  and 
w ith the  rubean ic  acid stain.

D eep  purp le  bands may also be seen  on gels containing the blue crab 
H C y  and sta ined  fo r copper w ith th is m edium , indicating sites o f a  té t­
razolium  reductase  (14) th a t does no t requ ire  pyridine nucleotide coen ­
zym e for activation.

A  b leached  area im m ediately surrounding  the copper bands is also 
usually seen  and is particularly  no ticeable  w hen the  copper concen tra ­
tion is low , as in the  0 .1-/xg ceruloplasm in-C u and  in the  a -H C y ’s of 
nanogram  am ounts of C u ; indeed, som etim es b leached bands appear 
w ith no apparen t copper in association . I f  the  incubation is allow ed to 
p roceed  in the  light, the  b leached areas becom e m ore pronounced 
against the  dark  form azan background. T h is effect should not be at­
tribu ted  to  superoxide d ism utase (15); it is m ore probably  due to the  for­
m ation o f e ither H 20 2 o r perhydroxy  ions, both o f w hich have been
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suggested as interm ediates in the tran sfe r o f  e lectrons by copper ions in 
hem ocyanin  (16) and lacease (17).

A lthough the  w ork reported  here w as with acrylam ide gels exclu­
sively, the te trazo lium -cyan ide  m edium  should be an effective copper 
stain  w ith o th e r e lectrophoretic  m edia as well; té trazo lium  stains are a 
tool w idely used  by w orkers w ith starch-gel and agar-gel electrophoresis. 
B ecause o f th e  strong  evidence for the involvem ent o f im idazole groups 
in the  binding o f copper in hem ocyanin  (18), how ever, and the w eak­
ening o f  these  bonds by photooxidation  o f histidine residues (19), it 
m ay be th a t photopolym erization  o f the acrylam ide sam ple gel increases 
the  sta in ’s efficiency by rendering the  copper ions m ore readily  rem ov­
able from  th e  hem ocyanin  m olecule.

T h e  cyan id e -te trazo liu m  stain  has p roved  particularly  useful in ex­
am ining the  hem olym ph o f  several crabs o ther than  C allinectes. W ork is 
p resen tly  u n d er w ay to com pare the num ber and m igration ra te  of 
hem ocyanins under uniform  assay  conditions and to d iscover the ir gross 
m eric s truc tu re .

A C K N O W L E D G M E N T

T h e  au th o rs  th an k  M rs. B e tty  N elso n  for perfo rm ing  th e  atom ic ab so rp tio n  analyses.

R EF E R E N C E S

1. P au ley , G . B., N ew m an , M. W ., and G o u ld , E . (1975) M ar. F ish . R ev . 37, 34.
2. P earse , A . G . E . (1960) in H isto c h em istry  (P e a rse , A . G . E ., ed.), pp. 6 9 7 -6 9 9 , L ittle,

B row n, B oston.
3. H orn , E. C ., and  K err, M. S. (1969) C om p. B io ch em . Physiol. 29, 493.
4. W h ittak er, J . R. (1959) N a tu re  (L o n d o n ) 184, 193.
5. M anw ell, C ., and B aker, C . M . A. (1963) C om p. B iochem . Physiol. 8, 193.
6. O w en, J. A ., and  Sm ith , H . (1961) Clin. C  h im . A c ta  6, 441.
7 . D av is , B. J. (1964) A n n . N . Y. A cad . Sei. 121, 404.
8. G o u ld , E ., and  M edler, M . J. (1 9 7 0 )7 . A ss . O ffic. A n a l. C hem . 53, 1237.
9. G o o d w in , T . W . (I9 6 0 )  in  T h e  Physio logy o f  C ru s ta c e a  (W aterm an , T . H ., ed .), V ol.

I, p. 112, A cadem ic  P re ss , N e w  Y ork.
10. W itte rs , R ., an d  L on tie , R. (1968) in  Physio logy and  B iochem istry  o f  H aem ocyan ins

(G h ire tti, F . ,  ed .), p. 72, A cadem ic P ress , N ew  Y ork.
11. O sak i, S ., M c D e rm o tt, J . A ., and F rieden , E. (1968) in  Physio logy  and B iochem istry

o f  H aem o cy a n in s  (G h ire tti, F ., ed .), p. 26, A cadem ic  P ress , N ew  Y ork .
12. F rie d en , E. (1971) in  B io inorganic C h em istry  (G o u ld , R. F ., ed .) , p. 292 , A m erican

C hem ica l S o c ie ty , W ash ing ton , D C .
13. V allee , B. L ., and W ack er, W . E . C . (1970) in  H an d b o o k  o f  B iochem istry , 2nd ed ., p.

C -52 , C R C  P re ss , C lev e lan d , O H .
14. L igny , W . de. H o g en d o o rn , H ., V erb o o m , B. L ., and W illem sen, J. (1975) in  Isozym es

II. P hysio log ical F u n c tio n  (M arkert, C . L ., ed .), p. 681, A cad em ic  P re ss , N ew  
Y ork .

15. L ip p itt, B ., and  F rid o v ich , I. (1973) A rch . B iochem . B iophys. 159, 738.
16. K lo tz , I. M „ and  K lo tz , T . A . (1956) Biol. B ull. I l l ,  306.
17. M a lm strö m , B. G . (1971) Se i. N e w s  100, 93.
18. L on tie , R . (1958) Clin. C h im . A d a  3, 68.
19. W ood , E. G ., and  B ann is ter, W. H. (1968) B ioch im . B iophys. A d a  154, 10.



' Y
r f *

V ?


