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Fluorescence of Human Erythrocyte 'Ghosts' on 

EDELMAN and  ~V~cCLuRE 1 and  STRYER 2 have  recen t ly  
reviewed the  use of 8 -an i l ino- l -Naph tha lene  Sulfonate  
(ANS) and s imilar  compounds  as f luorescent  probes  for 
the  hydrophob ic  regions of p ro te in  molecules. We  have  
found t h a t  a suspension of ghosts  fluoresces s t rongly  in a 
solut ion of ANS at  p H  7.4. Most  of th is  work  had  been  
comple ted  when  FREEDMAN and  RADDA 3 repor ted  the  
in te rac t ion  of A N S  wi th  ghosts.  

Materials and methods. Hemoglobin- f ree  ghosts  were 
p repa red  by  hypo ton ic  hemolys is  a t  p H  7.44, 5. The num-  
ber  of ghosts  in a s tock suspension was de t e rmined  in a 
Coulter  Counter,  model  B. The Mg salt  of ANS (Turner, 
Palo  Alto, Calif.) was  dissolved in 0 .13M phospha te ,  
p H  7.4. Fluorescence in t ens i ty  was measured  in an 
A m i n c o - B o w m a n  spec t rof luorometer .  La te r  measure-  
men t s  were m a d e  wi th  a P h o t o v o l t  model  54 Fluorescence 
Meter  w i th  p r i m a r y  fi l ter  No. 5464 and secondary  f i l ter  
No. B470. Bo th  i n s t r u m e n t s  gave s imilar  results.  

Results. Addi t ion  of ghosts  to a 0.20 m M  solut ion of 
ANS gave m arked  e n h a n c e m e n t  of fluorescence, w i th  
m a x i m u m  wave leng th  for ac t iva t ion  at  390-400 n m  and  
for emission at  465-475 nm. As increasing volumes  of 
ghost  suspension (5.2 • 10 ~ cells, 3.0 mg of protein ,  per  ml) 
were added  to  5 ml  of 0.12 m M A N S  in buffer,  the  
f luorescence in t ens i ty  increased p ropor t iona te ly  up to  
0.20 ml  of ghosts  added.  Add i t ion  of 1% bovine  serum 
a lbumin  (BSA) to 5 ml  of A N S  in buffer  gave a l inear  re- 
sponse up to 0.10 ml  added.  Thus,  on a p ro te in  weigh t  
basis, BSA yielded 3.2 t imes  the  f luorescence in t ens i ty  
compared  wi th  ghosts .  Add i t ion  of 1 m M  CaC12 to an 
ANS-ghos t  sys t em increased the  f luorescence by  8%. Ad- 
di t ion of 1 m M  A T P  or 0.1 m M  Mersalyl or ouabain  had  
no effect.  

Tr i ton  X-100 (a m ix tu r e  of po lyoxye thy lene  ethers) a t  
0.05% concen t ra t ion  'solubil izes '  ghosts  and  releases cer- 
ta in  enzyme act ivi t ies  6. However ,  the  f luorescence of th is  
ghost  solut ion could no t  be examined,  as solut ions of 
Tr i ton  X-100 themse lves  fluoresce s trongly.  WEBER and  
LAURENCE 7 f i rs t  r epor ted  the  e n h a n c e m e n t  of ANS 
fluorescence by  organic solutes.  

Fluorescence of erythrocyte ghosts and of bovine serum albumin in a 
0.12 mM solution of ANS in buffer pH 7.4 

ml of ghost I 1% bovine serum I 
suspension albumin (ml) 

0.050 279 0.005 275 
0.100 565 0.010 515 
0.150 823 0.020 1050 
0.200 1100 0.030 1700 
0.250 1220 0.040 2200 
0.300 1390 0.050 2900 

0.100 2900 

Fluorescence intensity. I, is the product of the meter reading and the 
photometer multiplication factor. 

Treatment with 8-Anilino-l-Naphthalene Sulfonate 

In  order  to e s t ima te  the  b ind ing  of ANS to ghosts,  0.10- 
1.00 ml  a l iquots  of the  s tock ghos t  suspension were added  
to  5.0 ml  of 0.12 m M A N S  in buffer.  Af te r  5 min the  ghosts  
were cent r i fuged down in a h igh-speed  centr i fuge and  the  
concen t ra t ion  of u n b o u n d  ANS was de t e rmined  f rom the  
absorbance  of t he  s u p e r n a t a n t  a t  350 nm, af ter  correct ion 
for t he  app ropr i a t e  blanks.  The percentages  of ANS 
bound,  for the  va ry ing  volumes  of ghosts ,  were:  0.100 ml, 
5% ; 0.200 ml, 10% ; 1.00 ml, 42%. I t  was e s t ima ted  t h a t  
a t  t he  lower ghos t  concen t ra t ions  one cell bound  3 • 107 
molecules of ANS.  On a p ro te in  weigh t  basis, 1 mg  of 
ghost  p ro te in  b o u n d  1.0 • 10 .7 moles of ANS. WEBER and 
YouNG s found t h a t  1 mole of BSA bound  a m a x i m u m  of 
5 moles of ANS ; th is  equals  7.6 • 10 -s moles /mg of prote in .  

As measured  f rom a molecular  model,  the  area of the  
ANS molecule is abou t  120 lk 2. The surface area of the  
h u m a n  e ry th rocy t e  is abou t  160 [x 2. If it  be  assumed t h a t  a 
ghost  has  the  s ame  area (al though the  volume is some- 
w h a t  smaller),  t h e n  3 • 107 molecules of ANS would cover 
43 tx 2, or abou t  1/4 of the  cell surface, if bound  f lat  on the  
surface. 

W h e n  an ANS-ghos t  p repa ra t ion  was examined  in a 
f luorescence microscope,  the  f luorescent  m e m b r a n e s  could 
be readi ly  seen, and  the i r  shapes  clearly del ineated.  The 
def in i t ion  is, however ,  s o mew h a t  inferior to  t h a t  ob ta ined  
wi th  phase -con t r a s t  opt ics  9, ~o 

Zusammen/assung. E r y t h r o z y t e n m e m b r a n e n  fluores- 
zieren in einer L6sung von 8 -Ani l ino- l -Naph tha l in  Sul- 
fona t  bei  P h o s p h a t p u f f e r  p H  7.4. WXhrend Kalz iumionen  
die Fluoreszenz  le icht  verstArken, b le iben ATP, Mersalyl  
und  Ouaba in  ohne  Wirkung.  Klare  1V[embranbeobachtung 
mi t  d e m  Fluoreszenzmikroskop.  
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DNS-Synthese,  Blastentransformation und Mitosen in gemischten, homologen Granulozyten- 
Lymphozytenkulturen 

Die Trans fo rma t ion  yon  mensehl ichen  B lu t l ympho-  k o m p e t e n t e  L y m p h o z y t e n  n ich t iden t i sche  Transp lan ta -  
zy ten  in vi t ro  in der  Gegenwar t  homologer  Leukozy ten  I t ionsan t igene  der  f r emden  Ze l lmembran  e rkennen  und  
wird als Konsequenz  des Histokompatibil i t~Ltsunter-  dies un te r  an d e rem mi t  B las ten t rans fo rmat ion ,  Mitose 
schiedes der  Zel lpopula t ionen in terpre t ie r t ,  i ndem immu n -  und  ges te iger ter  NukleinsXuresynthese  beantwor ten2-4 .  


