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1. E~troduetion 

Ferfitin~zonjugated antibodies have been used to 
locate specific antigenic sites on ceti surfaces [1--3]  
and on the surfaces o f  subceUular organelles [4 ] .  
However there have been difficulties in the use o f  
f e r f i t i n - - Immuno~obu | in  (3 (IgG) conjugates prepared 
with bifunct ional  reagents such as glutaraldehyde or  
toluene 2,4-dfisocyanate.  Such conjugates generally 
exhibit  reduced an t ibody  activity relative to the 
original antiserum sample. Thus either high an t ibody  
titers or  preliminary purif ication o f  the Ig may  be 
necessary to ensure that  the residual activity o f  the 
conjugate is sufficient. In some cases high fiters are 
difficult to  obtain  and specific purif icat ion m a y  
provide only low yields and /or  select for  an t ibody  o f  
low aff~rdty. 

Culture filtrates o f  some stra2ns o f S t a p t ~ y l o c o c c u s  

aureus  conta in  a protein i ,  ah ich  specifically binds to 
the Fc por t ion  o f  the [gG molecule f rom m a n y  
marnmafian species [ 6 ] .  Because o f  this p rope r ty ,  
ferritin coupled covalently to  prote in  A could be 
expected to  react  wi th  IgG b o u n d  specifically to  
antigen sites at the Fab regions o f  the e t t ibody mole- 
cute. This type  o f  indirect label would:  
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1. Avoid reduct ion Ln the amoun t  o f  activity o f  anU- 
b o d y  b y  conjugat ion.  

2. Depend upon  the immuno lo#ca l ly  specific uptake 
by IgG by  specific antigen. 

3. Be useful for  IgG molecules f rom several mamr, aalian 
species. 

2, Mater2als and  methods  

Protein A was purchased f rom Pharmacia Fh~. ~ 
Chemicals, Uppsala. Ferfitin (EM Grade) was pu:-- 
chased f rom Polyscience,  Warrington, PA. 

FerritLn, 10 rng, was mL~ed with 2.5 nag protein A 
in 0.25 ml  0~1 M so0Aum phcJsphate buffer  ( P B )  pH 
7.2. Glutaraldehyde 50 pi, 0.25% v/v was added with 
gentle stirring, and the mixture  was incubated a'. 23°C 
for 60 rain. The mLxture was then dialyzed against 
100 ml 0.1 M a m m o n i u m  carbonate,  pH 8.8,  for 4 h 
at 4°C to b lock any  unreacted free aldehyde groups in 
the mixture .  The solution was then dialyzed aga:znst 
4 liters PB for 12 h at 4°C. 

To separate unreacted protein A,  the mL~ture was 
made to l0  ml with 0.1 M PB and spun for  2 h ka a 
Spinco L-2 ultracentrifuge at 78 000  X g on a cushior~ 
o f  50% v/v ~yce roL  The supernatant  fluid, cont~finLng 
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p ro t e in  A,  was discarded,  and the pel le t  and  glycerol  
conta in ing  ferr i t in  axed ferr'~tin con juga ted  p ro t e in  A 
was dissolved in 1 mi  150 mM NaCI,  10 mM sod ium 
p h o s p h a t e  p H  7.2 (PBS) and  d ia lyzed  for  12 h against 
2 liters PBS. 

In order  to specif ical ly pu r i fy  the  ferritS_n--protein 
A conjugate ,  5 g CH- -Sepha rose  4 B was con juga ted  
with  200 mg rabb i t  IgG using ca rbod i imide  [6] and  a 
1.5 X 10 cm c o l u m n  prepare.d.  The  colurrm was 
washed  wi th  80 ml  0.1 M glyc~ae-HC1 buf fe r  p H  2.3 
(GB)  until  the absorbance  at  Azso was be low 0 .01.  
The  co lumn  was then  washed  wi th  80 ml  0.5 M NaCI 

L h,. conta in ing 0 .05 M citric acid buf fe r ,  p H  5.6. -r , 
co lumn  was finally equi l ibra ted  wi th  PB. 

O f  the ferr i t in plus fe r r i t in - -pro te in  A conjugate  
mkxture ,  1 ml  was added  to the," co l um n  and u n b o u n d  
mater ia l  e lu ted  wi th  PB. The  e.~uate was washed  unt i l  
A~¢0 fell be low 0.01.  ~ ' , i s  e luate  con ta ined  free 
ferri t in and any  con juga te  unable  to  b ind  to IgG, 

Tlle co lumn  was t hen  washed  With GB which e l u t e d  
a dist inct  ye l low t rac t ion  f r o m  the Sepharose  ma t r ix .  
The  e luate  was i m m e d i a t e l y  neut ra l ized ,  to p H  7.2, 
wi th  0.5 M NaaHPO4 and dia lyzed for  12 h at  4°C 
against 1 li ter PBS. The  so lu t ion  was c o n c e n t r a t e d  b y  
cent r i fugat ion  as descr ibed above  and  finally dissolved 
in 1 mt  PBS. 

Washed cells f r o m  nut r ien t  agar slant cul tures  o f  
an asporogenous  strain of  Bacillus megaterium strain 
KM were in jected in t ravenous ly  in to  rabbi ts  to  prepare  
an t i se rum.  P re imm un i za t i on  bleedings were  used to 
p rov ide  nor  hal  se rum (and  n o r m a l  lgG). IgG was 
recovered  f, c m  se rum by  three  anan~onium sulfate  
prec ip i ta t ions  at 40% sa tu ra t ion  and  FmaUy suspended  
at 20 mg /ml  in ~:BS. 

Cells frown a n:tt.~ent agar slant  were  scrape,.5 in to  
PBS and sedimen~cd fo r  1 rain in an E p p e n d o r f  
cent r i fuge .  The  ceils were  washed  5 t imes to  r emove  
residual m e d i u m ,  resuspended  in 2 ml PBS and 
d iv ided  into 2 samples.  To  1 sample ,  5 ml  i m m u n e  
serum or  10 m g  lgG were  added  and to  the  con t ro l  
sample  5 ml  n o n - i m m u n e  serum" or  10 mg no , rea l  
igG were  added  and  a l lowed to  reac t  for  15 rain at  
23°C. The  ceils were sed imen ted  in an Epper ,  d o r f  
cent r i fuge  for  I rain and  washed  wi th  PBS unti l  
supe rna tan t  f luid A2s0 was les~ than  0.01.  

T o  each o f  the cell suspensions  .(in 1.0 ml  PBS),  
0 .05 ml  ferr i t in  conjugate  was added  m:d a l lowed to  
react for  15 rain at 23°C. The  zells were s edhnen t ed  

in the E p p e n d o r f  cen t r i fuge  and  washed  unt i l  A440 
( t h e  m a x i m u m  a b s o r p t i o n  o f  ferr i t in)  was less t h a n  

0.01.  
The  cells were  f ixed b y  adding 1 ml  2% v/v glutar-  

a ldehyde  in 0.1 M sod ium p h o s p h a t e  bu f f e r ,  p H  7.2,  
washed  twice wi th  b u f f e r  and  s ta ined  for  60 rain 
at 4°C wi th  a so lu t ion  o f  2% v/v osmic  acid in PB and 
b lock  s tained wi th  1% w/v  uranyl  ace ta te  in 25% 
e thanol .  Cells were  d e h y d r a t e d  in graded  e thano l  
(25%, 50%, 80%, 95% and 10(E~)~ washed  wi th  
p r o p y l e n e  ox ide  and  e m b e d d e d  in S p u r t  resin [7] in  
Beem capsules.  

Light  gold to  silver sect ions  were cut  on  a Sorvall  
MT-2 u l t r a m i c r o t o m e  and m o u n t e d  on bare  4 0 0  mesh  
c o p p e r  g d r ' l s .  No pos t  s tain was used  t o  enhance  
cont ras t .  Spec imens  were  e x a m i n e d  in a Philips EM 
300 ope ra t ed  at 40  kV.  

3 .  R e s u l t s  a n d  d i s c u s s i o n  

Figure 1A shows a B. megaterfum cell reac ted  wi th  
n o n - i m m u n e  serum anci :hen  wi th  the  f e r r i t i n - p r o t e i n  
A conjugate .  Only  several e l ec t ron  dense f e rd t i n  
part icles were  seen on  the cell enve lopes .  Cells in 
r iga  B were  reacted  wi th  i m m u n e  serum and subse- 
quent ly  wi th  the  conjugate .  N u m e r o u s  e lec t ron  dense 
part icles o f  ferr i t in can  be seen su r round ing  the 
enve lope  o f  tile bac t e r ium.  The  ferr i t in  molecu les  o f  
the  conjugate  are cons idered  to  have  reac ted  wi th  the  
Fe po r t i on  o f  lgG molecu les  c o m b i n e d  specif ical ly 
w i th  the  ce~ envelope .  Since on ly  several  par t ic les  
were  observed  on  ceils reac ted  wi th  n o n - i m m u n e  

serum,  it was  conc luded  tha t :  

1. 

. 

Ve ry  li t t le non-specif ic  u p t a k e  o f  conjugate  to  
bacter ial  cells did occur .  The  b inding  o f  con juga te  
required  the  presence  o f  i m m u n e  IgG.  

No appreciable  non-speci f ic  binding o f  n o r m a l  
lgG to  the  bacter ia l  cells occur red  (or  i f  such did 
occur  the Fc po r t ions  o f  such molecu les  were  n o t  
available for  reac t ion  wi th  the  conjuga te ) .  

Non-~pecific b inding has  been  a con t inu ing  
p r o b l e m  wi th  the i m m u n o f e r r i t i n  t echnique ,  and  it  
has been  necessary  to  use highly pur i f ied  ferr i t in .  Fo r  
this p rocedure  we have found  Polysc ienee  EM grade 
ferr i t in  sa t i s fac tory  w i t h o u t  fu r the r  pur i f ica t ion .  
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Fig.lA.Bacillus meg~tarium strain KM cell t r ea ted  wi th  n o n i m m u n e  ser)lm t h e n  wi th  ferxitin conjug.~ted p ro t e in  A. Very  few 
e lec t ron  dense  fer r i t in  part icles can  be  seen o n  the  celI envelope .  F ig . lB .  B. megatarium strain KM c(:ll t r ea ted  wi th  i m m u n e  
serum then  wi th  ferr i t in  con juga ted  p ro t e in  A. A wide  z o n e  o f  ferr i t tn  part icles  can be  seen surrouneting the  ce~l envelope .  Tota l  
magni f ica t ion  I00  000 ×. Bar is 100 nm.  
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• . ~te use  o f  this  two-s tep  m e t h o d  has  several  advaun- 
tage~ over  the  d i rec t  fe r r i t in  con juga t ed  a n t i b o d y  
;echnique .  Since the  i m m u n e  se rum is n o t  sub j ec t ed  
to  chemica l  t r e a t m e n t ,  one  can  use even sera o f  low 
t i t e r ,  and  the  s epa ra t i on  o f  Ig f r o m  the  serum is n o t  
necessary .  The  fe r r i t in -con juga ted  p r o t e i n  A can  be  
p r e p a r e d  and  pu r i f i ed  in q u a n t i t y ,  and  used  fo r  an t i -  
bod ies  o f  var ious  speci f ic i t ies  and ,  i ndeed ,  f r o m  

vazious m ~ m ~ _  species [6]. 
F e r r i t ~ - - p r o t e i n  A con juga tes  can  ~,~ s t o r ed  in the  

p resence  o f  0.2% (w/v)  s o d i u m  az ide  or  t 'd ter  s te r i l i zed  
and  s to red  at  4°C. I t  is fel t  t ha t  this  p r o c e d u r e  can  be 
w i d e l y  app l i ed  pa r t i cu l a r ly  in view o f  the  ease wi th  
which  con t ro l s  for  the  spec i f i c i ty  o f  the  r eac t i on  are 
car r ied  ou t .  

A s imi lar  con juga te  using pe rox ida se  c o r j u g a t e d  
to  p r o t e i n  A m i g h t  also be  p r e p a r e d  t o  a m p l i i y  ant i -  
be.:ly reac t ions  using s t anda rd  d i a m i n o b e n z i d i n e  
reac t ions  [8 ] .  
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