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An u l t r a m i c r o m e t h o d  for  de te rmin ing  ce-fetoprotein (AFP), capable  of detect ing as lit t le as 
10 -8 mg AFP  in a concentrat ion of (1-2) �9 10 -~ m g / m l ,  is suggested.  The antigen is con- 
cen t ra ted  in a cap i l l a ry  tube by e l ec t rophores i s  in po lyac ry lamide  gel,  The concentra ted  
zone mig ra t e s  into the slab of gel containing an t i se rum.  Af ter  f r ee  diffusion of the antigen, 
p rec ip i ta t ion  r ings a re  fo rmed and the i r  a r e a  is p ropor t iona l  to the quantity of antigen. The 
p rec ip i t a t e s  a r e  revea led  by t r ea tmen t  with I125-antibodies against  immune s e r u m  V-globulin 
followed by nut . radiography~ 
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The mos t  sens i t ive  immunodiffusion method for  de termining  antigens is e l e e t r o p h o r e s i s - p r e e i p i t a t i o n  
in po lyac ry lamide  gel (EPPG) [1]. To the sensi t iv i ty  of the radio immunologica l  test ,  EPPG adds the spec i -  
f ici ty of immunodiffusion tes t s ,  In th is  pape r  the w r i t e r s  suggest  a m i c r o v a r i a n t  of the EPPG capable  of 
detect ing min imal  absolute quanti t ies of antigen (of the o rde r  of 10 -8 mg) in a concentra t ion of 10-5-10 -6 
m g / m l  and in a volume of 1-20/~1. The method is suitable f o r  the de te rmina t ion  of human and animal  ~ -  
fe topro te in  (AFP}. 

The pr inc ip le  of the method is i l lus t ra ted  in Fig. 1. The antigen, po lymer i zed  in concentra ted polyac-  
ry lamide  gel (PAG), is introdued into a cap i l l a ry  tube (Fig. 1, I). On e l ec t ropho re s i s  in a s tepwise  s y s t e m  
of buf fe rs  the antigen is concentra ted  and, condensed into a "mic rod rop , "  it m ig ra t e s  f rom the cap i l l a ry  
tube into a f iat  PAG slab mixed with monospeci f ie  an t i s e rum (Fig. 1, IV}. E lec t rophores i s  is stopped i m m e -  
d ia te ly  a f t e r  migra t ion  of the antigen, which diffuses f ree ly  into the gel to fo rm prec ip i ta t ion  r ings just  as 
in Mancin i ' s  method of l inear  diffusion in gel [4]. T h e a r e a o f  the ring is p ropor t iona l  to the quantitiy of an- 
tigen in the "microdrop~  To detect  min imal  quanti t ies of antigen, ve ry  high dilutions of s e r u m  which fo rm 
invisible  p rec ip i ta t ion  r ings a r e  used~ These  p rec ip i t a t e s  a re  detected by t rea t ing  the gel with I t~ -an t ibod-  
ies  against  immune s e r u m  Y-globulins followed by nu t . r ad iography  [3, 5]. 

The cap i l l a ry  tubes used in the work had an internal  d i a m e t e r  of 0.5 mm,  externa l  1 m m ,  length 35 
m m ,  and volume 7/~1 (Par t igen Dispense r ,  Behr ingwerke ,  West  Germany}.  In some exper imen t s  cap i l l a ry  
tubes with volumes  of 1, 2, 3, and 20/~1 (Labora,  Mannheim, West  Germany)  were  used,  The chamber  for  
e l ec t rophores i s  consis ted  of a g lass  slab (9 x 12 cm) with side p ieces  1.5-2 m m  high glued around it. A 
plexiglas  lid with~ slots  for  the side p ieces  and with gut ters  for  the cap i l l a ry  tubes is p laced on the g lass  
s lab.  The depth of the s lots  de t e rmines  the width of the space thus fo rmed ,  namely  0.5-006 m m .  The 20 
gut te rs  for  cap i l l a ry  tubes cons is t  of semicy l indr ica l  hollows in the plexiglas  lid 0.5 m m  deep, 1 m m  wide, 
and 30 m m  high. The lid is s m e a r e d  with seal ing compound to make an a i r t ight  joint with the sides and 
secured  with p lexiglas  sc rew c lamps .  The lower  p a r t  of the c h a m b e r  is covered  with adhesive tape.  The 
chambe r  filled with the gel is p laced in a ver t ica l  e l ec t ropho re s i s  appara tus  of any design, 

The concentra t ing gel consis ted of 4% Cyanogum 41 (Serva) in t r i s - H C 1  buffer  [0.06 M T r i s ,  HC1 to 
pH 6.7 (buffer I)] with the addition of TEMED, and also bromphenol  blue (BPB) and mouse  hemoglobin (Hb) 
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Fig. 1.  Scheme showing principles of method: I) capi l lary 
tube filled with antigen in concentrat ing gel; II) concentrat ion 
of antigen during e lec t rophores is ;  upper l imit  of re ference  
s tandards bromphenol blue (BPB) and mouse hemoglobin (Hb) 
Can be seen; III) moment  of stopping e lec t rophores is  on t r ans -  
fer r ing capi l lary tubes to a new chamber;  IV) position of r e f -  
erence  standards when e lec t rophores is  stopped in second 
chamber;  V) diffusion of antigen into gel containing ant iserum 
and formation of precipitat ion ring. 

Fig. 2, Vessel  for  labeling and washing gel slab: A) centrifuge 
j a r  with capacity 25-30 ml; B) teflon tube 1.2 mm in d iameter  
through which labeled antibodies and washing solution are  sup-  
plied and withdrawn; C) teflon tube with end covered with capron 
gauze to prevent  damage to gel; D) lead cylinder.  

as reference standards~ The concentrat ions of BPB and Hb were chosen empir ica l ly  in o rder  to give c lear ly  
visible zones during migrat ion in the capi l lary  tube. Immunodiffusion was ca r r i ed  out in l a rge -pore  gel 
made up in buffer  I in the following rat ios:  30.5% acrylamide (10 ml)* + 1% N,N' -methylene-b isaery lamide  
(10 ml)* + 38 ml buffer I + 0.1 ml TEMED ~- 75 g sucrose  + the n e c e s s a r y  quantity of ant iserum and ammo-  
nium persulfate in a concentrat ion of 1 m g / m l  [6]. 

Monospecific se ra  against human and mouse AFP [2] and AFP-conta in ing mater ia l  with a known con- 
tent of AFP were used. To determine the sensit ivity of the method a ser ies  of double dilutions were p re -  
pa red  in a solution of concentrat ing gel containing bovine se rum in a dilution of 1:400, with an antigen con- 
centrat ion of between 10 ~g /ml  and 0.1 ng/mlo Washing the slabs of gel to remove unbound protein was 
ca r r i ed  out e i ther  mechanical ly  [1] or  e lect rophoret ical ly .  Etect rophoret ic  washing was ca r r i ed  out in a 
block of 5.6% PAG consist ing of two par ts :  PAG in buffer  I (anodic par t  of the block) and PAG in t r i s - g l y -  
cine buffer  II (Tris 0.012 M, glyeine 0.19 M, pH 8.3; cathodic part) .  The height of the block was 12-14 mm, 
Slabs of gel were placed on a t r ansverse  section through the block, 2-3 mm on the anodic side of the boun- 
d a r y  between the gels.  For  this purpose,  a str ip 2-3 cm wide was cut out of the block. A cut was made at 
the required distance f rom the boundary of separat ion,  the block was divided, and slabs of PAG to be washed 
were placed on the free section of the gel. The par ts  of the block were then moved together,  the excised 
s trip of gel was replaced and, in this way, the continuity of the block was res tored .  During e lecfrophores is  
(about 2 V/cm) a Kohlrausch boundary was formed at the boundary between the buffers ,  and as it passed 
ac ross  the slabs of gel toward the anode it "extracted" all the proteins f rom them i r respec t ive  of their  
e lect rophoret ic  mobility.  For  convenience of observat ion of the moving boundary, BPB was added to the 
gel of the anodic par t  of the block before it was polymerized.  Elec t rophores is  was stopped when the moving 
boundary of BPB was 15-20 mm from the slabs of gel to be washed, which usually happened af ter  about 2 h. 

The precipi ta tes  were  labeled i n a  glass vessel  (Fig. 2) with purified monospecific sheep 's  antibodies 
against rabbit Y-globulin, labeled with I l~ (13 ~g antibodies in 1-ml 0.6-mCi 112~ in 1 mg [1]). Antibodies 
were  added to the yes sel under slight pres  sure  and were withdrawn after  incubation by means of a low vacuum. 

* In buffer  I. 
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Fig. 3. Autoradiographs of precipitat ion rings of mouse and human 
o~-fetoprotein (AFP). Mouse AFP in dilutions of 500 to 1 ng/ml .  
Ant iserum in dilution of 1:1200. Capacity of capi l lary tube 7 #1. 
Elect rophoret ic  washing at all sLages. Exposure 15 h. 

Conduct of the Experiment .  Ammonium persulfate  was added to the concentrat ing gel solution contain- 
i n g  the antigen immediately  af ter  the capi l lary tube was immersed  in i tso that the solution was drawn up 
inside the tube. After  polymerizat ion the upper end of the capi l lary  tube was cut off so as to remove the top 
meniscus of solidified gel. The capi l lary tubes were  t r ans fe r red  to a chamber  where t h e y w e r e  held in the 
corresponding gut ters .  The chamber  was f i rs t  filled with 5.6% gel in buffer  I, which was polymer ized  af ter  
immers ion  of the capi l lary  tubes in it. The electrode vesse ls  were filled with buffer II. Bubbles were 
careful ly  removed f rom the top par ts  of the capi l lary tubes. Elec t rophores is  was ca r r i ed  out at 6-8 V/cm 
and with a cur ren t  of about 10 mA; ~under these conditions BPB and Hb were  concentrated in the capi l lary 
tube into c lear ly  visible and rapidly migrat ing zones.  The mobility of these zones var ied a little in differ- 
ent capi l lary tubes and for  that reason e lec t rophores is  was stopped whenever the BPB approached the open 
end of one of the capi l lary  tubes, and that tube was t r ans fe r red  to the moist  chamber .  

After  the end of the f i rs t  stage of e lec t rophores is ,  the second chamber ,  identical in construct ion and 
dimensions with the f i rs t ,  was filled with a solution of large-pore gel containing ant iserum.  All the capil-  
lary tubes were placed in the as yet unsolidified solution, af terwhich bubbles were careful ly removed f rom 
the gel and, in par t icu lar ,  f rom the lower ends of the capi l lary tubes, for  the gel does not polymerize  at the 
boundary with the air .  After  polymerizat ion of the gel, e lec t rophores is  was continued, during which the re f -  
erence s tandards migrated simultaneously from the capi l lary tubes. E lec t rophores is  was stopped when Hb 
migrated f rom the capi l lary tube. With the recommended ratio between buffers  in the capi l lary tube and the 
slab of gel, the rate of migrat ion of proteins f rom the capi l lary tube was re tarded and the zone of antigen 
was slightly compressed ,  forming a compact  ring. 

The chamber  in the assembled form was placed in an exs icca tor  for 2 days at room tempera ture  or  
for 20 h at 37~ A thin slab of gel does not dry under the lid and free diffusion of antigen is undisturbed. 
After  incubation the lid of the chamber  was removed and a s tr ip o f  gel about 10 mm wide, containing rings 
of precipi ta tes ,  was careful ly  cut out. The str ip was t r ans fe r red  to gauze for mechanical  washing or  into 
a block of gel for  e lect rophoret ic  washing. The washed slabs were placed in a vessel  for t reatment  with 
labeled antibodies for 1 h at room temperature  and were then left overnight at 4~ After labeling the ves-  
sel was connected to a 10- l i te r  bottle for continuous washing for 15-18 h. To speed up the p rocess  of wash- 
ing out the labeled antibodies, the s labs were washed in the vesse l  for  1 h with a fast cur rent  of physiologi-  
cal saline, a f ter  which e lec t rophores is  was ca r r i ed  out as descr ibed above. Slabs of gel, flooded with 1% 
agar  and covered with moist  f i l ter  paper,  were dried under a fan and exposed overnight on RF-3  film [1]. 
By incubation at 37~ and with the use of e lectrophoret ic  washing, the resul ts  could be obtained af ter  3 days. 

Determinat ion of AFP.  Human and mouse AFP were detected in concentrat ions down to 1-2 ng/ml  by 
the use of capi l lary  tubes with capacit ies of 7 and 2 ~1. The absolute quantities of AFP were down to 5-15 
pg respect ively  pe r  sample.  On detection of the precipitat ion rings by staining the gel with Amido Black, 
visible precipi tat ion rings were found only with ant iserum in dilutions of 1:25 and 1:50, but when autoradio-  
graphy was used, they were found in dilutions down to 1:4000 and 1:8000, with a proport ional  increase  in the 
sensit ivity of the determination.  Dilutions of 1:1000 and 1:2000 were optimal for the work (Fig. 3). The 
areas  of the precipi tat ion rings, calculated f rom their  d iameters ,  were  expressed  as rat ios  of each other 
in consecutive double dilutions of antigen, with approximation toward 2. Fo r  instance,  calculations for  11 
independent experiments  gave a rat io of 1.88, with variat ion in individual experiments  f rom 1.61 to 2.25. 
Deviations fr6m two increased with a decrease  in the d iameters  of the r ings.  
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