
]~XPERIENTIA 25/3 Specialia 263 

The Uptake and Rate of Clearance of ~25I 7G Globulin in Lampreys (Lampetra fluviatilis) 

Lampreys  are considered to be the  living represen ta t ives  
of the  mos t  p r imi t ive  ver tebra tes .  Studies  d i rec ted  toward  
the  dem ons t r a t i on  in these  animals  of the  fo rmat ion  of 
specific ant ibodies  af ter  in ten t iona l  s t imulat ion,  have  me t  
wi th  l i t t le success; wi th  mos t  of the  ant igens  used the  
an t i body  response was ent i re ly  absen t  1-3. Ant ibodies  
were shown to be p roduced  in response to Brucella abortus 
by  FINSTAD and GOOD 3. Recent ly ,  MARCHALONIS and  
EDELMAN 4 have  de tec ted  a feeble i m m u n e  response  in 
Petromizon mar inus  in jec ted  wi th  bacter iophages .  The 
neut ra l iza t ion  of bac te r iophages  by  the  i m m u n e  sera was 
found to  be ex t r eme ly  weak in compar ison  wi th  the  
ac t iv i ty  observed in amph ib i a  and mammals .  

In  th is  paper  we describe the  results  of in jec t ing  
l ampreys  wi th  a soluble ant igen.  The up take  of the  an t igen  
and  its ra te  of clearance was s tudied  using h u m a n  7G 
molecules labelled wi th  12~I. 

Materials  and methods. Sexually ma tu r e  l ampreys  
(Lampetra f luviati l is)  were collected over  a per iod of 3 
years  f rom the  r iver  Severn;  groups of animals  were 
kep t  in separa te  t anks  a t  app rox ima te ly  16~ 

H u m a n  yG globulin was separa ted  by  DEAE-cel lu lose  
ch romatographyS;  iodinat ion wi th  12BI was carried out  
following the  m e thod  descr ibed by  MCFARLANE*. The 
au to rad iog raphy  of the  t issue sections and cell smears  
were p repared  using a s t r ipping  film techn ique  T; af ter  
3 weeks the  films were developed on the  glass slides and  
the  p repara t ions  were s ta ined  s. 

The presence  of an t ibodies  agains t  7G molecules was 
s tudied  using t anned  h u m a n  red cells coa ted  wi th  7G 
globulin 9 and Rh-pos i t ive  red cells sensi t ized wi th  an 
incomple te  an t i -D an t i body  previously  shown to be 
associated wi th  7G globulin 5. Serial doubl ing di lut ions 
in buffered saline of the  l amprey  sera were p repared ;  4 
volumes of each di lut ion were mixed  wi th  1 volume of a 
5% suspension of t anned  red cells coated wi th  h u m a n  
7G molecules or wi th  1 volume of a 5% suspension of 
Rh-pos i t ive  red cells sensi t ized wi th  anti-I) .  

W h e n  t anned  red ceils were used, the mix tu res  were 
left in t e s t  tubes  at  20 ~ for 90 rain; the  depos i ted  cells 
were then  examined  microscopically.  The final s tage of 
the  tes t  using red cells sensi t ized wi th  ant i -D was carried 
out  on opal t i les;  the  mix tu res  were examined  macro-  
scopically af ter  15 rain. 

Results and discussion. In  a pre l iminary  exper iment ,  10 
l ampreys  were in jec ted  i.p. wi th  a 4% solution of E v a n s  
blue; 3 h af ter  the  last  in ject ion the  animals  were killed. 
The macroscopic  examina t ion  of the  organs showed t h a t  
the  k idney  and the  last  por t ion  of the  in tes t ina l  t r ac t  
were un i formly  s ta ined blue; the  liver, however,  did no t  
appear  to con ta in  the  dye. A p a r t  f rom occasional  s t reaks  
on the  surface of the  organs, the  dye  did no t  appear  to  
be locally concent ra ted .  Fol lowing the  in ject ion of the  
dye, granules of E v a n s  blue were observed in several  
per i toneal  cells. 

To s tudy  the  in v i t ro  up take  of the  dye, cells f rom 
the  per i toneal  cavi ty  of un t r ea t ed  l ampreys  were sus- 
pended  in a 4% solut ion of E v a n s  blue conta in ing  20% 
of l amprey  serum. The mix tu res  were left a t  20, 16, 12 
and  8 ~ for 1 h. Only a few cells incuba ted  a t  20 ~ were 
found to conta in  granules of E v a n s  blue; the  op t ima l  
up take  of the  dye was observed when  the  ceils were 
incuba ted  at  12~ 

Inves t iga t ions  on the  up take  of h u m a n  7G globulin 
labelled wi th  12~I were carried out  using an autoradio-  
graphic technique .  

One group of 4 l ampreys  was in jec ted  wi th  1.5 mg of 
12sI labelled 7G globulin (3.35 txc/mg 7G globulin) into 

the  per i toneal  cavi ty.  3 h af ter  the  in ject ion the  animals  
were killed and samples  of blood and  t issues were col- 
lected. Cells f rom the  per i toneal  cav i ty  were washed  3 
t imes  and smears  were made  on glass slides. 

Ev idence  of selective f ixat ion of 1251 TG molecules was 
observed in some oer i toneal  cells; these  cells were mor-  
phological ly dis t inguishable  f rom o the r  cells p resen t  in 
the  per i toneal  cavity,  since they  conta ined  a poly loba te  
nucleus (Figure 1). The a m o u n t  of the  labelled an t igen  
f ixed by  these  per i toneal  cells, as judged  by  the  n u m b e r  
of rad ioac t ive  grains p resen t  in each cell, var ied wi th in  
wide l imits  in each animal ;  some cells were found to 
be weakly  labelled (Figures 1A and  B) and  ye t  o the r  
cells in the  same animal  were s t rongly  labelled (Figures 1 C 
and D). 

The liver conta ined  much  radioac t iv i ty .  Grains were 
p resen t  in bo th  the  p a r e n c h y m a l  cells and macrophages .  
They  were par t icu lar ly  numerous  in the  macrophages .  
Very  l i t t le ac t iv i ty  was p resen t  in s t r ia ted,  s mo o t h  and 
cardiac muscle. Sect ions of the  gill region showed much  
evidence of radioact iv i ty .  The grains were mos t  numerous  

Fig. 1. Autoradiography of peritoneal cells from a lamprey injected 
with 125I 7G globulin. The cells were collected froln 1 animal 3 h 
after the injection of the labelled antigen. 
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in t h e  connec t ive  t i ssue  s t r o m a  a n d  r o u n d  t he  car t i lage  
a t  t he  base  of the  gill. Less ac t i v i t y  was p r e s en t  in t he  
gill f i laments .  W i t h i n  t he  gill a rea  t he  r ad i oac t i ve  gra ins  
a p p e a r e d  b o t h  in t h e  in te rce l lu la r  t issue a n d  in t he  cyto-  
p l a s m  of m o n o n u c l e a r  cells. The  k idneys  showed  l ight,  
b u t  diffuse a n d  widespread  s t r om a l  r ad ioac t iv i ty .  Nu-  
merous  gra ins  were p r e s e n t  witlain t he  rena l  t u b u l a r  
ep i the l ia l  cells. Some of t h e  sub-serosal  m o n o n u c l e a r  ceils 
c o n t a i n e d  m u c h  ac t iv i ty .  T he  in te s t ine  c o n t a i n e d  radio-  
ac t ive  gra ins  in  t he  s u b m u c o s a l  connec t ive  t i ssue;  t he  
m a j o r i t y  of a c t i v i t y  a p p e a r e d  re l a t ed  to m o n o n u c l e a r  
cells. I n  t he  p h a r y n x  some gra ins  were p r e s en t  in mono-  
nuc lea r '  cells b u t  genera l ly  l i t t le  a c t i v i t y  was seen in th i s  
tissue. The  p h a r y n g e a l  ep i the l ium c o n t a i n e d  no  grains.  

I n  order  to  see if t h e  f ixa t ion  of '~5I yG molecules  
increased  in an ima l s  p rev ious ly  t r e a t e d  w i t h  t he  ant igen ,  
5 l ampreys  were in jec ted  w i t h  0.4 m g  of yG globul in ,  
twice  a t  an  i n t e r v a l  of 1 week. Two of these  an ima l s  died 
soon a f t e r  t he  second in jec t ion .  6 days  a f t e r  t h e  las t  
i n j ec t ion  t he  r e m a i n i n g  3 l ampreys  and  3 u n t r e a t e d  
an ima l s  were in jec ted  w i t h  2 m g  of 12sI yG globul in  
(1.5 tzc/mg yG globul in) .  3 h l a t e r  t he  l a m p r e y s  were 
kil led and  samples  of b lood  and  organs  collected. W h e n  
t he  u p t a k e  of t he  label led an t i gen  b y  t he  pe r i tonea l  cells 
was  c o m p a r e d  in these  2 groups  of an imals ,  no differences  
in  t he  d i s t r i b u t i o n  of t h e  label led a n t i g e n  were obse rved  ; 
in  fact ,  t h e  pe rcen t age  of t he  cells label led  and  t he  
n u m b e r  of gra ins  in  each  cell were similar .  

To s t u d y  t he  r a t e  of c learance  of yG molecules  1 g roup  
of u n t r e a t e d  an ima l s  a n d  1 group of l a m p r e y s  p r e t r e a t e d  
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Fig. 2. Rate of clearance of 1'5I yG in lampreys previously injected 
with yG globulin (open circles) and in untreated animals (black 
circles). Radioactivity due to 125I is expressed as 1000 epm X 
0.1 ml serum (see Table). 

Rate of clearance of 125I yG in lampreys 

Lamprey Sex Weight h after cpm 
No. (g) injection of 

l~I yG 

Pre-treated 

L 22 F 31.8 1 6,100 
L 23 F 42.6 6 15,900 
L 24 M 40.2 24 10,200 
L 25 M 36.6 48 4,300 
L 26 F 38.1 72 2,100 

Untreated 
L 17 F 32.5 1 3,900 
L 18 F 39.5 6 9,200 
L 19 M 42,4 24 14,300 
L 20 M 34.5 48 11,800 
L 21 F 36.0 72 10,100 

Lamprey pre-treated with yG globulin and untreated were injected 
with 12sI yG and killed at various intervals after the injection. 

w i t h  the  a n t i g e n  were in jec ted  w i t h  135I yG. E a c h  group  
con ta ins  5 l a m p r e y s ;  t he  an ima l s  of t he  second group  
were in jec ted  i.p. 3 t i m e s  a t  i n t e rva l s  of 3 days  w i t h  
0.4 mg  yG g lobul in ;  4 days  a f t e r  t he  las t  i n j ec t ion  these  
an ima l s  a n d  5 u n t r e a t e d  l a m p r e y s  were in jec ted  i.p. w i t h  
125I label led  yG molecules.  One a n i m a l  in each  group was 
ki l led 1, 6, 24, 48 and  72 h a f t e r  t he  in jec t ion  of t h e  
label led a n t i g e n ;  samples  of b lood were t aken .  

The  Tab le  shows the  resu l t s  of t e s t i n g  the  r a d i o a c t i v i t y  
of the  l a m p r e y  sera ;  t he  Tab le  also ind ica tes  t he  sex a n d  
we igh t  of t he  animals .  I t  was found  t h a t  t he  levels of 
label led yG globul in  fell more  r ap id ly  in t he  p r e t r e a t e d  
an ima l s  t h a n  in  t he  u n t r e a t e d  l a m p r e y s  (Figure 2); in  
fact,  72 h a f te r  t he  in jec t ion  of t he  label led an t igen  t h e  
res idual  r ad ioac t i v i t y ,  expressed  as a pe rcen t age  of t he  
m a x i m a l  a c t i v i t y  obse rved  in each  group,  fell to  12% in 
t h e  p r e t r e a t e d  l a m p r e y s  a n d  to  70% in t he  u n t r e a t e d  
animals .  

These  f ind ings  sugges ted  t h a t  an t ibod ie s  aga ins t  yG 
globul in  were p roduced  in t he  an ima l s  r e p e a t e d l y  in jec ted  
w i t h  the  a n t i g e n ;  however ,  a t t e m p t s  to  de t ec t  c i rcu la t ing  
an t ibod ie s  were unsuccessful .  12 l a m p r e y s  were in jec ted  
3 t imes  a t  i n t e rva l s  of 1 week  w i t h  0.4 m g  of yG globul in  
p rev ious ly  h e a t e d  a t  63~ for 3 0 m i n ;  4 an imal s  died 
d u r i n g  t he  t r e a t m e n t ;  t he  r e m a i n i n g  8 l ampreys  were 
ki l led 8 days  a f t e r  t he  las t  in jec t ion .  

An t ibod ie s  aga ins t  h u m a n  yG g lobul in  were no t  de tec ted  
in t he  sera  us ing  t a n n e d  red  cells of the  l ampreys  pre-  
v ious ly  in jec ted  w i t h  t he  an t igen ,  coa ted  w i th  yG globul in  
or Rh-pos i t i ve  cells sensi t ized w i t h  yG ant i -D.  Nega t ive  
resu l t s  were also o b t a i n e d  w h e n  these  sera were t e s t ed  
us ing  t he  single di f fus ion a n d  doub le  di f fus ion in aga r  
gel 10. 

FINSTAD and  GOOD s h a v e  i n v e s t i g a t e d  in Petromizon 
marinus t h e  capac i ty  to  clear b o v i n e  a l b u m i n  a n d  
y-globul in ;  a f te r  a t  leas t  2 an t igen ic  s t imu la t i ons  no  
r ap id  c learance  of these  2 an t igens  was observed.  I t  
seems possible  t h a t  t he  d i f fe ren t  doses of a l b u m i n  a n d  
y-globul in  in j ec ted  m a y  be respons ib le  for t he  persistence,  
ove r  p ro longed  periods,  of t he  an t i gens  in t he  c i rcu la t ion  
of t he  P. marinus s tudied.  

Our  o b s e r v a t i o n  t h a t  the  r a t e  of c learance  on  yG 
molecules  is increased  in l a m p r e y s  p r e t r e a t e d  w i t h  t he  
an t igen ,  a l t h o u g h  c i rcu la t ing  an t ibod ie s  a p p e a r  to  be  
absen t ,  is in  good a g r e e m e n t  w i t h  t he  resul t s  pub l i shed  
b y  NELSTROP et  al. u,  who  obse rved  an  increased r a t e  
of c learance  of b a c t e r i o p h a g e  in P. marinus prev ious ly  
in jec ted  w i t h  t he  an t igen ,  in t he  a p p a r e n t  absence  of 
h u m o r a l  an t ibod ie s  13. 

Zusammen/assung. L a m p r e t e n  w u r d e n  m i t  mensch-  
l i chem 135I-markierten, y -Globul in  inj izier t ,  u n d  die Auf-  
n a h m e  u n d  A b g a b e  des An t igens  w u r d e n  un t e r such t .  Der  
Or t  der  A u f n a h m e  des An t igens  wurde  a u t o r a d i o g r a -  
ph i sch  b e s t i m m t .  
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