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(14C-acetate) po r t i ons  of t h e  y-g lobul in  molecule  a n d  
a s say ing  for  specif ical ly  co-prec ip i t ab le  m a t e r i a l  in  t h e  
ex t r ace l lu l a r  fluid,  i t  m i g h t  be  poss ib le  to  d e t e r m i n e  
w h e t h e r  secre t ion  h a d  b e e n  p r e v e n t e d  b y  b lock ing  a t t a c h -  
m e n t  of t h e  c a r b o h y d r a t e .  

Our  resu l t s  i nd i ca t e  t h a t  a t  c o n c e n t r a t i o n s  c o m p a r a b l e  
to  t h o s e  e f fec t ive  in  o t h e r  cell s y s t e m s  4, h e x o s a m i n e  
inh ib i to r s ,  u n d e r  t h e s e  e x p e r i m e n t a l  cond i t ions ,  do n o t  
a l t e r  t h e  sec re t ion  of 7-globul in .  O n l y  v e r y  h i g h  concen-  
t r a t i o n s  a p p e a r  t o  r educe  t h e  a m o u n t  of specif ical ly  
co-prec ip i t ab le  c a r b o h y d r a t e  w i t h o u t  a f f ec t ing  t he  a m o u n t  

of labe l led  p r o t e i n  p r e s e n t  in t h e  ex t r ace l lu l a r  fluid.  Th i s  
would  i m p l y  t h a t  some y-g lobul in  was  secre ted  w i t h o u t  
a t t a c h e d  c a r b o h y d r a t e .  W e  c a n n o t  exc lude  t h e  poss ib i l i ty  
t h a t  t h e  x4C-acetate was  i n c o r p o r a t e d  i n to  s u b s t a n c e s  
o t h e r  t h a n  v-g lobul in  w h i c h  co -p rec ip i t a t ed  u n d e r  t h e  
p r e s e n t  condi t ions .  

Zusammenlassung. H e m m u n g  yon  H e x o s a m i n  v e r m a g  
die Sekre t ion  y o n  7 -Globu l in  d u t c h  a n t i k 6 r p e r p r o d u z i e -  
r ende  Zel len  u n t e r  in  v i t r o  B e d i n g u n g e n  n i c h t  zu ver -  
h inde rn .  Dies  k 6 n n t e  d a r a u f  h inwei sen ,  dass  u n t e r  d e n  
gewAhlten  B e d i n g u n g e n  k o h l e h y d r a t f r e i e  y -Globu l inmole -  
kt i le  seze rn ie r t  werden .  

2.5 ml cultures 
of 25 × 10 s chiclgen 
spleen cells 

HS-Ieucine (epm) C14-acetate (cpm) 

Total Co-pre- Total Co-pre- 
cipitation eipitation 

Control 4769 2928 710 243 
DON 30 lzg/ml 5229 2996 798 233 
Glucosamine 1 mg/ml 4609 2867 727 264 
DON 30 ~glml 4926 2501 745 273 
Glucosamine I mg]ml 
Control 5076 3724 740 267 
DON 150 ptg/ml 4962 3233 514 118 
Glucosamine 1 mg/ml 4701 3413 672 211 
DON 150 ~tg]ml 4270 2744 503 105 
Glueosamine 1 mg/ml 

epm, counts per minute. The values in this representative experiment 
showing total glycoprotein and co-precipitable material in extra- 
cellular fluid are the means of duplicate cultures. 
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E x t e n t  of I m m u n o g l o b u l i n  L i g h t  Cha ins  H e t e r o g e n e i t y  R e v e a l e d  by I s o e l e c t r i c  F o c u s i n g  

T h e  l i gh t  p o l y p e p t i d e  chains ,  p r e p a r e d  f rom n o r m a l  
i m m u n o g l o b u l i n s  of a v a r i e t y  of species, fo rm 8-10  
e l ec t rophore t i c  b a n d s  on  s t a r c h  or  a c r y l a m i d e  gels in  
u r e a  c o n t a i n i n g  buf fe r s  1. E a c h  e l ec t rophore t i c  b a n d  
seems to  c o n t a i n  a c e r t a i n  n u m b e r  of d i f f e ren t  k inds  of 
L-cha ins ,  a t  l eas t  5 as ca l cu la t ed  b y  CHOOLES a n d  SIN- 
GER 2, SO t h e r e  a p p e a r  to  be  40-50  d i s t i n c t  fo rms  of l igh t  
cha ins  3. 

I n  o rde r  to  p r o v e  e x p e r i m e n t a l l y  t h a t  e ach  b a n d  con-  
s is ts  of a n u m b e r  of c o m p o n e n t s  h a v i n g  t h e  s ame  t o t a l  
e lectr ic  cha rge  u n d e r  t h e  c o n d i t i o n  of e lec t rophores is ,  
we reso r t ed  to  t h e  isoelectr ic  focus ing  m e t h o d  ( I E F )  4. 
Th i s  m e t h o d  al lows in p r inc ip le  t h e  focus ing  of L -cha in s  
in to  as m a n y  b a n d s  as t h e r e  a re  k i n d s  of L -cha in s  w i t h  
d i s t i n c t  isoelectr ic  po in t s .  I E F  t u r n e d  o u t  to  be  ef f ic ient  
a t  t h e  a d v a n c e d  f r a c t i o n a t i o n  of i m m u n o g l o b u l i n s  5 b u t  
i t  was  n o t  f o u n d  s ign i f i can t  in  B e n c e - J o n e s  (B-J)  p r o t e i n s  
a n d  l i g h t  c h a i n s  ana lyses  s. 

W e  s u b m i t t e d  to  b o t h  I E F  a n d  e lec t rophores i s  OH 
a c r y l a m i d e  gels c o n t a i n i n g  urea ,  l i g h t  c h a i n s  i so la ted  
f r o m  r a b b i t  i m m u n o g l o b u l i n  G (IgG) a n d  f r o m  a h u m a n  
IgG  m y e l o m a  a n d  a n  u r i n a r y  B - J  p ro te in .  

Materials and methods. R a b b i t  a n d  h u m a n  m y e l o m a  
I g G  were  p r e p a r e d  b y  D E A E - ce l l u l o s e  c h r o m a t o g r a p h y  7. 
L i g h t  c h a i n s  were  i so la ted  b y  t h e  m e t h o d  of FLEISCHMAr~ 
e t  al. s. T h e  B - J  p ro t e in ( 2 - t ype )  was  i so la ted  f rom t he  
u r ine  of a n  I g D  m y e l o m a  p a t i e n t  b y  p r e c i p i t a t i o n  w i t h  
a m m o n i u m  s u l p h a t e  a n d  s u b s e q u e n t  gel f i l t r a t i o n  on  a 
c o l u m n  of S e p h a d e x  G-75 e lu t ed  w i t h  0 . 1 M  p h o s p h a t e  
buf fe r  p H  7.5 c o n t a i n i n g  6 M  urea.  T h e  f i r s t  p e a k  con- 

t a i n s  t h e  B - J  p r o t e i n  as d i m e r  a n d  t h e  second  p e a k  t h e  
m o n o m e r .  The  o t h e r  c h r o m a t o g r a p h i c  peaks  c o n t a i n  t h e  
u r i n a r y  pro te ins .  

E l ec t rophores i s  was  ca r r i ed  o u t  b y  a h o r i z o n t a l  t ech-  
n ique  in 6 %  a c r y l a m i d e  gels m a d e  6 M  in u r ea  s. T h e  
sl ides l e n g t h  was  8 c m  a n d  t h e  gel t h i c k n e s s  was 1.5-3 mm.  
E l ec t ropho re s i s  was  p e r f o r m e d  for  8 h for t he  r a b b i t  
L - c h a i n  a n d  4 h for  t he  L - m y e l o m a  c h a i n  a n d  u r i n a r y  
B - J  p ro te in ,  a t  a p o t e n t i a l  g r a d i e n t  of 2 V/cm.  

The  p r o t e i n  e x t r a c t i o n  f rom some e l ec t rophore t i c  
b a n d s  was  m a d e  b y  a n  e lec t ro -e lu t ion  t e c h n i q u e  s imi l a r  
to  t h a t  descr ibed  b y  L E w i s  a n d  CLARK 10. The  b a n d s  were  
p r e l i m i n a r i l y  local ized b y  r ap id  s t a in ing  of a s t r i p  c u t  
f rom t h e  l e n g t h  of t he  gel. The  p ro t e in  e lu ted  f r o m  t h e  
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same e lec t rophore t ic  band cu t  f rom 6 slides was analyzed,  
af ter  concen t ra t ion  by  dialysis agains t  a solut ion of 50O/o 
po lyv iny lpyr ro l idone  in 6 M urea. 

The  isoelectric separa t ion  was per formed using a 6% 
ac ry lamide  gel in 2% a m p h o l y t e  and 6~d urea  n.  The  
ca thodic  and  anodic  vessels were  filled w i t h  5% (v/v) 
e thy lened iamine  and phosphoric  acid solutions.  Slides 
length  was 8 cm and the  gel thickness  1.5 ram. Dur ing  
the  migrat ion,  the  current  g radua l ly  decreased f rom 
1.5 m A / c m  to 0.1 mA/cm,  reaching  a cons tan t  va lue  
af ter  9 h  for a grad ien t  p H  3-10 and af ter  4 h for a 
grad ien t  p H  5-8. Gels wi th  ampho ly t e s  r emoved  by  
repeated  washing wi th  a 5% t r ichlorace t ic  solut ion were 
s ta ined wi th  amido-black.  For  rap id  s ta in ing the  tech-  
n ique  of A'~VDEH z~' was used. 

Results and discussion. The e lec t rophore t ic  and  I E F  
separa t ions  of t he  rabb i t  L-chains  are i l lus t ra ted  in 

F igure  1. The  7-8 bands,  which are ob ta ined  usual ly  by  
ac ry lamide  gel electrophoresis  in the  presence of 6 M  
urea, are  separa ted  into  20 bands  by  I E F  real ized in the  
g rad ien t  3-10 in presence of 6 M  urea. This  f inding 
suggests t h a t  each  e lec t rophore t ic  band  can  be  separa ted  
into  abou t  3 L-f rac t ions  which  differ  in the i r  isoelectric 
points.  

Our  results,  t h a t  the  L-chain  appears  more  hetero-  
geneous by  I E F ,  is in ag reemen t  w i th  the  observa t ion  of 
AWDEH et  al. ~ t h a t  some rabb i t  and mouse immuno-  
globulins can be separa ted  into more  t h a n  10 bands  by  
I E F .  The  isoelectric he te rogene i ty  of immunoglobu l ins  
seems to be decided by  the i r  F a b  f r agmen t  which presents  
a s imilar  isoelectric he te rogene i ty  to  t h a t  of  the  L-chains,  
while  t he  Fc  f r agmen t  appears  more  homogeneous  ~. 

B y  I E F  the  pro te ins  e lu ted  f rom the  e lec t rophore t ic  
band  5 or  6 (Figure 1 a) show 2-3 close bands.  The  fact  t h a t  

7 6 5 4 3 2 1 

+ 

Fig. 1. Electrophoresis and IEF of rabbit L-chains in acrylamide 
gel. a) Electrophoresis; b) focusing in the gradient pH 3-10. 

' 2 
Fig. 3. Electrophoresis and IEF of the urinary B-J  protein in 
acrylamide gel. a) Eleetrophoresis; b) focusing in the gradient 
pH 5-8. 

~ ' t  I' .............. :s 

+ 

Fig. 2. Electrophoresis and IEF of human myeloma L-chains in 
acrylamide gel. a) Electrophoresis; b) focusing in the gradient 
pH 3-10; c) focusing in the gradient pH 5-8. 

in a single e lec t rophore t ic  band there  exis t  2-3 isoelectric 
fractions,  was conf i rmed wi th  L-chains  isolated f rom 
m y e l o m a  IgG, which  present  a l imi ted  degree of hetero-  
gene i ty  (Figure 2a). By  I E F  in t he  g rad ien t  3-10 th is  
L-cha in  was separa ted  into  5 bands  (F igure  2b). I n  a narr -  
ower grad ien t  (pH 5-8) the  mye loma  L-chain  appears  more  
he terogeneous ;  excep t  for the  v e r y  intense band  on the  
start ,  4 bands  were ra ther  intense by  s ta ined and o ther  
4 bands  so weak ly  s ta ined t h a t  i t  was not  possible to 
record t h e m  (Figure 2 c). 

The  presence of the  v e r y  fa in t  bands  in the  isoelectric 
pa t t e rn  can be de te rmined  by  normal  L-cha in  t races  
which  could exis t  in the  m y e l o m a  L-chain.  The  o the r  4 
more  intense bands  f rom Figure  2c, o r  t he  2 in tense  
bands  s i tua ted  before t he  s ta r t  f rom Figure  2b, c anno t  
proceed f rom the  normal  L-cha in  because t h e y  represen t  
abou t  20-30% of t he  ma jo r  pro te in  f rac t ion localized 
a t  the  start ,  therefore  exceeding the  normal  L-cha in  
percentage  which m a y  exis t  in the  analyzed  m y e l o m a  
L-chain  prepara t ion .  However ,  to e l imina te  this  suspicion 
we analyzed  a B-J prote in  which was isolated f rom urine 
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prac t i ca l ly  free of normal  L-chain  ~4. In  the  F igure  3 is 
shown t h a t  t he  B - J  protein,  r a ther  homogeneous  by  
electrophoresis ,  is separa ted  in to  5 bands,  3 of t hem 
being in tensely  stained.  

Our  results  show t h a t  t he  isoelectric he te rogene i ty  of 
the  normal  and pathologica l  L-chains  is cons iderably  
gra te r  t h a n  is indica ted  by  electrophoresis .  

The  isoelectric he te rogene i ty  of the  L-chains  could 
arise f rom the  a l te ra t ion  of some labile groups on its 
surface, dur ing  the  reduct ion  of the  disulphide bonds,  as 
AWDEtt et  al. x5 recent ly  suggested.  Because  the  B- J  
pro te in  ana lyzed  was no t  subjec ted  to any  reduct ion,  
i t  is no t  impossible t h a t  the  charge proper t ies  a l te ra t ion  
of this  pro te in  t ake  place in blood or  urine, af ter  i ts 
secret ion by  the  cells. AwI)Ea et  al.le have  demons t r a t ed  
tha t ,  i m m e d i a t e l y  af ter  i ts synthesis,  the  mouse  mye-  
loma IgG 2 becomes v e r y  susceptible to  a l te ra t ion  of its 
charge proper t ies  and bo th  inside and outs ide  the  cells 
the  IgG,  presents  an  increased isoelectric heterogenei ty .  

The  I E F  is able to separa te  those L-chain  var ian ts  
which  present  differences in thei r  isoelectric points  and 
i t  seems possible, using this  technique,  to show differences 
of he te rogene i ty  be tween  different  L-chain  prepara t ions  aL 

Zusammen/assung. Die K a n i n c h e n - L - K e t t e  wurde  bei  
der  E lek t rophorese  in 7-8 und bei der  Isoelektrofokusie-  
rung in 20 F rak t iouen  aufget rennt .  Die mie lomat6se  
L - K e t t e  wurde  durch  E lek t ro fokus ie rung  bei p H  3-10 
in 5 und bei p H  5-8 in 8-9  F rak t ionen  aufge t rennt .  F i inf  
F rak t ionen  weis t  das bei gew6hnl icher  E lek t rophorese  
homogen erscheinende Bence-Jones-Pro te in  bei p H  5-8 auf. 
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'Hypothalamic Deafferentation' and Gonadotropin Secretion 

FRASCHINI and 1VIOTTA 1 repor ted  in 1967 t h a t  in adult ,  
normal ,  male  ra ts  of the  Sprague-Dawley  s t ra in  caged 
under  s t andard  l ight  condi t ions  (14 h of l ight  beginning 
a t  06.30 h, 10 h of dark) there  is a d iurnal  cycle in the  
levels  of  gonadot ropins  s tored  in the  anter ior  p i tu i ta ry .  
A peak  of  follicle s t imula t ing  hormone  (FSH)  and of 
lu te in iz ing  hormone  (LH) concent ra t ions  was observed  
to  occur  in t he  af ternoon,  be tween  16.00 h and 18.00 h. 
Severa l  repor ts  of t he  same l abora to ry  have  subsequen t ly  
conf i rmed these  f indings 2, 3. This  d iurnal  cycle appa ren t l y  
does no t  exis t  in adult ,  male  ra ts  of  t he  H o l t z m a n  s t ra in  4. 

I t  has  been proposed  t h a t  t he  d iurnal  var ia t ions  in the  
concent ra t ions  of p i t u i t a r y  gonadot rop ins  found in male  
an imals  m i g h t  be  due  to  t he  inf luence of pineal  princi-  
ples 3. I t  is known t h a t  t he  biosynthesis  of  t he  pineal  
pr inciples  me la ton in  and  5 -me thoxy t ryp topho l  is cyclic 
in nature ,  and  is s t r i c t ly  regula ted  by  the  l igh t -dark  
schedule to  which  the  an imals  are  exposed s: t he  synthesis  
of  p inea l  me thoxy indo les  is inhibi ted  dur ing  the  day  and  
is ac t iva t ed  dur ing  the  night ,  because l ight  inhibi ts  t he  
a c t i v i t y  of t he  enzyme  hydroxy- indo le -o-methy l - t rans -  
ferase (HIOMT) which  is essential  for in t roduc ing  the  
m e t h o x y  group on the  indole molecule.  Moreover ,  
mela ton in  seems to  be a specific inh ib i to r  of the  synthesis  
of L H  3, e-s, whi le  5 -me thoxy t ryp topho l  specifically blocks 
t he  fo rmat ion  of F S H  3, 7-3. 

I t  has  recent ly  been demons t r a t ed  t h a t  ra ts  submi t t ed  
to  a comple te  ' hypo tha l amic  deaf fe ren ta t ion '  according 
to HAL.~SZ I° t echn ique  do no t  show the  d iurnal  cycles 
of p la sma  cor t icosterone levels x°, 11 and of p i t u i t a ry  
A C T H  concentrat ions1°,  12 which are  usual ly  found in 
normal  animals.  'Deaf fe ren ted '  rats  lose klso the  ab i l i ty  
of releasing gonadot rop ins  cycl ical ly  a0. 

I t  was deemed of in teres t  to  inves t iga te  whe the r  adult ,  
normal  male  ra ts  of the  Sprague-Dawley  strain,  kep t  in 
condi t ions  ident ica l  to  those described in the  papers  by 
the  Milan group l-s, m igh t  re ta in  the  diurnal  cycle in 
p i t u i t a ry  gonadot rop in  concent ra t ion  8 days  a f te r  being 
submi t t ed  to a comple te  ' hypo tha lamic  deaf ferenta t ion ' .  

Materials and methods. Mature,  Sprague-Dawley  male  
ra ts  were used in th is  s tudy.  They  were al lowed a s t andard  
ra t  pellet  diet  and wa te r  ad l ib i tum.  A comple te  'hypo-  
tha lamic  deaf fe ren ta t ion '  was per formed on 4 groups of 
rats  (12 an imals  per  group) using the  t echn ique  by 
HAL~,SZ 1°,11 and  a S toe l t ing  s tereotaxic  ins t rument .  At  
t ime  of au topsy  (8 days  fol lowing the  operat ion)  each 
group was subd iv ided  into 2 sub-groups:  the  first  one 
was kil led a t  10 .00h ;  the  second was sacrificed a t  
16.00 h. 

Fo r  the  assays of L H  and  F S H ,  the  an te r ior  p i tu i t a ry  
lobes of each  sub-group of an imals  were pooled and 
homogenized.  L H  was assayed by  the  ovar ian  ascorbic 
acid dep le t ion  m e t h o d  of PARLOW 13 as modif ied by  
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