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Infolge e iner  A k t i v i e r u n g  der  Nebensch i lddr f i sen  d u r c h  
d~e expe r imen te l l e  C a l c i t o n i n z u f u h r n ,  ~2 dt i r f te  auch  das  
P a r a f h o r m o n  bei  der  A k t i v i t / i t s v e r m i n d e r u n g  der  Iso- 
c i t r a t - D e h y d r o g e n a s e  ~3 in den  P inea lze l len  eine l~olle 
spielel~. S c m i t  schl iessen w i t  aus  unse ren  Befunden ,  dass  

11 I~. ALTENXHR, Virchows Arch. Path. Anat. 357, 122 (1970). 
12 S. BELLWlNKEL, G. DELLING und R. ZIECSER, Z. ges. exp. Med. 

156, 239 (1971). 
is D. K. PARKINSOX und I. C. RADDE, in Calcitonin 1969, Proceedings 

of the Second International Symposium (W. Heinemann, London 
1970), p. 471. 

14 Das Schweinecalcitonin wurde uns in dankenswerter Weise vonder 
Firma Ciba-Geigy AG, Basel, zur Verftigung gestellt. 

das  Calc i tonin  14 n i c h t  n u r  d i rekt ,  sonde rn  auch  i nd i r ek t  
eine h e m m e n d e  W i r k u n g  auf  die Zirbeldr i ise  ha t .  

Rdsumd. Apr6s in ject ion,  p e n d a n t  2, 4 et  8 semaines ,  de 
300 MRC microun i t6s  de Calc i tonine  porc ine  ~ des r a t s  
W i s t a r  males  de 250 g, on  a consta t6 ,  p a r  des m6 thodes  
h i s toenzymolog iques ,  une  d i m i n u t i o n  de l ' ac t iv i t6  des 
g landes  pin6ales.  

R. KRSTId u n d  E. TARSOLu 

Histologisch-Embryologisches Insti tut  der Universitiit, 
Rue du Bugnon 9, CH-7077 Lausanne (Schweiz), 
24. Apr i l  7972. 

The Electrophoretic Mobility of Somatic  Cell Hybrids 

Al t e r a t i ons  of t he  cell surface electr ic  cha rge  a r iz ing  
f rom the  r e m o v a l  or a d d i t i o n  of ionogenic  groups  can  be 
de t ec t ed  in a qu i t e  s a t i s f ac to ry  m a n n e r  b y  u t i l iz ing  t he  
t e c h n i q u e  of cell e lec t rophores is .  Changes  of th i s  n a t u r e  
are usua l ly  expressed  as changes  in t h e  cell e l ec t rophore t i c  
m o b i l i t y  and  surface  cha rge  dens i ty .  Since t he  e lectro-  
pho re t i c  m o b i l i t y  and  surface  cha rge  d e n s i t y  ref lect  ne t  
changes  a t  t he  surface  ( the q u a n t i t y  a n d  q u a l i t y  of w h i c h  
m a y  be  con t ro l l ed  b y  t he  cell genome),  i t  was  of i n t e r e s t  to  
explore  t he  surfaces  of in te rspec i f ic  soma t i c  cell h y b r i d s  
a n d  t h e i r  p a r e n t a l  lines. I t  shou ld  be  n o t e d  t h a t  h y b r i d s  
are p a r t i c u l a r l y  su i t ab l e  for these  t y p e  of s tud ies  s ince 1. 
b o t h  p a r e n t a l  sets  of c h r o m o s o m e s  are  f u n c t i o n a l  in  t he  
hybr id ,  and  t he  hybr id ,  therefore ,  exh ib i t s  t h e  h e r e d i t a r y  
cha rac te r i s t i c s  of b o t h  p a r e n t  cells, a n d  2. t h e  h y b r i d s  lose 
some of t h e i r  ch romosomes ,  w h i c h  p e r m i t s  a s s i g n m e n t  of 
s ingle  gene -p roduc t s  to  specific ch romosomes .  

The  a im  of t he  p r e sen t  s t u d y  was to  c o m p a r e  t he  electro-  
k ine t i c  b e h a v i o r  of h y b r i d s  b e t w e e n  h u m a n  dip lo id  sk in  
f i b rob l a s t s  and  aneup lo id  mouse,  or h a m s t e r  cells, w i t h  
t he  e lec t rok ine t ic  b e h a v i o r  of t h e i r  p a r e n t a l  lines. Since 
c h r o m o s o m a l  s tud ies  h a v e  revea led  t h a t  m o s t  of t he  hu-  
m a n  c h r o m o s o m e s  in these  h y b r i d s  h a v e  been  lost, i t  was  
of i n t e r e s t  to  d e t e r m i n e  w h e t h e r  a n  in te rspec i f ic  h y b r i d  
ca r ry ing  on ly  a few h u m a n  c h r o m o s o m e s  would  e x h i b i t  
a l t e red  e lec t rok ine t i c  behav io r .  

Materials and reef, hods. The  e lec t rok ine t i c  b e h a v i o r  of 
h y b r i d s  b e t w e e n  h u m a n  diploid  sk in  f ib rob las t s  ( s t ra ins :  
Ms58, Ms63, a n d  Ms64) a n d  aneup lo id  mouse  (cell l ine  A9),  
or S y r i a n  h a m s t e r  (cell l ine T G  2, k i n d l y  p r o v i d e d  b y  Dr.  
LITTLEFIELD) cells (Table),  was  c o m p a r e d  w i t h  t h e  elec- 
t r o k i n e t i c  b e h a v i o r  of e i t he r  of t h e i r  pa ren t s .  The . ce l l s  
were h y b r i d i z e d  b y  Drs.  M. SINISCALCO a n d  K. H. GRZZ- 
SCHIK u t i l i z ing  i n a c t i v a t e d  Senda l  virus .  The  h y b r i d s  were 
selected in m e d i u m  c o n t a i n i n g  h y p o x a n t h i n e ,  a rn inop te r in ,  
t h y m i d i n e ,  and  glycine  (HAT)1 a n d  m a i n t a i n e d  in t he  
same m e d i u m  for 3-7  m o n t h s  p o s t - h y b r i d i z a t i o n .  The  
p a r e n t a l  cell l ines were g rown  in m i n i m a l  essent ia l  me-  
d ium.  Cells were p r e p a r e d  for k a r y o t i p i n g  accord ing  to  
c o n v e n t i o n a l  me thods .  

P r io r  to  e lec t rophores is ,  con f luen t  cell cu l tu res  were 
r ap id ly  w a s h e d  in Ca- a n d  Mg-free MEM, a n d  t r yps i n i zed  
for 60-90 sec in 0 .25% t r y p s i n  a t  37~ T he  cells were pre-  
pa red  for e l ec t rophore t i c  m o b i l i t y  m e a s u r e m e n t s  b y  
wash ing  and  r e s u s p e n d i n g  in E a r l e ' s  b a l a n c e d  sa l t  solu- 
t i on  (ionic s t r e n g t h  0.160) a t  p H  7.2. T he  cell e lec t ropho-  
re t ie  m o b i l i t y  was  m e a s u r e d  a t  37~ ill a cy l indr i ca l  t u b e  
a p p a r a t u s  2. The  cells were t i m e d  across a d i s t ance  of 
13.3 izm in  a 3.22 V / c m  field g r a d i e n t  w h e n  1.95 m A  of 

c u r r e n t  was flowing. The  re l i ab i l i ty  of t he  i n s t r u m e n t  was  
a sce r t a ined  b y  ca l i b r a t i ng  aga ins t  t he  c o n s t a n t  e lectro-  
pho re t i c  m o b i l i t y  va lues  for h u m a n  red b lood ceils re- 
p o r t e d  in t he  l i t e ra ture3 .  

Results. The  resul t s  f rom the  e l ec t rophore t i c  m o b i l i t y  
m e a s u r e m e n t s  (Table) h a v e  i nd i ca t ed  t h a t  t he  electro-  
k ine t i c  p rope r t i e s  of our  h y b r i d s  were s imi la r  ( P  > 0.02), 
or iden t i ca l  ( P  < ,  > 0.05) to  t h e  e lec t rok ine t i c  p roper t i e s  
of t h e i r  mouse  or h a m s t e r  p a r e n t a l  line. I n  all  ins tances ,  
however ,  t he  e l ec t rophore t i c  m o b i l i t y  va lues  for t h e  hy-  
br id  cells were s ign i f i can t ly  d i f fe ren t  ( P  < 0.01, or 0.001) 
f rom the  va lues  d e t e r m i n e d  for t h e i r  h u m a n  p a r e n t a l  lines. 

Discussion. K a r y o t y p e  ana lyses  h a v e  i n d i c a t e d  t h a t  t he  
in te rspec i f ic  h y b r i d s  u t i l ized in th i s  s t u d y  h a v e  lost  m o s t  
of t h e i r  h u m a n  ch romosomes  and  h a v e  k e p t  v i r t u a l l y  t he  
en t i r e  or t he  doub le  genome  of t he  mouse  or h a m s t e r  
(Table).  Th i s  s p o n t a n e o u s  e l i m i n a t i o n  of h u m a n  chromo-  
somes is a well  e s t ab l i shed  t r e n d  a f fec t ing  in te rspec i f ic  
h y b r i d s  b e t w e e n  h u m a n  and  mouse,  or h a m s t e r  cell po- 
p u l a t i o n s  4, 5. 

The  t r ue  n a t u r e  of our  hybr ids ,  however ,  was i n d i c a t e d  
b y  t h e  fac t  t h a t  t he  cells were able  to  grow in H A T  me-  
d ium,  for wh ich  t he  presence  of t he  h u m a n  X - c h r o m o s o m e  
is necessa ry  1. I n  t h i s  connec t ion ,  t he  e n z y m e  ana lyses  per-  
fo rmed  on all  h y b r i d  t ypes  i nd i ca t ed  t he  presence  of glu- 
cose 6 - p h o s p h a t e - d e h y d r o g e n a s e  a n d  3 -phosphosy lce ra t e  
k inase  of t h e  h u m a n  type .  This  conf i rmed  t h e  p resence  of 
t he  h u m a n  X - c h r o m o s o m e  in t h e  hybr ids ,  to  w h i c h  t h e  
genes assoc ia ted  w i t h  t he  p r o d u c t i o n  of t he  above  enzyme s  
are l inked.  F u r t h e r m o r e ,  u p o n  k a r y o t y p e  analysis ,  h y -  
b r ids  B82/Ms2 a n d  TG2/Ms63  revea led  t h e  p resence  of 
18 and  2 au tosomes ,  respect ive ly ,  in  a d d i t i o n  to  t h e  mouse  
or h a m s t e r  genomes  (Table).  

Our  p r e l i m i n a r y  resu l t s  (Table) t e n d  to  i nd i ca t e  t h a t  
s ign i f i can t  changes  in t he  e lec t rok ine t i c  p rope r t i e s  of t he  
in terspeci f ic  h y b r i d s  b e t w e e n  h u m a n  a n d  mouse,  or h a m s t -  
er, cell p o p u l a t i o n s  m a y  no t  be  b r o u g h t  a b o u t  b y  t he  pre-  
sence of a few h u m a n  c h r o m o s o m e s  in t he  h y b r i d  genome  
(a l though  in some ins t ances  P > 0.02). S tudies  on  soma t i c  

1 j .  LITTLEFIELD, Science 145, 709 (1964). 
2 A. D. InANGHAM, D. ~{. HEARD, R. FLEMANS and G. V. SEAMAN, 

Nature, Lond. 782, 642 (1958). 
R. S. HARTMAN, J. B. BATEMAN and M. A. LAUFER, Archs Biochem. 
Biophys. 39, 56 (1952). 

4 M.C. WEISS and H. GREEN, Proc. natn. Acad. Sci., USA 58, 1104 
(1967). 

5 K .H .  GRZESCHIK, A. GRZESCHIK and M. SINISCALCO, unpublished. 
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Cell types Cell origin Genetic deficiency Electrophoretic P value 
mobility ~zm/seclV/cm) 
(No. of observations) 
4- standard error 

Mean 
number of 
chromoso- 
somes 

MS2 Human skin fibroblast HGPRT- -1.39 (76) 4- 0.015 < 0.01 46 
B82/MS2 Clonal hybrid line -1.25 (71) 4- 0.014 2 • 53 + 19 
B82 L929 mouse fibroblast TK- -1.15 (63) • 0.018 < 0.05 53 

MS58 Human skin fibroblast balanced translocation X/chr 14 -1.13 (57) ~ 0.019 < 0.001 46 
TG2/MS58 Clonal hybrid line -1.29 (88) 4- 0.020 > 0.05 2 • 48+1 
TG2 Syrian hamster BHK fibroblast HGPRT- -1.24 (83) z 0.014 48 

MS64 Human skin fibroblast Hydrocephalus -1.38 (67) 4- 0.012 < 0.01 46 
A9/MS64 Clonal hybrid line -1.52 (75) 4- 0.013 ~ 0.05 57+1 
A9 L929 mouse fibroblast HGPRT- -1.63 (59) 4- 0.024 56 

MS63 Hmnan skin fibroblast G6PD- mediter, variant -1.37 (36) ~ 0.017 0.02 46 
TG2/MS63 Mixed hybrid population -1.28 (68) ~ 0.023 2 • 48+3 
TG2 Syrian hamster BHK fibroblast HGPRT- -1.24 (83) 2- 0.014 0.02 > P < 0.05 48 

MS58 Human skin fibroblast Balanced translocation X/chr 14 -1.13 (57) ~= 0.019 % 0.001 46 
A9/MS58 Clonal hybrid line -1.57 (65) ~ 0.016 56+1 
A9 L929 mouse fibroblast HGPRT- -1.63 (59) 4- 0.024 > 0.02 56 

HGPRT-, hypoxanthine guanine phophoribosil transferase deficient; TK-, thymidine kinase deficient; G6PD-, glucose-6-phosphatedehydro- 
genase deficient 

cell hybr ids ,  however ,  have  ind ica ted  t h a t  surface anti-  
gens and  T-ant igens  are expressed in the  hybr ids  when  
carried b y  one of the  parents% and  the i r  syn thes i s  in t he  
hybr ids  depended  on the  n u m b e r  of ch romosomes  f rom 
the  pa ren ta l  line car ry ing  the  marke r  ~. In  th is  connect ion,  
if the  e lec t rokinet ic  proper t ies  of the  hybr ids  s tudied  can 
be associated wi th  p roduc t s  of genes on a cer ta in  chromo-  
some or chromosomes ,  our resul ts  indica te  t h a t  such chro- 
mosomes  have  p robab ly  been  e l iminated .  Studies  on early 
cell hyb r id  popula t ions ,  which  car ry  a larger n u m b e r  of 
h u m a n  chromosomes  b u t  are low in cell numbers ,  were no t  
made,  since the  e lec t rophore t ic  mobi l i ty  m e a s u r e m e n t s  
required a larger n u m b e r  of cells t h a n  available.  

Rdsumd. Nous avons  compar6 e c o m p o r t e m e n t  61ectro- 
cin6tique des cellules hybr ides  des f ibroblas tes  diploides 
de la peau humaine  et  aneuplo~de d ' une  souris ou d ' u n  
hams t e r  avec celui des ce l lu les  de leurs lign6es. Les r6- 

su l ta ts  m o n t r e n t  que les c h a n g e m e n t s  significatifs  ob- 
serv6s dans  les propri6t6s 61ectrocin6tiques des hybr ides  
intersp6cif iques ne p e u v e n t  pas 4tre dus k la pr6sence de 
quelques  chromosomes  humains  dans  le g6n6me hybr ide .  
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C h r o m o s o m a l  Pa t t ern  of A s p a r a g i n a s e  Sens i t i ve  

The asparaginase  res i s tan t  line of E A R A D 1  leukemia  
which  is originally sensi t ive  to  L-asparaginase therapy ,  
was p roduced  by  repea ted  passages  in hos ts  t r ea t ed  wi th  
subop t ima l  doses of asparaginase  and subsequen t ly  car- 
r ied out  in un t r ea t ed  hos ts  1. The res i s t an t  lille shows a 
high degree of res is tance to  L-asparaginase.  Asparagine  
syn the t a se  act ivi ty ,  which is supposed  to be responsible  
for the  deve lopmen t  of resis tance,  is s l ight ly  higher  in the  
res i s tan t  t u m o u r  1 6. The presen t  r epor t  deals wi th  the  
gross chromosomal  a l te ra t ion  which  m a y  be a ref lect ion 
of genetic change f rom asparaginase  sens i t iv i ty  to  
asparaginase  resistance,  in a asparaginase  sensi t ive 
leukemia  and  its res i s tan t  var iant .  

Materials and method. The studies  were carr ied out  w i th  
a rad ia t ion  induced  and asparaginase  sensi t ive t rans-  

L e u k e m i a  and i ts  R e s i s t a n t  Var iant  

p lan tab le  ascites leukemic  t u m o u r  (EARAD1)  and  i ts  
res i s tan t  v a r i an t  (EARAD1-Res )  in b o t h  sexes of iso- 
genic h y b r i d  mice  (C57BL/6•  The size of ino- 
culum is i • 106 leukemic  cells in 0.5 ml  per  mouse.  W e  

1 B. HOROWITZ, B. K. MADRAS and A. MEISTER, Science 160, 533 
(1968). 
A. T. BANERJEE and S. P. BANERJEE, unpublished observation. 

3 M. D. PRA~ER, N. BACHY~SKY, Biochcm. biophys. Res. Commun. 
31, 43 (1968). 

4 M.K. PATTERSON JR. and O. ORR, Biochem. biophys. Res. Commun. 
26, 228 (1967). 

5 C. M. HASKELL and G. P. CANELLOS, Clin. Research 77, 402 (1969). 
M. D. PRAGER, P. C. PETERS, J. O. JANES and I. DERR, Nature, 
Lond. 227, 1064 (1969). 


