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Extract 

Pederine, a natural product extracted from beetles, induces cell fusion among hu- 
man skin fibroblasts grown in tissue culture. Heterokaryons are produced when 
pederine is added to mixtures of human diploid fibroblasts and HeLa cells. The effi- 
ciency of cell fusion exceeds that achieved with other available agents. The technique 
is simple and the results are reproducible. Cells exposed to pederine under conditions 
that cause fusion retain their growth potential, which indicates that the treatment 
does not damage the cells. The technique should prove useful in research into mecha- 
nisms of membrane fusion, as well as research in which cell fusion is used as an in- 
vestigative tool. 

Speculation 

Lysolecithin is believed to induce cell fusion by perturbing the molecular structure of 
cellular membranes. Pederine is more effective at concentrations less than one thous- 
andth that of lysolecithin. The mechanism of pederine-induced cell fusion may pro- 
vide insight into the physiologic processes which maintain membrane integrity. 



In t roduct ion 

The experimental induction o f  c e l l  Yusion among c e l l s  grown i n  t issue cu l t u re  
has f a c i l i t a t e d  studies o f  the mechanism o f  membrane fus ion as well  as re- 
search i n t o  o ther  f i e l ds  i n  which c e l l  fusion i s  used as an invest igat ive  
too l  (4, 10, 19.22). Unfortunately, the ava i lab le  techniques are cumbersome 
and the resu l t s  are  e r ra t i c .  A slmple, effective and reproducible method for  
inducing c e l l  fus ion should be o f  great advantage t o  investigators i n  many 
d isc ip l ines.  

Pederine i s  a natural product extracted from the beetle, Paederus fuscipes 
Curt. With i t s  a id ,  i t  i s  possible t o  cons is tent ly  induce c e l l  fus ion among 
40-60% of  human d i p l o i d  sk in  f i b rob las t  c e l l s  growing i n  wnolayer. 

Pederine induced c e l l  fusion 

C rys ta l l i ne  pederine was dissolved i n  s t e r i l e ,  d i s t i l l e d  water and the pH 
adjusted t o  7.0 wi th  sodium bicarbonate. The so lu t i on  was passed through a 
m i l l  ipore f i l t e r  and stared a t  -70°c u n t i l  ready f o r  use. 

Human d ip l o i d  sk in  f ib rob lasts  o r  equal mixtures o f  f i b rob las t s  and HeLa c e l l s  
were g rom t o  a confluent wnolayer  i n  Waymouth's medium supplemented wi th  
15% fe ta l  c a l f  serum and an t i b i o t i c s  ( p e n i c i l l i n  50 un i ts ,  streptomycin 50 wg, 
kanamycin 30 vg/ml) (3). The medium was decanted and f resh medium containing 
pederine, 1 nanogram/ml, was added. The c e l l s  were incubated f o r  18 t o  24 hrs. 
The medium was decanted, the c e l l s  washed wi th  Puck's Sa l ine A so lu t ion,  and a 
suspension formed by b r i e f  exposure t o  0.04% t r yps in  and 0.02% EDTA (versene) 
i n  Puck's sa l ine A so lu t i on  (3). The c e l l s  were d i l u t ed  1:iO i n  f resh medium 
and transferred t o  Leighton tubes containing coversl ips, where they were per- 
mi t ted t o  a t tach t o  the glass. The coversl ips were removed, washed i n  Hanks' 
buffered s a l t  so lu t ion,  f ixed i n  methyl alcohol and stained wi th  Giemsa. The 
c e l l s  were examined f o r  cy to tox ic  e f f ec t s  and the extent of c e l l  fusion was 
determined. Two hundred nuclei were counted and fus ion was scored as the per- 
cent o f  nuclei w i t h i n  muit inucleated ce l ls .  

The scoring method indicates the percent o f  the o r i g i na l  c e l l  populat ion that  
have fused. 

Pederine was prepared from beetles as previously described ( I ) .  Waymouth's 
medium, f e ta l  c a l f  serum and t r yps in  (1 :ZOO) were obtained comnercially (30) 

Sendai v i rus  induced c e l l  fus ion 

Sendai v i r us  was cu l t i va ted  i n  the a l l a n t o i c  cav i t y  of nine day o l d  embryonated 
chicken eggs. The v i rus  was harvested by removing the a l l a n t o i c  f l u i d  on the 
f i f t h  day o f  incubation. It was then centr i fuged a t  2000 g and the super- 
natant decanted i n to  tubes f o r  u l t r acen t r i f uga t i on  a t  16,000g. The p e l l e t  
was resuspended i n  phosphate buffered sa l ine and I %  balanced s a l t  so l u t i on  and 
cent r i iuged again. The supernatants were pooled and the l i v e  v i rus  was in- 
ac t iva ted wi th  B-proplolactone (17). Fusion studies fol lowed the method of  
Velasquez e t  a1 (29). Skin f ib rob lasts  were suspended i n  nu t r i en t  medium 
supplemented w i t h  10% imnunoprecipit in tested f e ta l  ca l f  serum (30) and a l -  
lowed t o  grow t o  confluency. Replicate cu l tures o f  confluent monolayers were 
incubated w i t h  the inact iva ted Sendai v i rus  (250-1250 hemagglutinating un i ts /  
Leighton tubes) for  18-24 hr. Subculturing, f i x i n g  and s ta i n i ng  was done as 
w i t h  pederlne t reated cultures. 

Radioautoqraphic studies 

HeLa ce l l s  were grown i n  Leighton tubes for  72 hr. i n  Waymouth's medium con- 
t a i n i ng  0.2 pCi/ml o f  3H-thymidine (spec i f ic  a c t i v i t y  6.7 Ci/mnole). The 
rad ioact ive medium was decanted and the c e l l s  were washed f i v e  times w i t h  
Hanks' balanced s a l t  solut ion. Human sk in  f ib rob lasts  were inoculated onto 
the HeLa c e l l  cultures. The f ib rob lasts  were permitted t o  attach and form a 
confluent monolayer wi th  the HeLa ce l l s .  The cu l tures were treated wi th  
pederine f o r  18 hrs. and subcultured as described above. Radioautographs 
were prepared as prev ious ly  described (3) except the emulsion was Kodak NTB. 

Resui t s  

I n  tab le  1 are presented the resu l t s  o f  5 experiments demonstrating the con- 
s i s t e n t l y  high incidence o f  fus ion o f  human sk in  f ib rob lasts  induced by low 
concentrations of pederine ( I  ng/mi) . I n  two experiments rep1 icate  cu l tures 
were treated wi th  Sendai v i rus  wi th  a fus ion r a t e  o f  8 and 1%. Fol lowing 
pederine treatment, as wi th  Sendai v i rus ,  the most frequent class of mu l t i -  
nucleated c e l l s  are those t ha t  contain two nuc le i .  

A homokaryon of human sk in  f ib rob lasts  and a heterokaryon formed from f i b ro -  
b las ts  and HeLa c e l l s  are presented i n  f igures I and 2, respectively. The 
heterokaryon i s  eas i l y  i den t i f i ed  by the d i s t i n c t i v e  wrpholog ica l  features o f  
the h m n  d i p l o i d  and the HeLa heterop lo id  nuclei.  The HeLa c e l l  nucleus i s  
a lso i den t i f i ed  by the rad ioact ive label present as the resu l t  o f  previous 
incorporation o f  3H-thymidine. 

Pederine i s  a known i nh ib i t o r  o f  p ro te i n  synthesis i n  eukaryotic organisms ( I )  
and therefore  i t  was important t o  determine i f  i n  the dose used t o  produce 
fusion, i t  i r r eve rs i b l y  damaged the ce l l s .  To invest igate  t h i s  poss ib i l i t y .  
c e l l s  were t reated wi th  pederine according t o  the method used t o  produce 
fus ion and then subcultured and permitted t o  grow to  confluency. The growth 
ra te  o f  unfused c e l l s  was not detectably d i f f e r e n t  from that  o f  r ep l i ca te  
untreated cu l tures.  

Discussion 

Pederine has been studied in tens ive ly  i n  the laborator ies  o f  Pavan (21) and 
Brega e t  a1 ( I ) .  The material has been p u r i f i e d  and crys ta l  I lzed, and i t s  
s t ruc ture  determined (2). Metabol ical ly, i t  i n h i b i t s  p ro te i n  ( I ,  27) and DNA 
synthesis (1). I t s  remarkable capab i l i t y  for  inducing fusion among c e l l s  
grown i n  t issue cu l t u re  has not been previously reported. Pederine induced 
c e l l  fusion i s  eas i l y  documented through the production o f  heterokaryons 
recognized by the d i s t i n c t i v e  cy to log ica l  character is t ics  o f  nuc le i  derived 
from d i f f e ren t  c e l l  types and the presence of 3H-thymidine i n  one parental 
nuc le i  . 
Cell  fus ion has a t t rac ted considerable a t t en t i on  from invest igators  i n  recent 

years. The phenomenon o f  membrane fus lon i s  involved i n  a mul t i tude o f  
physiological processes including f e r t i l i z a t i o n ,  pinocytosis and the forma- 
t i o n  o f  syncytia. It i s  a lso a c m o n  event i n  pathological condit ions such 
as v i r a l  In fec t ions and the response t o  foreign bodies. It i s  not su rp r i s i ng  
t ha t  the mechanism of  membrane fusion i s  now being subjected t o  c lose 
scrut iny  (13. 23, 24). 

Cel l  fusion i s  a lso proving t o  be a useful tool f o r  invest igators  in terested 
i n  the cont ro l  of c e l l  metabolism. Harr is  and h i s  colleagues have exp lo i ted 
the formation o f  heterokaryons i n  a ser ies  of studies on nuclear-cytoplasmic 
in teract ions (6, 9, 11). Geneticists have resorted t o  c e l l  fus ion f o r  chro- 
wsome mapping (IS, 25, 28) and gene complementation (12, 14, 26), and oncol- 
og is ts  use c e l l  fus ion t o  explore con t ro l l i ng  fac tors  of c e l l  growth ( 5 ,  8). 

The most c o m n l y  employed agent t o  induce c e l l  fus ion under cont ro l led labor- 
a tory  condit ions has been inact iva ted Sendai v i r us  (17, 18. 19). Although 
po ten t i a l l y  very e f f ec t i ve ,  the techniques t ha t  are  requlred are cumbersome 
and the resu l t s  are e r ra t i c .  Each step o f  the long process, begining wi th  
the source o f  the v i rus  and the condi t ion of the eggs used for  cu l t u re  and 
continuing t o  the f i n a l  exposure o f  the c e l l s  t o  the inact iva ted v i rus ,  in- 
volves a large number o f  variables which a f fec t  the resu l ts .  Moreover, 
fus ion o f  human d i p l o i d  sk in  f i b rob las t s  i s  not as e f f i c i e n t  as wi th  hetero- 
p l a i d  l i nes  (20). I n  our experience the fusion ra te  has varied f r m  7 t o  30%. 
depending on unknown fac tors  t ha t  inf luence the e f f i c i ency  of the virus. 
Fusion rates as high as 50% have been reported, but they are d i s t i n c t l y  un- 
usual (16, 29). 

Lyso lec i th in  has a lso been used f o r  c e l l  fusion (4, 22). I t  has the advantage 
of  being a chemical t ha t  i s  simply obtained. It appears t o  ac t  d i r e c t l y  on 
the c e l l  membrane without metabol ic intervention. However, i t  damages the 
c e l l  and, i n  our hands, has not been very e f fec t ive .  

Pederine shares the advantages o f fered by l y so lec i t h i n  i n  being a chemical 
w i t h  known structure. I t  i s  simple t o  use, and i s  considerably w r e  e f f ec t i ve  
than l y so lec i t h i n  a t  concentrat ions less than one-thousandth that  customari ly 
used f o r  l y so lec i t h i n .  Under the condit ions used t o  induce fusion, the c e l l s  
appear t o  be undamaged by pederine. as measured by t h e i r  growth potent ia l .  I f  
c e l l s  which have been treated w i t h  pederine a r e  subcultured, the growth ra te  
o f  unfused c e l l s  i s  comparable t o  untreated $e l ls .  
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Table I. Cell  fus ion induced by pederine 

Controls Pederine-treated 

Experiment Experiment 

A B C D  E A B C D E  
NO. o f  
nuc le i /  
c e l l  

I 98 97 98 96 97 61.5 60.846.5 38 47.7 

over 5 2.75 1.0 1.5 -- 

Fused ce l l s ,  presented as per cent o f  o r i g i na l  c e l l  population. Human d i p l o i d  
sk i n  f ib rob lasts  growing in mnolayer  were exposed overnight t o  pederine. 
I ng/ml i n  nu t r i en t  medium. The c e l l s  were washed, removed w i t h  t ryps in .  
d i l u t ed  I:10 i n  medium and transferred t o  coversl ips f o r  examination. At  
l eas t  200 nuclei on each covers l ip  were counted and the extent o f  fus ion was 
scored. Pederine experiments were performed i n  dup l ica te  o r  t r i p l i c a t e .  
Replicate cu l tures unexposed t o  pederine served as controls. 

Fiqure I *  Pederine-induced fusion o f  tka human sk in  f i b rob las t s  t o  form a 
homokaryon w l t h  tw nuclei sharing a c o m n  cytoplasm. The f i b rob las t  nuclei 
are  oval shaped and contain one o r  several nuc leo l i .  

F i w r e  2. Pederine-induced fusion of a sk i n  f i b rob las t  and a HeLa c e l l  
forming a heterokaryon containing a HeLa and a f i b rob las t  nucleus. The HeLe 
c e l l  nucleus i s  large, round and contains four o r  f i v e  large nuc leo l i .  The 
HeLa c e l l  nucleus i s  fur ther  i den t i f i ed  by the presence of  rad ioact ive grains 
produced by the previous incorporation of 3H-thymidine. The hwnan sk i n  f i b ra -  
b l as t  nucleus i s  smaller, oval-shaped and contains one o r  tw, nuc leo l i .  The 
photograph i s  s l i g h t l y  out  o f  focus since the nuc le i  and the rad ioact ive 
grains i n  the over ly ing emulsion are i n  d i f f e ren t  focal planes. 
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