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S p e r m i n e  a s  a N e w  G r o w t h = P r o m o t i n g  

S u b s t a n c e  f o r  Helianthus tuberosus 
( J e r u s a l e m  A r t i c h o k e )  i n  v i t r o  

P o l y a m i n e s  are p r e sen t  in vege tab le  e m b r y o s  1 and  in 
smal l  a m o u n t  in seeds of var ious  plants~,~; also an  en-  
z y m e  was  found which  forms  pu t re sc ine  f rom a g m a t i n e  in 
bar ley  leaves 3. Never the less ,  t h e  biological  s ignif icance of 
po lyamines  is stil l  u n k n o w n  in p l an t s  and  pa r t i cu la r ly  in 
vegetable  embryos .  

The  effects  of po lyamines  on nucleot ido me tabo l i sm  and  
pro te in  syn thes i s  4,~ on the  g rowth  of some bac te r i a  and  
fungi  ~, 7 a n d  the i r  p resence  in d o r m a n t  o rgans  (embryos) ,  
which  are  des t ined  to  an  e leva ted  me tabo l i sm  and  cell 
division,  lead us to  cons ider  t h e m  involved  in m e c h a n i s m s  
inducing the  f irs t  vege ta t ive  phase .  

In  o rde r  to  clarify t he  biological role of po lyamines  in 
h igher  p lants ,  we have  s tudied  the  effects  of spe rmine  on 
cellular divis ion of t issues,  whose  g rowth  is closely re la ted  
to  the  presence  of auxines  s. 

D o r m a n t  t ube r s  of  H e l i a n l h u s  tuberosus were  util ized. 
Cyl indrical  e x p l a n t s  (3 m m  diam. ,  d r y  we igh t  -~10 rag) 
of an homogenous  vascu la r  p a r e n c h y m e  were  p laced  in 
steri le cu l ture  in v i t ro  in a nu t r i t i ve  m e d i u m  9 wi th  glu- 
cose 5% and  agar  1.2%. 

Agar  was  washed  ove rn igh t  in t a p  water ,  r insed wi th  
dist i l led water ,  d e h y d r a t e d  wi th  ace tone  and  f inal ly 
washed  in e thy l  e t h e r  to  e l imina te  also t h e  t races  of 3- 
indoleacet ic  acid (IAA) lo 

Concen t ra t ions  of spe rmine  b e t w e e n  10 -~ a n d  10 -*M 
were ut i l ized wi th  a cont ro l  in basa l  m e d i u m  alone and  
basa l  m e d i u m  plus  IAA 0.5 • 10 -7 ( ~ 0 . 5  • 10-"M).  

Spermine  was ob t a ined  f rom F luka  AG, Buchs  (Swit-  
zerland) and  a fu r the r  pur i f ica t ion  was carr ied ou t  by  
m e a n s  of successive recrys ta l l iza t ions .  

T w e n t y  repl ica t ions  were  ut i l ized for eve ry  concen t ra -  
t ion .  The  exp l an t s  were  r a n d o m i z e d  and  g rown in a cul-  
t u r e  room a t  23°C, l ight  of ~ 1 0 0 0  lux, for  12 h p ro  die. 
Af te r  5-7 days  the  exp l an t s  w i th  spe rmine  (10 -4 and  
10-SM) were  grown a lmos t  as those  w i t h  IAA:  no visible 
g rowth  in o the r  concen t ra t ion .  

The e x p e r i m e n t  was  s t opped  a f te r  fo r ty  days :  fresh 
a n d  d r y  weights ,  R N A  and  D N A  were  de t e rmined .  The  
e x p e r i m e n t  was  r epea t ed  th r ice  in d i f fe ren t  t imes  wi th  
s imilar  results .  

In  t he  Table  t he  resul ts  refer  to  a single e x p e r i m e n t .  

I t  is ev iden t  t h a t  t he  g rea tes t  g ro w t h  w a s w i t h  spermine 
10-4M, s imilar  to  op t ima l  co n cen t r a t i o n  of I A A  (see 
Figure).  The  ch lorophyl l  was d e t e r m i n e d  only  for sper- 
mine  10-4M and  IAA and  referred to fresh weigh t  cor- 
rec ted  according to  t h e  surface:  the  p i g m e n t  was in no 
de t ec t ab l e  t race  in the  control ,  while  no s ignif icant  dif- 
ferences were  observed  in spe rmine  1 0 - * M  and  IAA. 
Microscopic sect ions  of spe rmine  ex p l an t s  10 -4 and  10-~M 
showed  t h a t  callus was  no t  f u n d a m e n t a l l y  d i f fe rent  from 
IAA. No prol i fera t ion  was microscopical ly  observed  in the 
control ,  while  some new assemblages  of cells were  seen for 
spe rmine  10 -3 and  10-eM,  even  if t h e y  showed  a t  first 
small  necroses.  E x p e r i m e n t s  to reveal  possible interact ions 
be tween  IAA and  spe rmine  were  made ,  b u t  resul ts  wi th  a 
s ta t i s t i c  value were  n o t  ob ta ined ,  a t  first .  R N A  and  DNA 
dosage n pe r fec t ly  conf i rmed  microscopic  observat ions 
and  d ry  weigh t  de t e rmina t ion .  V e r y  smal l  t races  of 

Explants of Helianthus tuberosus (Jerusalem artichoke) treated with: 
a, spermine; b, IAA; c, nothing. 
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Fresh and dry weight, nucleic acids in explants of Jerusalem artichoke treated with spermine 

0 Spermine Spermine Spermine Spermine IAA 
10-SM 10-1M 10-SM 10 -6 M 0,5 ' 10 -: 

Fresh weight a 39.9 
Dry weight a 11.6 
% dry weight 28.3 
Growth index 100.0 
RNA 
mg/g dry weight 18.0 
DNA 
rng/g dry weight 3.6 
RNA/DNA 5.0 

49.9 101.7 74.5 55.2 141.2 
13.5 15.8 14.9 13.2 17.1 
27.1 15.5 20.0 23.7 12.5 

116.3 136.2 129.3 112.9 147.4 

21.0 - - 22,5 

5.2 - - 6.8 
4.0 - - 3.3 

a Average of 20 explants. 
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spermidine alone were revealed on 100 g fresh weight of 
Jerusalem artichoke dormant tubers. 

Our data  clearly show that  spermine is a growth sub- 
stance able to take the place of IAA to cause the cellular 
division. I t  is interesting to note that, in the literature, 
no substance having aliphatic structure was found to be 
able to act in a similar way. Our researches are continuing 
in order to decide at which metabolic level spermine acts. 

Riassunto. ~ stato per la prima volta dimostrata chela 
spermina (IO-~M) hx un eff~tt.o di crescita simile a quello 

deIl'acido indolacotico sugli espi~mti di H d i ~ v . s  hd~. 
r o s u s  in vitro. 
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A C o m p a r i s o n  of  M e t h o d s  for  the  Inac t iva t ion  of  
T h i r d  C o m p o n e n t  of  G u i n e a - P i g  C o m p l e m e n t :  

For many years after the discovery of complement (C') 
the consensus was that  it consisted of four components, 
based on the fact tha t  hemolytically active serum can be 
fractionated or inactivated to give reagents which are 
non-hemolytic when used alone, but which are fully ac- 
tive hemolytically when combined in pairs. The assump- 
tion was made that  each reagent was deficient in one com- 
ponent, without regard to the possibility that more than 
one component might be absent from a given reagent and 
that the hemolytic system might therefore involve more 
than four components. 

In  recent years evidence has been obtained clearly 
establishing the complexity of C' s (third component of 
C') i-s. I t  is possible, therefore, that  an R s reagent, be- 
lieved heretofore to lack C's, may in fact be deficient in 
more than one component. A study of various methods 
for preparing an R 3 reagent was therefore undertaken. 

Rs reagents were prepared as follows using guinea-pig 
serum: (i) by the inactivation of serum by 'Liquoid '~ or 
formaldehyde, and (2) by the absorption of serum with 
Zymosan s-~. 

The IR~ reagents were assayed to ascertain whether or 
not they were deficient in more than one component and 
whether or not  the missing components were the same. 

Each of the l~s reagents was non-hemolytic by itself 
and cross-titrated with reagents R~, R~ and R,, which are 
deficient in C'~, C'~ and C'~, respectively. The R n reagents 
were therefore lacking in one hemolytic component at 
least, presumably a component of the C'~ complex, and 
contained C'x, C'~ and C',. 

In order to learn whether the missing component in the 
three preparations of Ra was the same or not, they were 
cross-titrated with each other in pairs over a wide range 
of concentrations. The results are shown in the Figure, 
Each Rs preparation was essentially non-hemolytic, but 
LR a ('Liquoid' preparation) and FRs (formaldehyde prep. 
aration) taken together had virtually the same hemolytic 
activity as the untreated guinea-pig serum used as a con- 
trol. 

This finding suggests that  the missing C'~ factors in one 
preparation are different from those in the other, and 
although it gives no clue as to the exact number of compo- 
nents involved, the minimum number is certainly two. 
The Zymosan preparation (ZRs) did not cross-titrate sig- 
nificantly with either LRs or FRs, an indication that it 
must have lacked the components absent from both LR~ 
and FRs. 

A further comparison of LR, snd FR.  was made with 
respect to those components of complement timt require 
either Ca ++ or Mg ++ for immune h e m o l y ~ .  For this pur- 
pose was used the reaction of these reaSents with EA 
(sensitized sheep cells) to form EAC't,4,,, that is, comple- 
mented cells tlmt are lysed by ~inea-p l  B senlm in the 
enc~ of Vereene, Because neither r e q e n t  was hemolytic 
by itself, the reaction w u  carried out at room t e m ~  
ture, whereas the reaction with the untreated ~ i n m - p i g  
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Cross-tltrstions of R s t e n e t s  for hemolytic activity of comptmmmt. 
The reagents were tested either ulone or in eombinatimss ts__l~n two 
at a time; usins SulMa-pig serum as a ooutroL Opticsl Du~ity st 
541 mp is propoctfomd to the fract/on o[ odls lyued sml is • me.urn 

of the b__.~___ytk activity of mmpbnueat. 
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