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A n t o k y a n y  u Impatiens holstii 
1. Byly chromatografov~ny antokyany t~i typfl Impatiens holstii. Bylo zjiw 

t~no, ~e 
typ A (/. nana, sorta ZA~e, s ~arlatov:~mi kv6ty) obs~huje ve stonku - -  gluko- 

sidy malvidinu, v petalech - -  glukosidy pelargonidinu a peonidinu, v sepalech 
glukosid malvidinu a cy~nidinu, v pylu - -  glukosidy a snad i xylosidy malvidinu; 

typ B (]. nana, sorta ZA~e, s 5ervenofi~lov~mi kv~ty) obsahuje ve stonku - -  
malvidin, v petalech - -  peonidin, v sepalech - -  m~lvidin a eyanidin, v pylu - -  
malvidin; 

typ C (vzp~irnen37 typ, s 5ervenofialovj~mi kv~ty) obsahuje v petalech - -  mal- 
vidin a pconidin, v sepalech - -  malvidin a cyanidin, v pylu - -  malvidin. 

U typfl B a C cukry nebyly sledov~ny. 
2. Jsou uvedeny dvahy o metabolismu t~chto pigmentfl v ontogenesi a fylo- 

genesi n~kter~eh druh~ rodu Impatiens. 

S u m m a r y  

1. C h r o m a t o g r a p h i c  a n a l y s i s  o f  a n t h o e y a n i n s  o f  t h r e e  t y p e s  o f  I m p a t i e n s  
ho l s t i i  w a s  c a r r i e d  ou t .  I t  was  f o u n d  t h a t  

t h e  t y p e  A (/. n a n a ,  v a r i e t y  Zs w i t h  s c a r l e t  b l o s s o m s )  c o n t a i n s  in  t h e  
s t e i n  - -  g l u c o s i d e s  o f  m a l v i d i n ,  in  t h e  p e t a l s  - -  g l u c o s i d e s  o f  p e l a r g o n i d i n  a n d  
p a e o n i d i n ,  in  t h e  s e p a l s  - -  g lucos ide s  o f  m a l v i d i n  a n d  c y a n i d i n ,  in  t h e  p o l l e n  - -  
g l u c o s i d e s  a n d  p o s s i b l y  a l so  x y l o s i d e s  o f  m a l v i d i n ;  

t h e  t y p e  B (/. n a n a ,  v a r i e t y  Zs w i t h  r e d - v i o l e t  b l o s s o m s )  c o n t a i n s  in  t h e  
s t e m  - -  m a l v i d i n ,  in  t h e  p e t a l s  - -  p a e o n i d i n ,  in  t h e  s e p a l s  - -  m a l v i d i n  a n d  
cyan id in~  in  t h e  p o l l e n  - -  m a l v i d i n ;  

t h e  t y p e  C (e rec t  t y p e ,  w i t h  r e d - v i o l e t  b l o s s o m s )  c o n t a i n s  in  t h e  p e t a l s  - -  
m a l v i d i n  a n d  p a e o n i d i n ,  in  t h e  s e p a l s  - -  m a l v i d i n  a n d  c y a n i d i n ,  in  t h e  p o l l e n - -  
m a l v i d i n .  

Address: Na cviSi~ti 2, Praha-Dejvice. 
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In the types B and C, sugars were not analyzed. 

2. The metabolism of these pigments in the ontogeny and in the phylogeny 
of some species of the genus Impatiens is discussed. 

Introduction 

I t  has been known that the anthocyanins occur in the most varied plant 
organs. They are most abundant in the blossoms but are present in other 
parts of the plant as well (stems, leaves, sepals); they were found even in 
the root tips (e.g. MOLmOH 1928) and in pollen grains (e.g. LUBLINER-M~- 
mOWSKA 1955). 

The anthocyanins were identified in the blossoms and leaves of a variety 
of species, by different methods: eolour reactions, distribution coefficients, 
(e.g. ROBINSON and ROBINSON 1931, 1932), spectral analysis and most of all 
paper chromatography (e. g. HAYASm and YUKImDE, 1956, and others). 
On the other hand, the data on the occurrence ofanthocyanins in other parts 
of the plant are rather scarce. 

The physiological role of anthocyanins has not been solved so far. In order 
to elucidate the problem conclusively the maximum amount of experimental 
material is required, concerning the distribution of anthocyanins in the plants 
not only from the point of view of phylogeny, ontogeny and ecology, but also 
that of organ distribution. I t  is the aim of the present communication to 
identify the anthocyanins as genetic charactes of Impatiens holstii. 

Most attention was devoted here to the type with scarlet blossoms, antho- 
eyanized stem (particularly in the nodes), blue-red pollen and coloured sepals 
(Impatiens holstii, f. nana, variety Zg~e, designated a~ type A in the sequel). 
For the sake of comparison, an orientation analysis of two other types of 
this species with somewhat bluer blossoms was carried out (the type B belongs 
to the same variety as the type A, the type C differs from the two by its erect 
growth, by a slightly different red-violet tinge of the blossoms and by the 
fact that it does not have an anthocyanized stem). The origin of the type C 
could not be ascertained. The plants were reproduced vegetatively. 

The anthocyanins analyzed here were derived from the petals, sepals, 
stem and pollen. According to ROBINSON and ROmNSON (1932) the blossoms 
of Impatiens holstii should contain pelargonidin (the orange-red variety) and 
paeonidin (the blue-pink variety): the authors, however, used only distribu- 
tion coefficients to carry out their analyses. No more recent data could be 
found in the literature although some species of the genus Impatiens have 
received considerable attention of late (e.g. ALSTON and HAGEN 1957; HAGEN 
1958; ALSTON 1958). 

No data on the type of pigments in other parts of the plants could be found. 
The same holds for the analysis of the sugars present. 
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Methods 

The an thoeyan ins  were ex t r ac t ed  f rom fresh mater ia l  (blossoms, s tem,  pollen and  sepals)  
wi th  methanol ic  hydrochlor ic  acid (1% solution).  The ex t rac t s  were purif ied by  ch romato -  
graphy,  by  developing in two  mixtures :  1st - -  bu tanol :  2N-HC1 (1 : 1), 2nd - -  bu tano l :  glacial 
acetic acid : wa te r  (4 : 1 : 5). 

The individual  spo ts  were cut  out ,  e lu ted  wi th  50% me thano l  and  hydro lyzed  by  10-rain. 
boil ing wi th  20% HC1 (with an  equal  or a two-fold volume).  Af ter  cooling, t he  an thoeyan id ins  
were ex t r ac t ed  wi th  amylalcohol ,  the  free sugars of  the  glucosides remain ing  in t he  aqueous  
phase.  

The aglueones were identif ied chromatographica l ly ,  using pure  s tandards ,  in the  descending  
direct ion:  1. glacial acetic acid : conc. HC1 : water  (30 : 3 : 10) - -  the  Fores ta l l  mix ture ;  2. ace- 
t o n e : 5 % H C 1  ( l : l ) ;  3. m - c r e s o l : g l a c i a l  acetic acid : w a t e r  ( 2 5 : 1 : 2 4 ) .  As no syn the t i c  
s t anda rds  or crystal l ine samples  were available,  an thocyan id ins  f rom plants ,  r epea ted ly  ident i f ied 
previously,  were used  as s tandards*  (their  R F  values being compared  wi th  the  d a t a  in  t h e  
l i terature  a t  t he  same t ime):  malv id in  f rom Malva mauretanica and  Impatiens balsamina, 
paeonid in  f rom Paeonia o]ficinalis, eyanidin  f rom Rosa sp., Paeonia o]ficinalis, and  pe la rgonid in  
f rom Pelargonium zonale. 

The sugars were also ana lyzed  chromatographica l ly ,  the  aqueous phase remaining  a f te r  
ex t rac t ing  the  aglueone wi th  amylalcohol  being used here.  At  first, the  solut ions were e v a p o r a t e d  
to dryness  over  N a O H ,  the  residue dissolved in water ,  desa l ted  wi th  a mix tu re  of  the  ea~ion 
exchange resin Zerolite 225 and  of  the  anion exchange  resin Zerolite E.  The de- ionized sugars  
were again evapora ted ,  dissolved in 50~ e thanol  and  placed on W h i t m a n  paper  Iqo. 1. The  
samples  were developed,  toge the r  wi th  the  s tandards ,  in the  following sys tems:  1. i sobutanol  : 
glacial acetic acid : wa te r  (4 : 1 : 1), in the  descending direct ion,  three  or four  t imes  (M).LEK 
e t  al. 1957); 2. bu tano l  : pyr id ine  : benzene : wa te r  (5 : 3 : 1 : 3), in the  ascending direct ion,  
five t imes ;  3. acetond : bu tano l  : water  (7 : 2 : 1), circular ch romatography ,  twice,  

The de tec t ion  was carr ied out  b y  the  ve ry  sensit ive b u t  less specific m e t h o d  wi th  AgNOa; 
fu r the r  wi th  anflin ph tha l a t e  and  a mix tu re  of  d in i t rophenylamine ,  anilin,  e thy laee ta te  a n d  
phosphor ic  acid (modification according to  VITE~ 1958). 

Results and Discussion 

1. Type A (with scarlet blossoms): 
Petals: it was found with the aid of the above methods that the petals 

contain 2 types of aglucones: pelargonidin and paeonidin. The first and the 
third glucoside spots (counting from the start to the solvent front) corres- 
pond to paeonidin, the second and the fourth spots to pelargonidin. Glu- 
cose was found to be their sugar moiety. 

Stem: malvidin and glucose were identified here. 
Sspals: glucosides of malvidin and eyanidin were found here. 
Pollen: malvidin could be detected, clearly accompanied by glucose, but 

in addition, the second and the fourth glycoside spots seemed to be accom- 
panied by another corresponding to xylose. 

2. Type B (with blue-violet blossoms): 
This type contains only malvidin in the pollen and in the stem, while only 

paeonidin could be found in the petals. The sepals contained malvidin and 
cyanidin. No analysis of sugars was carried out. 

* Other  au thors  have worked  along th is  line some t ime ago (WERcKI~EISTER 1954). 
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3. Type C (erect, no anthocyanins in the stem): 
The pollen of this type contains only malvidin, while the petals were found 

to contain malvidin and paeonidin. The anthocyanins of the sepals are of the 
same type as in the preceding types. No analysis of sugars was carried out. 
For the sake of clarity, the results are summarized in Table 1. 

Thus it follows that  the anthocyanins of the stem, pollen and sepals are 
of the same type (the sepals containing eyanidin in addition to the much 
greater amount of malvidin). The petals, however, contain completely different 
types of anthocyanins, namely pelargonidin and paeonidin. The general syn- 
thetic process of anthocyanins appears thus to differ in the petals in one of 
the last phases where the degree of hydroxylation and methoxylation is 
determined. A certain independence of the petals in the biological synthesis 
of  the anthocyanins was demonstrated by KLEIN and HAGEN (1961) for 
petals of Impatiens balsamina grown in vitro; there the buds weighing 25 mg. 
possessed a finished apparatus for the formation of anthoeyanins. 

I f  the types of anthoeyanidins of the analyzed types of Impatiens holstii 
are compared with those of different Impatiens species it may be seen that  

Table 1 

s 

PetMs Pollen Stem S epals 

Type A 

Type B 

Type C 

Paco, Pal, Glu 

Paeo 

P~mo, Mal 

Mal, Glu, (Xyl) 

Mal 

Mal 

Mal, Glu 

Mal 

Mal, Cya, Glu 

Mal, Cya 

Mal, Cya 

Paeo - -  paeonidin, Pal - -  pelargonidin, Mal - -  malvidin, Cya - -  cyanidin, Glu - -  glucose, Xyl  - -  
xylose. 

malvidin occurs here rather frequently (Table 1). ALSTON and HAGEN (1957) 
found it in 6 out of 12 genotypes tested, to occur in the petals of Impatiens 
balsamina and quite frequently also in the sepals (in 5 genotypes). Pelargonidin 
is also rather frequent (in 8 genotypes). On the other hand, cyanidin is rather 
rare in this species (in the sepals of 2 genotypes) but it was found e.g. in 
Impatiens capensis and Impatiens pallida. Paeonidin was found only in the 
sepals of four genotypes of Impatiens balsamina. According to the participa- 
tion of the individual anthocyanin types in the species and types of Im- 
patiens examined heretofore it appears probable that  mMvidin represents 
the fundamental type of anthoeyanins, being the most complicated of them 
(it has two methoxy and one hydroxy groups in the side ring B). This as- 
sumption is supported by the fact that  a more complex type of anthocyanin is 
always dominant with respect to a simpler one, as is known from genetic 
work. For a confirmation of this assumption, however, further investigation, 
especially of the genetic character, is necessary. 

As concerns the sugar moieties of the anthocyanins, glucose could be de- 
monstrated quite unequivocally (HAGEN 1960, found it also in the species 
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Impatiens balsamina). In some cases, a spot corresponding to arabinose 
could be found on the chromatograms but this appears to be an artifact. 
The occurrence of  xylose in the pollen anthocyanins is rather probable (xylose 
being known to be frequently bound in the anthocyanins). It is not likely 
that we should be dealing here with freely occurring xylose as it could not 
be found in the samples where the anthocyanins were adsorbed on an ion 
exchange resin during desalting and where only the free sugars were chromate- 
graphed. 
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~)Ba I~JIO3OBa, I~B eT a  PO~OCOBa (OT~eYI ~p~anoaor~n  n ~u3Hoaornqecr~ofi  r eneTn~U 
pacTennf i ,  Buoaorr tqecur~f i  HHCTHTyT q C A H ,  I l p a r a )  

AHTOIIHaHbl y Impatiens holstii 
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t .  X p o M a T o r p a ~ u p o B a H H  aHTORUaHH Tpex  TUnOS Impatiens holstii: 
THU ((A>) (~opMa n a n a  copw ((Zfi~e~) s m a p a a x o B u M U  I~Bew~aMl~) cogiepmuw: B cweS~e 
rJIIOI~OaU~ Ma~IbBrlR~IHa, B aeuecT Kax  r:llot~o3ri~ra n e z t a p r o n i ~ u H a  ri neorlrl~Irma, B qa-  
me~tuCTUKax rntoKo3uR MaYlBBH;IHHa U ~ u a n u ~ a n a ,  B nbIYIbIie raIoI~O3U~IbI, MOmeT 6~IT~, 
~Iame I~cI~aoart~Iu Maar~BH;Inaa. 

Tun  ((B)> (d~opMa n a n a  COpT ((ZAte>) c I~pacuo~no~mTOnUMu ~BeTraMH): B cTeSae Manb- 
mI;IUH, 13 neuecTIcax neorIn~rrH, B qallIearlCTUI~ax uaabBU; Inu  rt ~ u a u u ~ u H ,  B n u a b t ~ e  
MaJIBBH~HH. 

r u n  <~B>~ (npaMocre6ea~ ,au f i  I n n  c ~pacnoqbnoaeToB~M~ ~BeT~aMr~): ~ a e n e c T ~ a x  Mam,- 

C a x a p a  rnnOB ~B~> u ~B~ ne  nzy~aauc~ , .  

2. 0 6 c y m ~ a e T c a  Bonpoc M e T a 6 0 ~ 3 M a  ~THX ~UrMeHTOB B OUTOreHe31ico u ~uyioreHe3Hco 
nemoTop~ix BU~OB po~a  Impatiens. 


