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lactoside have very similar R s values, and only separate 
distinctly when the paper is developed for at  least 24 hours 
with a solvent mixture based on n-butanol .  

A pelargonidin-3-rhamnoglucoside, probably the 3- 
rutinoside, previously identified in pink forms of 
Antirrhinum ma]us*, has also been found in Solanum 
phure~a. The 3-bioside occurring in petals of Papaver 
spp: S has been identified as a 3-diglucoside, I t  is prob- 
ably the 3-gentiobioside, since i t  occurs with meco- 
cyanin (cyanidin-3-gentiobioside 9) in  Papaver rhoeas. 
Two further pelargonidin derivatives, one found in 
Tritonia, varie ty  'Prince of Orange', and the other in  
Primula sinensis 1°, differ chromatographically from the 
above pigments, bu t  mus t  also be considered to be a 3- 
rhamnogtucoside and a 3-diglucoside respectively. These 
two cases of isomeric forms of the same glycoside are 
presumably due to difference in the linkage between the 
sugar residues of the disaccharides concerned. Indeed, 
assuming tha t  the combined glucose has the fl-D-pyrano- 
side configuration, four isomeric 3-diglucosides of pelar- 
gonidin may theoretically occur in nature.  

The structure of the pelargonidin-3-rhamnoglucosido- 
5-monoglucoside of S. phure]a mentioned previously has 
been confirmed by  identifying the 3-monoglucoside, the 
3-rhamnoglucoside, the 3 : 5-diglucoside and the 5-mono- 
glucoside of pelargonidin as products of its partial  acid 
hydrolysis. Another example of this new type of glyco- 
side is the pigment  present in the skin of radishes, Rap- 
hanus sativum. I t  is an acylated derivative of pelargoni- 
din 3-diglucosido-5-monoglucoside. On partial  hydro- 
lysis, it  .gives the 3-gentiobioside, the 3:5-diglucoside 
and the 3- and 5-monoglucosides. Two other novel types 
of pelargonidin glycoside must  be mentioned. One of 

these  occurs in  Primula sinensis 1°, with the 3-mono- 
gIucoside and a 3-diglucoside of pelargonidin and  ap- 
pears to be a 3-triglucoside, since only the first two 
simpler pigments can be detected during acid hydrolysis. 
Although flavonols with three sugar residues at tached 
at  a single position (i.e. the 3-position} have recently 
been found in nature  xx, no anthocyanins  of this type 
have been recorded before. 

The other novel glycoside occurs with pelargonidin-3- 
gentiobioside in Papaver orientale. I t  is remarkable in 
being dist inctly lighter orange in colour than  any  of the 
other na tura l ly  occurring glycosides of pelargonidin. 
Indeed, its maximum in the visible spectrum is 499 m/, 
when. measured in  methanol,  containing a trace of 
hydrochloric acid. Other pelargonidin glycosides have 
&max at  505 In/, in the same solvent. On acid hydrolysis, 
it  gives only glucose and pelargonidin. Four non-fluores- 
cent glycosides are produced during this hydrolysis. 
Two were identified, namely the 3-gentiobioside and the 
3-monoglucoside. I t  follows tha t  the original glycoside 
mus t  have two glucose residues in the 3-position and 
one in the 7- or 4'-position. Up to now, it has always 
been assumed that  anthocyanins  only contained sugars 
subst i tuted in the 3- and 5-positions. 

Other results indicate tha t  a similar range of glycosides 
of the other five commonly occurring anthocyanidins  are 
present in nature.  For exampte, different forms of the 
cult ivated potato are pigmented with the six common 
anthocyanidins  as the 3-diglycosido-5-monoglycoside 

s G.M. RoBINsos and R. R o m s s o s ,  Biochem. J. 25, 1687 (1931). 
K. E. GROVE, M. INUBUSE, and R. ROBINSON, J.  chem. Soc. 

1608 (1934). 
l0 H. S. A. SHERRATT, Nature (in press) (1957). 
xx y .  TAKmO, H. IMACAWA, and H. TOSmDA, J. agric, chem. So c. 

Japan 2s, 18~ (1054). 

acylated with p-coumaric acid. Although some details of 
the structure of these pigments remain to be determined, 
it  is apparent  from these prel iminary results tha t  
anthocyanins  occur as a range of glycosidic forms com- 
parable with the variat ion encountered in the flavonol 
series ~. 

The co-occurrence of pelargonidin mono-, di- and  
triglycosides in Primula sinensis, and of di- and tri- 
glycosides in Papaver orientale and Solanum phureya is 
significant. I t  appears from these and other results t ha t  
a number  of biosynthetic steps are involved in the 
glycosidation of anthocyanidins  in nature.  Genetical 
evidence supports this view since single gene differences 
have been related to changes in the glycosidic pa t te rn  
of the anthocyanins  in some p lan t  species ~3. I t  seems, 
then, tha t  single sugar residues are linked bne at  a tihae 
to the pigment  molecule or precursor rather than  tha t  a 
preformed di- or trisaccharide is at tached diredtly in one 
step. 
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Zusammen/assung 

Neun Glykoside des Pelargonidins wurden durch 
papierchromatographische Methoden gekennzeichnet. 
Es war notwendig, die Methode der Zuckeridentifizie- 
rung abzulindern, um die Bildung des Kunstprodukts  
Arabinose zu vermeiden. Einige der neun  Glykoside 
gehbren zu neuen Sorten yon Anthocyanidinglykosiden,  
die bisher noch nicht  in der Na tur  entdeckt  waren. Die 
dadurch erkl~irte Variation im Glykosidformelbild der 
Anthocyane wird in bezug auf ihre Biosynthese disku- 
tiert.  

13 T. A. G E I S S ~  and E. HINREINER, Bot. Rev. 18, 77 (195~). 
la j .  B. HARBORNE, Nature 179, 429 (1957). - "W. J.  C. LAw- 

RRNC~, Heredity (in press). - G. H. BEAL~, J. R. PRicE,and R. SCOTT- 
MONCmEFF, J. Genet. 41, 65 (1940) . -  G. A. L. MEttLQUIST and 
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Gibbere l l en ic  Ac id ,  a B y - p r o d u c t  of  Gibbere l l i c  
Acid  F e r m e n t a t i o n  

Recently, CRoss et al. 1 have proposed a structure (I) 
for gibberellic acid and have shown tha t  the products of 
sliccessive acid degradation, allo-gibberic and gibberic 
acid, possess the structures I I  and I I I .  In  our labora- 
tories gibbercllic acid, isolated * from cultures of Fusa- 
rium monili]orme and crystallized from ethyl acetate, 
was found to contain varying amounts  of a by-product  
readily detectable by  means of its strong absorption in 
the ultraviolet  region as well as by  its immobi l i ty  on 
paperchromatogram. Using a bu tanol -ammonia  systemL 
for example, it  remains a t  the point  of application while 
gibbcrellic acid moves with an Ry value of 0.4. This by-  
product,  /or which we propose the name gibberellenic 
acid, was first obtained as a molecular complex with 2 

1 S. E. CROSS, J. F. GROVE, J. MACMILLAN, and T. P. C. MUL- 
HOLLAWB, Chem. Ind. 1956, 954. 

2 S.  TAKAHASI, H, KITAMURA, A. KA'vVARADA, Y. SETAt M. TA- 
KAI, S. TAMURA, and Y. SUMIKIj Bull. agric, chem. Soc. Japan 19 (4), 
~67 (1955). 
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moles of gibberellic acid. Digestion of this complex with 
hot chloroform followed by recrystallization of the in- 
soluble residue from ethyl acetate gave gibberellenic acid 
(m.p. 185 °, gas evolution), a dicarboxylic acid with the 
same composition as gibberellic acid (Analysis. Calculat- 
ed for C19H,20~: C, 65.88; H, 6.40; tool. weight, 346. 
Found:  C, 66.16; H, 6.58; mol. weight by electrometric 
titration, 354). In  the pea elongation test 8 gibberellenic 
acid was found to be devoid of biological activity. 

In  contrast to gibberellic acid which is t ransparent  
between 220 and 400 m/~, gibberellenic acid strongly ab- 
sorbs at 253 m/~ ( e =  19,200). Sodium borohydride in 

3 p. W. BRIAN, G. W. ELSON, H. G. HEMMING, and M. RADLEY, 
J. Science Food Agric. a, 60~ (1964), 

methanolic solution does not  affect- this  absorption 
maximum, but  2 moles of hydrogen are taken up rapidly" 
when gibberetlenic acid is reduced with pal ladium catalyst 
in ethanol.  The resulting solution has become t ransparent  
at 253 m/~. Wi th  p la t inum oxide as the catalyst  a third 
mole of hydrogen is taken up slowly. 

Gibberellenic acid appears to be an intermediate in 
the conversion of-gibberellic acid to allo-gibberic (and 
gibberic) acid as evidenced by the following observa- 
tions: Solutions of I in dilute hydrochloric acid (0.1-1 N) 
or in m.ethanolic sulhiric ac id  at room temperature 
develop absorption at  253 mN. In  1% methan01ic sul- 
furic acid this absorption at ta ins  in about  6 h a value 
corresponding to a 90% conversion to gibberetlenic acid 
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a n d  t h e n  remains  a t  this  level .  I n  aqueous  so lu t ion  un-  
de r  o p t i m u m  cond i t ions  t h e  m a x i m u m  v a l u e  a t t a ined  
Corresponds to  approximate ly-  a 50% convers ion  and  
t h e n  s lowly  decreases  unt i l  t he  abso rp t ion  approaches  
t h a t  of  atlo-gibberic acid  (max.  = 266 mp,  e = 320) 4. 
F u r t h e r m o r e ,  g ibberel lenic  ac id  yields allo-gibberic and  
gibber ie  acid  when  t r e a t ed  under  t he  acidic  condi t ions  
described~ for t he  p r epa ra t i on  of these  two  acids  f rom I. 

The  above  obse rva t ions  s t rong ly  ind ica te  t h a t  gib- 
bere l lenic  acid  is an a r t i f ac t  p roduced  f rom I by  acid 
ca ta lys is  dur ing  the  f e r m e n t a t i o n  and /o r  isola t ion 
process.  Accep t ing  the  p roposed  s t ruc tu re  1 for gibberel l ic  
ac id  (I). gibb~r~ lIenic ac id  m a y  be  fo rmu la t ed  as IV,  i ts  
f o rma t ion  f rom I p r e s u m a b l y  p roceed ing  by  w a y  of  the  
c a r b o n i u m  ion i n t e r m e d i a t e  (V)L No s t r i c t ly  ana logous  
mode l  for compar i son  of u l t r a v i o l e t  abso rp t ion  appears  to 
be  ava i lab le  b u t  t he  obse rved  abso rp t i on  of I V  is no t  in- 
compa t ib l e  w i t h  t he  v a l u e s  r epor t ed  for d iene  s y s t e m s t  
The  res is tance of the  t e t r a - s u b s t i t u t e d  double  bond in 
IV  towards  h y d r o g e n a t i o n  (see above)  is no t  surpr is ing 
and  finds i ts  para l le l  in t he  observed  res is tance to 
c a t a l y t i c  r educ t ion  of an  ana logous  double  bond  in A s,9- 
b icyc lo(4 .3 .0)nonene-5 ,5-d icarboxyl icL A l t h o u g h  the  
ev idence  p resen ted  here  does n o t  rule ou t  the  a l t e rna te  
s t ruc tu re  (VI) for g ibberel lenic  acid,  t he  r eady  conver -  
s ion of th is  acid by  d e c a r b o x y l a t i o n  and  d e h y d r a t i o n  to  
t h e  a r o m a t i c  allo-gibberic ac id  (II)  suppor t s  s t ruc tu re  IV.  

A l t h o u g h  the  d a t a  r epo r t ed  here  suppo r t  t he  con ten-  
t ion t h a t  g ibberel lenic  acid  (IV) is de r i ved  f rom I by  
acid  cata lysis ,  t he  convers ion  of  I to  IV  in aqueous  acid 
on a p r e p a r a t i v e  scale was no t  feasible because  of the  
low so lub i l i ty  of I and  the  f o r m a t i o n  of fu r the r  degrada-  
t ion  p roduc t s  unde r  these  condi t ions .  On  the  o the r  hand,  
acid me thano lys i s  fol lowed by  neu t r a l i za t ion  wi th  
me thano l i c  sod ium m e t h o x i d e  p rov ided  a new crys ta l -  
l ine dibasic  acid (m.p. 188-190 °, gas evolu t ion)  which  
l ikewise has  an  abso rp t ion  m a x i m u m  a t  253 m #  (s = 
19,000). Th is  acid  was recovered  unchanged  a f te r  a 12 h 
t r e a t m e n t  w i t h  i N sod ium hydrox ide .  Th i s  obse rva t i on  
t oge the r  w i th  the  ana ly t i ca l  d a t a  (Calcula ted  for 
C2oH2,Oe: C, 66-65; H,  6.71 ; O-CHa(1),  8.61 ; tool. weight ,  
360. F o u n d :  C, 66.11; H,  7.25; O-CH3,  7.89; m o l . w e i g h t  
by  e lec t romet r i c  t i t r a t ion ,  360) al low the  fo rmula t ion  of 
th is  acid as the  m e t h y l  e ther  of g ibbere l lenic  acid (VII).  
The  a l t e rna t e  s t ruc tu re  (VII I )  can  be ru led  ou t  since its 
f o r m a t i o n  requi res  an  un l ike ly  c a r b o n i u m  ion in ter -  
media te .  T h a t  th is  m e t h y l  e ther -ac id  is cor rec t ly  re- 
p resen ted  by  V I I  was d e m o n s t r a t e d  b y  its convers ion  to 
allo-gibberic acid (II),  e m p l o y i n g  the  mi ld  acidic  con-  
d i t ions  ~ which  effect  the  convers ion  of I to  I I .  Vigorous  
ac id  t r e a t m e n t  4 of V I I  yie lds  g ibber ic  acid  ( I I I ) .  T h e  
d i rec t  convers ion  of IV to V I I  using me thano l i c  sulfur ic  
acid  could  n o t  be real ized ind ica t ing  t h a t  the  convers ion  
of I to V I I  does no t  invo lve  I V  as an  in t e rmed ia t e .  

Gibbere l l in  A, has  been  r epo r t ed  s to  be a d ihydro-  
gibberel l ic  acid  h a v i n g  one double  bond  and should  

4 B. E. CRoss, J. chem. Soc. 1954, 4670. 
5 This transformation closely resembles the acid catalyzed con- 

version ofv-santonin tov,-santonic acid. - N. M. CHOPRA, W. COCKER, 
J. T. ED%VARD, T. ]3. H. McMuRRY, and E. R. STUART, J. chem. Soc. 
1956, 1828 and other references listed. 

L. L. F1ESER and M. FIESER, Naturalproducts related to Phenan- 
threcw (Reinhold Publishing Corporation, New York I949), p. 185. 

v A. T. BLOMQUIST, J. %VOLINSKY, Y. C. MEINWALD, and D. F. 
LONGONE, J. Amer. chem. Soc. 78, 6058 (1956). - We thank Dr. 
BLO~QUlST for the generous gift of this model compound. 

s y. SETA, H. KITAMURA, N. TAKAHASHI, and ¥. SUMIKI, Bull. 
agric, chem. Soc. Japan 21, 73 (1957). This structure has recently 
been confirmed by Dr. MAc MILLAN and his group. (Personal com- 
munication to K.G.) 

there fore  be  I X  or  X.  As a sample  of gibberel l in  A19 in 
acidic  so lu t ion  d id  n o t  deve lop  the  t yp i ca l  abso rp t ion  a t  
253 m/t ,  i t  m u s t  possess s t ruc tu re  I X .  Th is  same s t ruc-  
ture  has  r ecen t l y  been  proposed  b y  Su~IKI  et al. s on t h e  
basis of  ozonolysis  exper iments .  
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Zusammen/assung 
U n t e r  den  F e r m e n t a t i o n s p r o d u k t e n  yon  Fusarium 

rnonili]orme f inde t  s ich neben  der  b e k a n n t e n  Gibt~erellin- 
s~ture als N e b e n p r o d u k t  die Gibbere l lens~ure .  I den t i -  
f iz ierung und Cha rak t e r i s t i ka  dieser  Siiure (IV) werden  
beschr iebenl  F i i r  Gibbere l l in  A 1 wird die S t r u k t u r  (IX) 
angegeben .  

9 We thank Dr. F. H, STODOLA O f Peoria, Illinois, for the generous 
gift of a sample of pure gibberellin A 1. 

Release  of  Bradyk in in  as  Related to the Es terase  
Act iv i ty  of Tryps in  and of the V e n o m  of 

Bofhrops jararaea 

I n  a p rev ious  pape r  x we h a v e  shown t h a t  the  b rady-  
k in in  re leas ing a c t i v i t y  of the  v e n o m  of Bothrops ]araraca 
is n o t  re la ted  to  its p ro t eo ly t i c  a c t i v i t y  on casein. Two  
a p p a r e n t l y  d i s t inc t  p ro t eo ly t i c  ac t iv i t i es  were  d e m o n -  
s t r a t ed  in t he  v e n o m  depend ing  upon  the i r  d i f fe ren t  h e a t  
to le rance .  Whi l e  t h e  a c t i v i t y  on casein  was  found  to  be  
eas i ly  des t royed  on  a few minu t e s  hea t i ng  in boi l ing 
water ,  the  r ema in ing  es terase  a c t i v i t y  on benzoyl-L- 
arginine  m e t h y l  es te r  (BAME) p r o v e d  to  be  more  
t h e r m o s t a b l e  and  o n l y  pa r t i a l ly  des t royed  2. As shown 
by  SCHW~RT et al. 3 t ryps in  besides i ts  p ro teo ly t i c  a c t i v i t y  
on casein  also d isplays  esterase a c t i v i t y  on B A M E ,  the  
l a t t e r  be ing  cor re la ted  to  its amidase  a c t i v i t y  on benzoyl -  
L-arginine amide  4. The  v e n o m  of Bothrops ]araraca has 
also been shown to  ac t  on casein  and  the  benzoyl-L-  
a rg in ine  e thy l  es ter  s. I t  there fore  seems possible t h a t  t h e  
c o m m o n  m e d i a t o r  for b r a d y k i n i n  release of b o t h  t ryps in  
a n d  t h e  snake v e n o m  m a y  be  the i r  r e spec t ive  es terase  
ac t iv i t ies .  I n  t he  p resen t  w o r k  we h a v e  shown  t h a t  such  
a cor re la t ion  can  be demons t r a t ed .  I f  t ryps in  inh ib i to r  is 
r e m o v e d  by  app ly ing  the  d e n a t u r e d  p lasma  as a sub-  
s t r a t e  a d i rec t  re la t ionship  is found be tween  the  b r a d y -  
k in in  re leas ing effect  of t ryps in  and  the  hea t ed  v e n o m  
of Bothrops ]araraca when  c o m p a r e d  wi th  the i r  r espec t ive  
es terase  ac t iv i t i es  on B A M E .  

H e a t i n g  a solut ion of the  v e n o m  in a boi l ing wa te r  
b a t h  for 1-3 min  x was enough  to  de s t roy  comple t e ly  i ts  
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