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The effect of freezing on the length and average epiphyseal width of 
7 day old embryonic chick tibiae after 8 days' cultivation. 

l Mean log length 

IzfitiaI Final 

0.616 0-800 
0-622 0-676 

Treatment Difference 
(d) 

Unlrozen . . 0-184 
Frozen 0-054 

Standard error of d: 0.015, 8 D.F. 

Treatment Difference 
(d) 

Unfrozen . . 
Frozen . . . 

Mean log epiphyseal width 

Initial Final 

0.124 0.200 
0.122 0.206 

0~076 
0.084 

Standard error of d: 0.012, 8 D,F. 

The  measu remeh t s  ob ta ined  f rom the  c a m e r a  luc ida  
drawings  m a d e  af te r  3 days '  cu l t i va t ion  are  summar i zed  
in the  Table .  The  resul ts  d e m o n s t r a t e  t h a t  a l t hough  the  
frozen bones e longa ted  to  a s igni f icant  degree  (tls / = 3.60, 
0.01 > P > 0.001), t h e  e x t e n t  of t he  e longa t ion  was  
m u c h  less t h a n  t h a t  obse rved  on the  unf rozen  controls .  
The  Table  also shows t h a t  cons iderable  and  equa l  
g rowth  of t h e  epiphyses  occur red  in b o t h  the  f rozen and  
unfrozen bones.  

His to logica l  e x a m i n a t i o n  of t he  exp tan t s  showed t h a t  
t h e  m a j o r i t y  of the  rounded  ep iphysea l  and  f l a t t ened  
cells su rv ived  the  freezing,  a l though  in m o s t  spec imens  
some ceils in the  cen t re  of the  epiphys is  were  dead  
(Fig. 1). I n  cont ras t ,  however ,  a large n u m b e r  of t he  
cells in the  d iaphys is  were  dead.  A few were  a l ive  and  
hyper t roph ied ,  b u t  t h e y  appeared  v e r y  d i s to r ted  (Fig. 2). 
The  per ios teum and  the  zone of per ios tea l  oss i f ica t ion 
was normal .  I n  some specimens,  cu l t i va t ed  for 6 days  
af ter  freezing, mi to t i c  figures were  found  in t he  out-  
g rowth  of f ibroblasts ,  the  pe r ios t eum and a m o n g  t h e  
chondrocy tes  of the  epiphysis .  

(2) The  t ib iae  f rom six ch ick  embryos  (6 days '  incuba-  
tion) were employed .  The  two t r e a t m e n t s  were s torage 
for 1 h a t  - -79°C  and subsequen t  cu l ture  a f te r  (a) freez- 
ing in no rma l  saline, and (b) f reezing in 15% g l y c e r o l  
saline. 

Af t e r  3 days '  cu l t i va t ion  al l  the  bones f rozen in n o r m a l  
saline were  dead. All  the  bones f rozen in glycerol  saline,  
however ,  su rv ived  the  freezing, The  degree of e longa t ion  
var ied  f rom specimen to  specimen.  Two  of the  bones  
doubled  the i r  l eng th  and  r ema ined  n o r m a l  in shape,  
while the  o thers  e longa ted  to a lesser degree  accompan ied  
by  some dis tor t ion.  I n  MI spec imens  the  ep iphysea l  and  
f l a t t ened  cells were  n o r m a l  in appea rance  and  showed  
mi to t i c  ac t iv i ty .  No  necrosis was seen in  these  regions.  
Only  a few cells were  dead  in t he  diaphysis ,  t he  m a j o r i t y  
being hyper t roph ic .  I n  some regions of t he  diaphysis ,  
howeverTthe-ma~crixwas a b n o r m a l  in s t ruc ture ,  a l t hough  
i t  s ta ined me tach roma t i ca l l y  wi th  to lu id ine  blue.  

IV.  Discuss ion . -The  results  show t h a t  i t  is possible to 
freeze, and  subsequen t ly  revive ,  all par t s  of the  car t i lagi -  
nous t ib iae  f rom 6 d a y  old chick embryos ,  p rov ided  
glycerol  is p resent  in t he  freezing med ium,  I n  cont ras t ,  
on ly  the  epiphysis  of the  t ib iae  f rom 7 d a y  old embryos  
surv ive  to any  ex ten t .  Thus,  dur ing  a per iod of 24 h 
normal  g rowth  and d i f fe ren t ia t ion  the  m a j o r i t y  of t he  
cells in the  diaphysis  become sensi t ive to  t he  effects of 

f reezing and are  no t  p r o t e c t e d  by  glycerol .  A t  th is  stage 
of e m b r y o n i c  d e v e l o p m e n t  t he  t ib ia  undergoes  rapid 
d i f fe ren t ia t ion ,  t he  mos t  spec tacu la r  change  being the 
h y p e r t r o p h y  of the  d iaphysea l  cells. 

T h e  causes of  ce l lu lar  d a m a g e  on freezing,  and  the  
m e c h a n i s m  of t he  p ro t ec t i ve  ac t ion  of glycerol  which is 
found wi th  a lmos t  all  t issues s tud ied ,  has  been  analysed 
f rom a genera l  po in t  of v i ew b y  LOVELOCK 6. I t  is con- 
ce ivable  t h a t  t h e  fai lure  of glycerol  to  p ro t ec t  the  did- 
physea l  cells is due  to  increased suscep t ib i l i ty  to  raised 
e lec t ro ly te  concen t r a t i ons  or  to  t he  h igh  glycerol  con- 
cen t ra t ions .  Changes  in t h e  pe rmeab i l i t y  of t he  cell 
m e m b r a n e s  m a y  also be invo lved .  Al t e rna t ive ly ,  the  
f o r m a t i o n  of  m a t r i x  m a y  re t a rd  the  p e n e t r a t i o n  of 
glycerol .  

The  resul ts  of f reezing t ib iae  f rom 7 d a y  old embryos  is 
also of in te res t  f rom a morphogene t i c  po in t  of view,  for 
t he  effect  is to  des t roy  d i f fe ren t ia l ly  the  zone of hyper-  
t roph ic  d iaphysea l  cells. I n  th is  zone, un l ike  the  zones 
of ep iphysea l  and  f l a t t ened  cells, mi toses  are  rare ly  
seen ~. Thus ,  t he  fac t  t h a t  e longa t ion  of t he  bone is 
suppressed when  the  h y p e r t r o p h i c  zone is des t royed  
d e m o n s t r a t e s  e x p e r i m e n t a l l y  t h a t  t he  process of hyper-  
t r o p h y  p lays  an  i m p o r t a n t  role in de t e rmin ing  the  shape 
of  the  deve lop ing  car t i l ag inous  rud imen t .  

J .  D. BIGGERS 

Department o/ Physiology, Royal  Veterinary College, 
London, August  5, 1957. 

Zusammen/assung 

Tib ien  yon  sechs Tage  a t ten  H i i h n e r e m b r y o n e n  fiber- 
leben eine Ahkf ih lung  an t  - -79°C.  I m  Gegensa tz  dazu 
werden  die h y p e r t r o p h i s c h e n  Zel len der  Diaphyse  yon 
Tib ien  s iebent i ig iger  E m b r y o n e n  durch  Gefr ieren weit-  
gehend  zers t6r t ,  w/ ihrend der  R e s t  der  R u d i m e n t e  fiber- 
lebt.  

5 j .  E. LOVELOCK, Biophysical aspects o/the lreezing o] tivingcells 
in Preservation and transplantation o] normal tissues (Ed. G. E.W. 
Wotstenholme & M. P. Cameron; Churchill, I~ndon 1054). 

6 H. 13. FELL, J. Morph. 40, 417 (1925). 

Uraci l  M e t a b o l i s m  in Neurospora crassa 

T h a t  a r e d u c t i v e  p a t h w a y  for py r imid ine  ca tabol i sm 
exis ts  was f irs t  sugges t  by  FINK et al. 1. Later ,  by  t racer  
e x p e r i m e n t s  in  vitro and  in  vivo ~, by  c h r o m a t o g r a p h y  3, 
and by  e n z y m e  s tudies  4, i t  was  es tabl ished b e y o n d  doubt  
t h a t  t h y m i n e  o r  urac i l  m a y  be deg raded  to  r - amino  
acids  v i a  t he  cor respond ing  d ihyd ropy r imid ines  and 
fl-ureido acids  in an ima l  t issues.  

i K. FII,~K, R. B. HENDERSON, and R. M. FINK, 3. biol. Chem. 
197, 441 (1952). 

2 K. FINK, R. E. C l . ~ ,  R. B. H~DERSON, and R. M. IaINK, 
J. bid. Chem. ggl, 425 (1956). - E. S. C&~I~LLAKIS, J. biol. Chem. 
ZZl, 315 (i956). - P. FRITZSON and K. F. NAKKES, Ac~ta chem. scand. 
10, 161 (1956). - P. FRITZSON, J. biol. Chem. 226, 223 (1957). - P. 
FRITZSON and A. PmL, J. biol. Chem. 2°~6, ~29 (1957). 

a R. M. F~NK, K. FINK, and R, 13, HENDeRSOn, J. biol. Chem. 
201, 349 (1953). - R. M. FINK, C. McGA~6nEY, R. E. CLINg, and 
K. FIN~, J. biol. Chem. e18, 1 (1956), - K, FINK, J. biol. Chem. e18, 
9 (1956). 

4 S. GRISOLIA and D. P. "vVALLACH, Biochim. blophys. Aeta 18, 
449 (1955). - D. P. WALLACH and S. GRISOLIA, J. biol. Chem. ~26, 
277 (1957). 
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DICARLO et al. 5 f i rs t  s u g g e s t e d  t h a t  s u c h  a m e t a b o l i c  
p a t t e r n  is o p e r a t i v e  in  m i c r o o r g a n i s m s .  O t h e r #  h a v e  
p r e s e n t e d  e v i d e n c e  t h a t  t h e  r e d u c t i v e  p a t h w a y  of u rac i l  
i s  e s sen t i a l ly  t h e  s a m e  in  b a c t e r i a  as  in  a n i m a l  t i ssue .  
A p p a r e n t l y ,  thexe__is a de l ica te ly . . .ba lanced  s y s t e m  be-  
t w e e n  t h e  d e g r a d a t i o n  of u rac i l  a n d  i t s  u t i l i z a t i o n  for  
n u c l e o t i d e s L  T h e  r e d u c t i v e  p a t h w a y  for  u rac i l  d e g r a d a -  
t i o n  is s h o w n  in  F i g u r e  1. 

MITCHELL et at. s r e p o r t e d  o n  t h e  p r o p e r t i e s  of four  
d i s t i n c t  m u t a n t s  of Neurospora  t h a t  r equ i r e  p y r i m i d i n e s  
for  g r o w t h .  T h i s  p a p e r  e x t e n d s  t h e  o b s e r v a t i o n s  of  one  
of t h e s e  m u t a n t s ,  P y r - 1  (263), t o  new  s u b s t r a t e s .  T h e  
new  s u b s t r a t e s  were  s u g g e s t e d  b y  t h e  w o r k  of KORN- 
BERG ' ,  in  w h i c h  he  h a s  s h o w n  t h a t  p y r i m i d i n e s  a re  
s y n t h e s i z e d  a c c o r d i n g  to  t h e  p a t h w a y  s h o w n  in  F i g u r e  2. 
T h e  g r o w t h  p r o p e r t i e s  of P y r - 1 ,  a n d  o t h e r  p y r i m i d i n e  
m u t a n t s  w h i c h  wil l  b e  d e s c r i b e d  e l sewhere ,  are  c o m p a t -  
ible  w i t h  t h i s  scheme .  T h i s  p a p e r  also desc r ibes  t h e  
c o m p o u n d s  a c c u m u l a t e d  b y  Pyr -1 ,  a n d  b y  w i l d - t y p e  73a. 
T h e s e  d a t a  a re  p r e s e n t e d  as e v i d e n c e  t h a t  a r e d u c t i v e  
p a t h w a y  for  u rac i l  d e g r a d a t i o n ,  s i m i l a r  to  t h e  one  
r e p o r t e d  for  o t h e r  o r g a n i s m s ,  ex i s t s  in  Neurospora ,  a n d  
t h a t  t h i s  p a t h w a y  m a y  be  r e v e r s e d  to  s u p p o r t  g r o w t h  
of t h e  p y r i m i d i n e - r e q u i r i n g  m u t a n t ,  Pyr -1 .  

T h e  m i n i m a l  m e d i u m  used  in  t h e s e  e x p e r i m e n t s  is 
de sc r ibed  e l sewhere  10. T h e  p y r i m i d i n e  s u p p l e m e n t s  a re  
a d d e d  on  a m i c r o - m o l a r  e q u i v a l e n t  ( r a m  eq.) basis .  (The  
m o l e c u l a r  w e i g h t  of urac i l ,  100 r a t h e r  t h a n  112, se rves  
as  a base . )  T h e  g r o w t h  m e a s u r e m e n t s  r e p o r t e d  a re  m a d e  
f r o m  d r i ed  (24 h a t  60°C) myce l i a l  p a d s  h a r v e s t e d  f r o m  
40 m l  of l iqu id  m e d i u m  i n  250 ml  E r l e n m e y e r  f lasks .  
D u r i n g  t h e  g r o w t h  per iod ,  t h e  c u l t u r e s  a re  i n c u b a t e d  a t  
27°C, a n d  r ep l i ca s  a re  h a r v e s t e d  a t  24 h i n t e r v a l s  fol low- 
ing  i n o c u l a t i o n .  

Fig. 1.--Reductive Pathway of Uracil Metabolism. 
4- 2H 4- H20 / fl-alanine 

Uracil ~_ dihydrouraeil ~ fl-ureidopropionate \ 
NHa + COz 

Af t e r  a 96 h i n c u b a t i o n  per iod ,  on  10 m M  eq. of t h e  
va r i ous  s u b s t r a t e s ,  Py r -1  y ie lds  (in m g  myce l ia ,  d r y  
weight )  t h e  fo l lowing:  u r i d i n e  92 mg,  c y t i d i n e  100 mg,  
u rac i l  62 mg, d i h y d r o u r a c i l  19 mg,  f l -u re idoprop ion ic  
ac id  21 mg.  See F i g u r e  3 for  c o m p a r a t i v e  g r o w t h  r a t e s .  
On  cy tos ine ,  o n l y  a t r a c e  of g r o w t h  is found ,  a n d  t h y -  
mid ine ,  t h y m i n e ,  u r e idosucc in i c  acid,  d i h y d r o o r o t i c  acid,  
a n d  f l -a lanine  fai l  t o  s u p p o r t  a n y  g r o w t h .  All of t h e  
c o m p o u n d s  in  t h e  u rac i l  d e g r a d a t i o n  p a t h w a y ,  e x c e p t  
f l -alanine,  a re  c a p a b l e  of p a r t i a l l y  s a t i s f y i n g  t h e  p y r i m -  
id ine  r e q u i r e m e n l ;  of Pyr -1 .  T h e s e  d a t a  i n d i c a t e  t h a t  in  
t h e  a b s e n c e  of su f f i c i en t  u r id ine ,  t h e  r e d u c t i v e  p a t h w a y  
is r eve r sed  to  f u n c t i o n  s y n t h e t i c a l l y .  

F. J. DICARLO, A. S. SCHULTZ, and A. M. KErr, J. biol. Chem. 
199, 333 (1952). 

6 R. M. FINE, R. E. CLONE, and H. M. G. KocH, Fed. Proc. 13, 
207 (1954). - L. L. CAMPBELL, Jr., J. Bact. 73, 220 (1957); 73, 225 
(1957). 

7 K.C. LEIBMAN and C. HEIDELBERGER, Fed. Proe. 14, fi:4~(1955~ 
- U. LA~ERKVIST and P. REICHAnD, Acta chem. seand. 8, 361 (1954). 
- R. J. RUTMAN, A. CANTaROW, and K. E. PASCHKIS, J. biol. Chem. 
210, 321 (1954). - E. S. CANELLAKIS, Fed. Proc. 14, 324 (1955). 

s H. K. MITCHELL and M. B. HOULAHAN, Fed. Proc. 6, 506 (1947). 
- A. M. ~JICHELSON, ~[. DRELL, and II. K. MITCHELL, Proc. nat.  
Acad. Sci., Wash. 37, 396 (1951). - H. K, MITCHELL, Symposium on 
Growth Factors, 6th Congr. int. MicrobioL (1953)~ p. 75. 

9 A. KORNBER % The Chemical Basis o/Heredity, Symposium of 
the McCollum-Pratt Institute (The Johns Hopkins Press, 1957), 
p. 579. 

10 V. W. WOOnWARD, J. R. DEZEEuw, and A. M. SRB, Proe. nat. 
Aead. Sei., Wash. 40, 192 (1954). 

Fig. 2.--The Pyrimidine Biosynthetic Pathway (of. KORNBERG 9) 
4- H¢O 4- 2H PRPP --CO 2 

Ureidosuccinic__~ dihydroorotie _+ orotic _+ orotidine-5"--~ uridine-5" 
acid <--- acid -e- acid +-  phosphate phosphate 

A c c o r d i n g  t o  t h e  p a t h w a y  of u r i d i n e - 5 ' - p h o s p h a t e  
syn thes i s ,  F i g u r e  2, a n d  to  t h e  g r o w t h  d a t a  p r e s e n t e d  
a b o v e ,  Pyr -1 ,  is gene t i c a l l y  b locked  b e t w e e n  d i h y d r o -  
o ro t i c  ac id  a n d  o ro t i c  ac id ;  i t  g rows  o n  t h e  l a t t e r  a n d  al l  
s u b s e q u e n t  c o m p o u n d s  in  t h e  p a t h w a y ,  b u t  n o t  o n  t h e  
fo rmer .  T h e  p r o d u c t s  a c c u m u l a t e d  in  t h e  m y c e l i a  of  
Pyr -1 ,  h o w e v e r ,  do  n o t  s u p p o r t  t h i s  view.  Myce l ia l  ex -  
t r a c t s  for  c h r o m a t o g r a p h y  a re  p r e p a r e d  b y  t h e  m e t h o d s  
of FII~CHAM a n d  BOYLEN 11. F r o m  these  s tud ies ,  i t  is 
c l ea r  t h a t  u re idosucc in i c  ac id  a c c u m u l a t e s  in t h e  myce l i a ,  
b u t  d i h y d r o o r o t i c  ac id  does  n o t  a c c u m u l a t e  in  ~ e t e c t a b l e  
q u a n t i t i e s .  S ince  u r e idosucc in i c  ac id  is n o t  d e t e c t e d  in  
t h e  m e d i u m ,  b u t  o n l y  in  t h e  myce l ia ,  i t  is p r o b a b l e  t h a t  
i t  is i m p e r m e a b l e .  T h e  d i s p a r i t y  b e t w e e n  t he  g r o w t h  
d a t a  a n d  t h e  a c c u m u l a t i o n  p r o d u c t s ,  as to  t h e  e x a c t  
l o c a t i o n  of t h e  gene t i c  b lock,  m i g h t  be  due  to  t h e  im-  
p e r m e a b i l i t y  of d i h y d r o o r o t i c  acid.  A t  a n y  ra te ,  t h e  
gene t i c  b l o c k  is b e w e e n  u re idosucc in i c  ac id  a n d  oro t ic  
acid ,  see F i g u r e e  2. 

E v i d e n c e  t h a t  t h e  r e d u c t i v e  p a t h w a y  o p e r a t e s  c a t a -  
bo l i ca l ly  comes  f r o m  a n a l y s e s  of w i ld - type .  The  accu-  
m u l a t i o n  p r o d u c t s  of a e r a t e d  c u l t u r e  m e d i a  a re  d e t e r m i n -  
ed  b y  f i r s t  c o n c e n t r a t i n g  1 1 of m e d i u m ,  a f t e r  72 h of  
g r o w t h ,  to  1/25-1/50 t h e  o r ig ina l  v o l u m e .  Fo l lowing  f i l t r a -  
t i o n  a n d  p r e c i p i t a t i o n  of excess  s a l t s  in  t h e  cold,  t h e  
c o n c e n t r a t e  is c h r o m a t o g r a p h e d  b y  t h e  m e t h o d s  of  
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I - Wild-type on rain. or uridine 
- Pyr-1, on 10 mM eq. uridine 

3 - Pyr-1, on 10 mM eq. uracil 
4 - Pyr-1, on 10 mM eq. ureidopropionic acid 
5 - Pyr-l, on 10 mM eq. dihydrouraeil 

24 48 72 96 
hours incubation 

Fig. 3.--Comparative Growth Curves of Wild-type and Pyr-1 on 
Various Substrates 

11 j .  R. S. FINCHAM and J. B, BOVI.EN, J. gen. Microbiol. 46, 
438 (1957). 
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FINK et al. 1~. When wild-type is cultured in minimal 
medium, the compounds  of the reduct ive pathway,  
dihydrouracil and fl-ureidopropionic acid, cannot  be 
detected in the medium, but  when grown in excess 
uridine these compounds accumulate. I t  is conjectured 
that  during growth the uridine synthesized is used for 
nucleotides, but  with excess uridine present, uracil 
arises from nucleotide degradation, and, after accumulat-  
ing in sufficient quanti ty,  is further degraded to fl- 
alanine, NH~ and CO,. 

There is also evidence of a uracil pool in Neurospora. 
Wild-type, cultured in I0 m M  eq. of uracil, consumes 
approximately 70°/0 ,of the uracil during the first 96 h of 
incubation according to spectral analyses. I t  is not  
known at present what  proportion of this is degraded 
and what  proportion is used for nucleotide synthesis, but,  
when grown in minimal medium, wild-type accumulates 
approximately 0.1 rnM eq. of uracil wi thout  any de- 
tectable accumulation of dihydrouracil  and fl-ureido- 
proponic acid. That  the accumulated product  is uracil 
can be verified by cross-feeding experiments.  I t  has been 
shown with rat  liver slices ~3 tha t  the uracil -+ dihydro- 
uracil reaction is the rate-limiting step of the degradation 
pathway;  if this is so in Neurospora, as our prel iminary 
evidence indicates, it would explain the existence of a 
uracil pool. 

This work will be published in fuller detail  elsewhere. 
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V. W. WOODWARD, 
K. D. MUNKRES, and Y. SUY,~A 

Kansas State College, Manhattan, August 20, t957. 

Zusamraen]assung 
Der Pyrimidinbedarf  der Neurospora crassa-Mutante 

Pyr-1 (263) kann dutch alle beim reduktiven Abbau des 
Uracils durchlaufenen Zwischenprodukte, mi t  Ans- 
nahme des fl-Alanins, zum Teil befriedigt werden, n~m- 
lich durch fl-Ureidopropions~ure, Dihydrouracit  und 
Uracil. V~rildwachsende Neurospora speichert nach Zu- 
lage yon Uridin in der N~hrl6sung fl-Ureidopropions~ure 
und Dihydrouracit,  aber nicht bei Abwesenheit  yon Uri-  
din. Aus diesen Feststellungen folgt, dass der redukt ive  
Umbau des Uracils je nach den Konzentrat ionsver-  
schiebungen in der NAhrl0sung im aufbauenden oder im 
abbauenden Sinne verlaufen kann. 

I~ R. M. FINK, R. E. eLItE, G. McGAuoHEY, and K. FINK, 
Analyt. Chem. 28, 4 {1956). 

13 p. FRITZSOIq, J, blol. Chem. 026, ~23 (1957). 

Variations in the Glycosidic Pattern of  

Anthocyanins 
Part III 

A study of the glycosidic nature of the anthocyanin 
plant  pigments is being carried Out as par t  Of an in- 
vestigation of the role of glycosidation in anthocyanin 
biosynthesis.  The discovery of a new type of glycoside, 

1 Part I: Nature 179, 429 (1957). 

in which the anthocyanidin has two sugar residues in 
the 3-position and one in the 5-position, has been re- 
ported earlier ~. Other novel  types of '  anthocyanidin 
glycosides have now been f o u n d  in a var ie ty  of plant 
material.  Most progress has been m a d e w i t h  glycosides 
of pelargonidin (3, 5, 7, 4"-tetrahydroxyflavylium chlo- 
ride) since it  is possible in most cases to determine the 
position of the sugar residues wi thout  recourse to de- 
tailed chemica l  analysis. F o r  example, pelargonidin 
glycosides which have a sugar residue in the 5-position 
display a characteristic yellow fluorescence in ultra- 
violet  light ~. 

The method of determining the position and nature 
of the sugar residues of anthocy~nins employing the 
techniques of paper part i t ion chromatography have 
been outlined elsewhere. 4. I t  consists of hydrolysing a 
solution of the anthocyanin,  carefully purified by re- 
peated chromatography,  and identifying the aglycone 
and  sugars by standard procedures. The number  and 
position' of the sugar residues is t h e n  obtained by con- 
trolled acid hydrolysis of the anthocyanin and examin- 
ing all the simpler glycosides produced as intermediates.  
The comparison of R s values with known pigments in a 
var ie ty  of solvent  systems is also necessary for identi- 
fying new compounds. Since our earlier reportsL one 
modification has had to be introduced into the method, 
since it was found tha t  arabinose is  produced as an arti- 
fact during the purification of anthocyanins on What ,  
man No. 3 paper i f  solvent mixtures  containing hydro- 
chloric acid ~are used. The presence of this acid was 
considered necessary for prevent ing the anthocyanin 
fading during chromatography.  This difficulty has now 
been overcome by replacing the hydrochloric by acetic 
acid, and by washing the sheets of filter paper  prior to 
their  use with dilute acetic acid. As a result, it has been 
necessary to revise the provisional structures of some 
pigments described earlier as containing arabinose. Thus, 
the acylated pelargonidin derivat ive present in Solanum 
phureja is the 3-rhamnoglucosido-5-monoglucoside and 
the unusual cyanidin glycoside present in the stems of 
Streptocarpus spp., in elderberries and in the leaves of 
Begonia spp. is cyanidin-3-xyloglucoside. In the same 
way, the cyanidin derivat ive of Dahlia variabilis, de- 
scribed recently by NORDSTR6M ~ as the 3-glucosido-5- 
arabinoside, must  be the 3:5-diglucoside, since this 
author  based his identification on chromatographic 
methods using solvents containing mineral  acid.  

In all, some nine chromatographical ly  distinct 
glycosides of pelarg0nidin have been examined, the well 
characterised 3-monoglucoside (callistephin) and 3:5-di- 
glucoside (pelargonin) being available for comparison. 
Variation due to acylation was el iminated by subjecting 
pigments containing acyl groups to alkaline hydrolysis 
before further examination.  Some of the nine glycosides 
fall into the 'classes' described by  the  ROBINSONSL The 
major i ty  of 3-monosides examined are identical with 
callistephin, but  there is evidence tha t  pelargonidin-3- 
monogalactoside occurs in trace amounts  wi th  cyanidin- 
3-monogalactoside in ±he leaves o f  the copper beech, 
Fagus sylvatica. T h e  3-monogluc0side and 3-monoga- 
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