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flowers s, 6, a search for a delphinidin  de r iva t ive  among  the  
an thocyan ins  of roses was under taken .  In  par t icular ,  
b looms of well es tabl ished purple  and m a u v e  var ie t ies  
as well as those of t he  la tes t  and bluest  breeding lines were 
examined .  

No  delphinidin  was found and a r e -examina t ion  of t he  
rose var ie t ies  repor ted  to  conta in  some myr ice t in  4 showed 
t h a t  on ly  kampfe ro l  and querce t in  were present .  In  the  
course of this  Survey, however ,  a th i rd  m a j o r  an thocyan in  

j .  B, HARBORNE 

John Innes Institute, Bay/ordbury (Hert/ord, Hefts), Oc- 
tober 20, 1960. 

5 j .  ]3. HARBORNE, B!ochem. J. a8, 12P (t958). 
s j .  B. HARBoring, Biochem. J. 7~, 26~ (1960), 
7 R. WILLSTATTER and T. J. NOLAN, Liebigs Ann. frO8, 136 (1915). 
S j .  B. HARBORNE, Nature, Lond. 187, 2.t0 {1960). 

Tab. I. Identification of peonin and pelargonin 

Pigment and source 

Peonin authentic 
from Rosa 
from Pelargonium 

Pelargonin authentic 
from Rosa 

Spectral max 
in McOH/HC1 

(in m~x) 

274 523 
273 524 
274 523 
269 505 
266 507 

Spectral ratio 
440m~/max 

(as %) 

13 
14 
13 
21 
20 

1%r details of their identification see 6 

Rf values in 

BAW [ BuHC1 [ l°/o HCI 

0.31 0.10 0.17 
0.31 0.10 0.17 
0.31 0.10 0.17 
0.31 0.14 0.22 
0.31 0.14 0.23 

Hydrolysis Products 

I peonidiu, the 3- and 5- 
[ glucoside and glucose 

I pelargonidin, the 3- and 
J 5-glucoside and glucose 

was d iscovered  in Rosa rugosa and der ived  variet ies,  
e.g. 'Rosera ie  de L ' H a y ' .  The  pinkish red peta ls  of these 
p lan ts  conta in  cyanin  and  the  new pigment ,  which was 
readi ly  ident i f ied  as peonin (Tab. I). Since peonin  is rare  
and has  on ly  p rev ious ly  been found in q u a n t i t y  in peony  
b looms ~, i ts  presence in p ink  roses provides  a va luab le  
a l t e rna t ive  source. Other  new sources are the  p ink  flow- 
ered garden  ge ran ium (Tab. I), a p lan t  a l r eady  known to 
con ta in  pelargonin  and ma lv in  ~', and  da rk  red var ie t ies  of  
Lathyrus odoratus s 

Of the  two  prev ious ly  known an thocyan ins  of roses 
cyan in  is the  mos t  widely  d is t r ibuted ,  being present  in all  
b u t  two of the  hundred  or  so var ie t ies  examined .  The  
pelargonidin  der iva t ive ,  whose iden t i t y  wi th  pe largonin  
has now been confi rmed,  occurs in a n u m b e r  of scar le t  
var ie t ies  (e.g. ' R a d a r '  and  'Wil l  Scarlet ' )  besides those  
a l ready  ment ioned .  Colour in the  rose is therefore  ma in ly  
due to pelargonin,  cyanin  or  peonin or  to mix tures  of these 
pigments .  Traces  of the  r e l a t e d  3-glucosides a c c o m p a n y  
these 3 : 5-diglucosides in some variet ies.  Purple  or  m a u v e  
colours are p roduced  by  co-p igmenta t ion  of cyan in ;  a fact  
which has been establ ished by  spectra l  measuremen t s  of 
aqueous  acid  ex t rac t s  of the  appropr ia te  var ie t ies  (Tab. II) .  

Zusammen/assung. I m  Gegensatz  zu einer frfiheren Mit-  
te i lung konn ten  wir  in den BlumenblAt te rn  der  H y b r i d e n -  
Tee-Rose  kein Myrice t in  finden. DeIphinidin kam in keiner  
der  gepri i f ten Rosenbl t i ten  vor .  I n  ro t en  Var i an ten  erh~It  
m a n  v io le t t e  Fa rben  bei de r  ,Copigmenta t iom)  yon Cya- 
nin. Pe la rgonin  ist  in ge lbro ten  Rosen  v o r h a n d e n  und 
Peonin  wurde  e rs tmals  in de r  rosa Var ian te  gefunden.  

Tab. II. Co-pigmentation in mauve roses 

Variety Petal 
colour 

'Belle Poitevine'  red 
'Reine des Violettes' violet 
McGredy 56[944 violet blue 
McGredy 55/1965 mauve 

Visuahnax 1 
in 1% aqu, 
HC1 (in miz) 

507 
509 
510 
512 

Anthoeyanidin 
formedon acid 

hydrolysis 

cyanidin 
cyanidin 
cyanidin 
cyanidin 

R a t e  of  R e s p i r a t i o n  i n  R e l a t i o n  to  A u t o g a m y  

in  Paramecium aurelia 

I t  is well  known t h a t  cul tures  of pa ramec ia  in which  
a u t o g a m y  (self-fertilisation) and con juga t ion  (cross- 
ferti l isation) are  p r even ted  by  da i ly  re- isolat ion in to  fresh 
m e d i u m  undergo  a progressive process of aging. R e j u v e -  
nescence can  be obta ined  by  al lowing a u t o g a m y  (or con- 
jugat ion)  to t ake  place. A point  is f inal ly  reached,  how- 
ever ,  when  re juvenescence  can  no longer  be ob ta ined  by  
this  procedure  and the  clone is doomed  to e x t i n c t i o n k  The  
"theoretical  basis of this  phenomenon  is as ye t  o b s c u r e - r e -  
juvenescence  is dependen t  on a r ep roduc t ive  process in- 
vo lv ing  recons t i tu t ion  of the  nuclear  appara tus  of the  
organism by  a meiot ic  process ( au togamy or conjugat ion)  
in which there  is no segregat ion of genetic  mater ia l  since 
homozygous  lines can be used wi th  equal  facility. 

I n  the  present  inves t iga t ion  measurements  have  been 
made  of the  ra te  of respi ra t ion  of single pa ramec ia  f rom 
serial isolat ion cul tures  before and af ter  the  occurence of 
a u t o g a m y  in order  to e lucidate  the  na tu re  of the  me ta -  
bolic changes occuring as a consequence  of au togamy.  

The  stocks of pa ramec ia  used were selected a t  r andom 
and  belong to two syngens (varieties) of the species Para- 
mecium aurelia; name ly  s tock 60, syngen 1 (collected 
or iginal ly  in Bur l ington ,  Virginia),  and s tock 39, syngen 9 
(isolated or iginal ly  f rom the  r iver  Eure,  France).  

Resp i ra t ion  was measured  by  Cartes ian d iver  micro-  
r e sp i romet ry  and the  appara tus  and me thods  emp loyed  
were  s imilar  to  those developed by  LINDERSTROM-LANG 2, 3 
and HOLTER ~ wi th  on ly  minor  modif icat ion.  I n  o rde r  to  
faci l i ta te  compar ison  two divers  only  were  used th rough-  
out.  A single pa r amec ium o f  known physiological  s t a tus  
was loaded into the  d iver  under  sterile condi t ions.  The  
charge conta in ing  the p a r a m e c i u m  consis ted of s t anda rd  
cul ture  med ium (an infusion of dr ied le t tuce  innocula ted  
wi th  a s t rain of Aerobacler aerogenes) passed t h rough  a 
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a K. LINDERSTROM-LANG, C. R. Lab. Carlsberg, S4r. Chim. 24, 333 
(1943). 

4 H. HOLTER, C. R. Lab. Carlsberg, S6r. Chim..°4, 399 (1943). 



74 Brevi comunicazioni - Brief Reports EXPg~IENTIA XVII/2 

Variety 

1 
1 
1 
1 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 

Stock 

60 
60 
60 
60 
39 
39 
39 
39 
39 
39 
39 
39 
39 
39 
39 
39 

Stage 

Pre-autogamous 
Pre-autogamous 
Post-autogamous 
Post-autogamous 
Pre-autogamous 
Pre-autogamous 
Pre-autogamous 
Pre-autogamous 
Pre-autogamous 
During autogamy 
During autogamy 
Post-autogamous 
Post-autogamous 
Post-autogamous 
Post-autogamous 
Post-autogamous 

Duration of 
Experiment 

(rain) 

280 
280 
280 
280 
280 
280 
280 
280 
280 
280 
280 
280 
280 
280 
280 
280 

Mean A p/h for control divers 480 
(i.e. no paramecium in diver) 

Diver 

D I 

D1 
DI 
Dz 
D~ 
D~ 
D~ 
D1 
D~ 
D~ 
D I 

Dz 
D~ 
D~ 
D~ 

Dz + D2 

Meandplh 
less control value 

(cm) 

0.098 
0.059 
0.265 
0.259 
0.168 
0.173 
0.063 
0.104 
0.093 
0.117 
0.085 
0.273 
0.497 
0.250 
0.183 
0.248 

0.072 

Mean oxygen consumption 
(bdlh) 

1.531 } 
0.923 1.227 
4.150 } 
4.050 4.100 
2.535 } 
2.599 
0.955 1.823 
1.623 
1.460 
1.762 } 1.544 
1.326 
4.008 
7:480 } 
3.753 5.506 
2.879 
3.880 

H e m m i n g s  fi l ter to r emove  the  bacter ia .  The  pa r amec ium 
was freed of bac te r ia  by  r epea ted  washings in sterile 
cu l ture  fluid. The  respi ra t ion measu remen t s  were carr ied 
o u t  a t  26°C, which  was  also the  t empe ra tu r e  of incuba t ion  
of the  pa ren t  cultures.  The  p re -au togamous  animals  were 
t aken  f rom a homozygous  clone which had  undergone  
50-150 divisions in the  absence of au togamy.  The  post-  
au togamous  animals  were  der ived  f rom the  same cul tures  
and t h e  resp i ra t ion  measu remen t s  were  carr ied  ou t  '2-3 
divis ions a f te r  au togamy .  The  procedure  for cont ro l l ing  
the  occurence of a u t o g a m y  in l abora to ry  cul tures  has  been  
descr ibed by  SONNEBORN 5. 

The  F igure  i l lustrates  the  resul ts  ob ta ined  wi th  one of 
the  divers.  The  respira t ion measu remen t s  w i t h  each d ive r  
m u s t  be  p lo t t ed  separa te ly  since the  gradients  of t he  lines 
(Ap) is a func t ion  of the  d ive r  constant .  The  calcula ted 
va lues  for the  rates  of oxygen  consumpt ion  (in v1 /h )a r e  
g iven  in t he  Table.  These results  demons t r a t e  the  feasi- 
b i l i ty  of measur ing  the  resp i ra tory  ra te  of single pa ramec ia  
a t  specific phases  of the i r  life cycle. So far  t h e y  indicate  
t h a t  there  is a m a r k e d  increase in oxygen  consumpt ion  
a f te r  a u t o g a m y  in compar i son  w i t h  the  p re -au togamous  
rate.  T h e  difference is s ta t i s t ica l ly  s ignif icant  in the  case of 
t he  syngen  9 figures (t t es t ;  p < 0.001). There  is no 
indica t ion  in t he  figures a t  p resent  avai lable  of an in ter -  
s tock  difference of comparab le  magni tude .  The  ra te  dur ing 
a u t o g a m y  (at anlagen format ion)  appears  to  be s imi lar  to 
the  p re -au togamous  rate .  

The  va lues  for the  rates  of oxygen  consumpt ion  are  of 
the  same order  as those  ob ta ined  by  CONNINGHAM and 
KInK ~ for P. caudatum, bu t  somewha t  larger  t h a n  those  
ob ta ined  by  some o the r  workers  7-~°. I t  has  been  shown,  
however ,  t h a t  cu l ture  condi t ions  (density) m a r k e d l y  
affect  oxygen  consumpt ion  11 Consequen t ly  higher  va lues  
would  be expec ted  in this case since the  measu remen t s  
were m a d e  on single animals  and no t  on mass cultures.  

I n  the  case of p l an t  and an ima l  tissues i t  has been 
shown t h a t  a h igh  respira t ion ra te  is associated wi th  
y o u t h  and  t h a t  there  is a progress ive  decline in t he  ra te  
of  oxygen  consumpt ion  of  t i ssues .wi th  age 1~-1~. I t  would  
appear ,  therefore,  t h a t  the  aging phenomenon  observed  in 
pa ramec ia  cul tures  is analogous to the  aging of p lan t  and 
an ima l  tissues. 
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Respiration rates of single paramecia of Variety 9 before, during and 
after autogamy (Diver D2). 
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Zusammen/assung. Die A t m u n g  e inze lner  Pan to f fe l -  
t i e r e h e n  (t~aramecium aurelia) aus  Ser ien- i so l ie r ten  Kul -  
t u r e n  w u r d e  m i t  Hi l fe  e ines  C a r t e s i s chen  T a u c h e r s  ge- 
messen .  Die  Messungen  a n  I n d i v i d u e n  v o r  u n d  n a c h  A u t o -  
gamie  ( S e l b s t b e f r u c h t u n g )  ze igten,  dass  die A t m u n g  n a c h  
A u t o g a m i e  in  s i g n i f i k a n t e r  XVeise ans te ig t .  

D a  die A u t o g a m i e  ftir das  t~ber l eben  de r  K u l t u r e n  eine 
grosse W i c h t i g k e i t  bes i t z t ,  e r g e b e n  s ich  P a r a l l e l e n  zwi- 
schen  den  S tof fwechse lver~ inderungen  bei  Paramecium 
u n d  de r  A l t e r u n g  de r  s o m a t i s c h e n  Zellen yon  Metazoen .  

C. l~. PRINGLE a n d  J .  M. SZEWART 

Zoology Department, University o] Aberdeen (Scotland), 
November 5, 1960. 

V i t a m i n  R e q u i r e m e n t s  o f  Nemalion m u l t i f i d u m  

I n  a x e n i c  cu l tu re ,  t h e  r ed  a lga  Goniotrichum elega~s was  
found  to  be  a v i t a m i n  h e t e r o t r o p h  ~,~. L ike  m a n y  o t h e r  
m a r i n e  o rgan i sms ,  i t  r equ i r ed  c y a n o c o b a l a m i n  for  
g rowth .  I n  N o v e m b e r . 1 9 5 9 ,  success  was  ach ieved  in  
g rowing  a n o t h e r  red  a lga  in axen ic  cu l tu re ,  Nemalion 
multilidum (WEBER a n d  MOItR) J. Ag. a m e m b e r  of Flo- 
rideae. The  m e t h o d  for  s te r i l i za t ion  will  be  desc r ibed  in a 
l a t e r  paper .  The  m e t h o d  for c u l t i v a t i o n  was t he  same as  
t h a t  ear l ie r  used  b y  t h e  a u t h o r  ~. T he  a lga  was g r o w n  in 
t h e  a r t i f i c ia l  m e d i u m  A S P  6~ w i t h  n i t r a t e  rep laced  b y  
aspa rag ine .  D u r i n g  t h e  f i r s t  m o n t h s ,  t h e  a lga  seemed  to  be  
a u t o t r o p h i c .  Cul tu res  in  a v i t a m i n - c o n t a i n i n g  s u b s t r a t e  
grew as r a p i d l y  as those  in a v i t a m i n - f r e e  so lu t ion .  Sub-  
s equen t ly ,  however ,  t h e  v i t a m i n - s t a r v e d  cu l tu re s  b e c a m e  
pa le  in  colour ,  a n d  a d d i t i o n s  of t h e  v i t a m i n  so lu t ion  of 
A S P 6 ,  a m i x t u r e  of 15 d i f f e ren t  v i t a m i n s ,  i nc reased  
g r o w t h  u p  to  100%.  E l e v e n  of t h e  v i t a m i n s  were s ter i l ized  
t o g e t h e r  in  a n  a u t o c l a v e  ( ' aUtoc laved  v i t a m i n s ' )  b u t  t h e  
r e m a i n d e r ,  p y r i d o x a m i n e ,  l ac to f lav in ,  folic acid a n d  
c y a n o c o b a l a m i n ,  were  passed  t h r o u g h  a s ter i le  glass f i l te r  
before  b e i n g  a d d e d  to  the  s ter i le  f lasks.  T h e  ac t ive  sub-  
s t ance  could; be  loca ted  as be ing  a m o n g  these  four  v i t a -  
m i n s  (Tab.  I).  C y a n o c o b a l a m i n  ( =  Big ) h a d  t h e  s t r o n g e s t  
effect, b u t  p y r i d o x a m i n e  also caused  a n  inc rease  in 
g rowth .  

I n  o rde r  to  d e t e r m i n e  w h i c h  p a r t  of t h e  c y a n o c o b a l a m i n  
molecule  was necessary ,  d i f f e ren t  B12-analogues were 
a d d e d  (Tab.  I I ) .  A t  t h a t  t ime,  t h e  inocu la  h a d  been  
s t a r v e d  for  four  m o n t h s  a n d  e v e n  a d d i t i o n s  of cyano-  
c o b a l a m i n  inc reased  g r o w t h  v e r y  l i t t le .  H o w e v e r ,  
F a c t o r  I b ( =  F a c t o r  B r i b o s e p h o s p h a t e )  was  t h e  m o r e  
a c t i v e  one ;  whi le  F a c t o r  B, w h i c h  c o n t a i n s  on ly  t h e  
p s e u d o p h o r p h y r i n e  r ing,  h a d  no  effect.  Nemallon was  v e r y  
l i t t l e  a f fec ted  b y  s u c h  ana logues  as  F a c t o r  I l l  o r  F a c t o r  
Z1, in  c o n t r a s t  t o  t h e  b e h a v i o u r  of  Goniotrichum elegans. 

I n  t h e  ea r ly  e x p e r i m e n t s ,  n o t  o n l y  p y r i d o x a m i n e  b u t  
also p y r i d o x i n e  inc reased  t h e  g r o w t h  of Nemal ion .  W h e n  
a d d e d  t o g e t h e r  w i t h  B~2 or  F a c t o r  I b, p y r i d o x a m i n e  gave  
a h i g h e r  yield t h a n  t he se  c o m p o u n d s  alone.  W h e n  t h e  
inocu la  b e c a m e  more  s t a r v e d  t h i s  effect  d id  n o t  a p p e a r  
(Tab.  I I I ) .  

I n  al l  t hese  e x p e r i m e n t s ,  some g r o w t h  occur red  also in 
t he  con t ro l s ;  a n d  t h u s  a v e r y  w e a k  v i t a m i n  p r o d u c t i o n  is 
ind ica ted .  A n  a d d i t i o n  of one  v i t a m i n  can  t h u s  e n h a n c e  
g r o w t h  whi le  t h e r e  is some p r o d u c t i o n  of o t h e r  necessa ry  
c o m p o u n d s  b u t  n o t  suf f ic ien t  for  o p t i m a l  g rowth .  The  
c y a n o c o b a l a m i n  molecu le  seems to  be  b r o k e n  d o w n  before  
i t s  i n c o r p o r a t i o n  in  a n  e n z y m e  a n d  t he  F a c t o r  I b  molecule  
w i t h o u t  t h e  benz imidazo l e  r i ng  is m o r e  c o n v e n i e n t I y  
u t i l i zed  for  t h i s  purpose .  T h e  role  w h i c h  t h e  B 6 v i t a m i n s  

p l a y  in t h i s  c o n n e c t i o n  c a n n o t  yet be  exp la ined ,  b u t  a co-  
o p e r a t i o n  b e t w e e n  Bx2 a n d  B 6 is k n o w n  f rom t h e  m e t h i o -  
n ine  s y n t h e s i s  of a Be-less m u t a n t  of Escherichia coli 4 

Tab. 1. Growth of Nemalion tnultilidum with different vitamins 

Substance added 

Dry weight in mg of algae from 6 flasks 

Experiment 1 ] Experiment 
Incubation time ] Incubation time 

24 days 20 days 

6.4 5.8 
10.6 --- 

8.6 
13.8 9.7 

12.8 8.9 
5.8 
7.4 7.2 

14.2 9.9 
- -  10.8 

0 
All v i tamins  
'Autoclaved v i tamins '  
Pyridoxamine,  lacto- 

flavin, folic acid, Blz 
Pyridoxamine 
Lactoflavin 
Folic acid 

BI, + pyr idoxamine 

Tab. II. Growth of Nemalion multi]idum with different Baz-anatogues 

Additions of Bt~-analogues 
] ~g/1 

0 

Factor  B 
Factor  I I I  
Pseudovi tamin Blz 
Factor  I b 
Factor  Z 1 
Fac tor  Z 2 

Dry weight in mg of algae 
from 6 flasks 

12.7 
14,0 
13.0 
14.0 
13.8 
32.9 
14.3 
14.4 

Incubation time 42 days. 

Tab. IfI. Growth of Nemalion with additions of BI, or Factor Ib 
together with pyridoxamine and B e 

Dry weight in mg of algae 
Addition from 6 flasks 

0 

Fac tor  I b 
B6 
Pyridoxamine 
BI~ + B6 
BI~ + pyridoxamine 
Factor  I b+/36 
Factor  I b + pyridoxamine 

Exper. 

4.2 
4.8 

17.0 
4.0 
4.2 
5.0 
5.8 

21.4 
23.2 

1 Exper. 2 ] Exper. 3 
? 

4.8 2.6 

I i . i  9.0 

5.6 

10.4 7.4 

Incubation time 30 days. 
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