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10 kg of po t a toe s  ( " B i n t j e " - t y p e ,  J u l y  crop) are  
pealed, cu t  in to  slices, d ipped  for 30 rain in to  a 5% 
solution of Na~SzO4 and  d ra ined ;  t he  slices are  t h e n  
chopped up  and  the  p u l p  is pressed ou t  a t  400 k g / c m L  
The crude e x t r a c t  ob t a ined  is p r ec ip i t a t ed  by  SAS l 
(0.66) 2 a t  p H  6.8 and  the  red isso lved  p rec ip i t a t e  is 
submit ted  to  two  f rac t iona t ions  by  SAS 1 (0-33-0.62) ~ 
and (0.40-0.62)3. The  so lu t ion  is t h e n  twice  f r ac t iona ted  
by SAS 1 in t he  presence  of 100 m g / c m  3 NaCI ( "Mixed  
Salt P rec ip i t a t i on" )8  a t  p H  6.8 and  7.5, which  encreases  
the pu r i t y  35 t imes  4. Th is  p r o d u c t  is c h r o m a t o g r a p h e d  s 
by a 17% so lu t ion  of a m m o n i u m  su lpha te  con ta in ing  
0.006% of BRIje  in a c o l u m n  fil led w i t h  dry,  fa t - f ree  
maize s tarch.  ( " P r e c i p i t a t i o n - C h r o m a t o g r a p h y " ) .  A f inal  
precipi ta t ion by  SAS ~ yields a phosphory lase  so lu t ion  
from which a c rys ta l l i zed  p r o d u c t  can be ob ta ined  in the  
presence of a m m o n i u m  su lpha te  a t  p H  6.0-6-8. The  
purity of t he  phosphory la se  in th is  solut ion is 300 t imes  
greater t h a n  in t he  c rude  ex t r acO .  35 m g  of pure  p o t a t o  
phosphorylase  is ob t a ined  f rom 10 kg of  po t a toe s  
amount ing  to  a t o t a l  y ie ld  of approx .  5 %. 

The pur i f ied  phosphory la se  reveals  on ly  one com-  
ponent in e lec t rophores i s  be tween  the  p H  6.2 and  8.6. 
I t  is t o t a l y  free of ma l t a se  and shows no  phospha t a se  
act ivi ty  wi th  g lucose- l -phosphate  or  wi th  ~- or f l-glycero- 
phosphate.  

I t  is, however ,  o f ten  c o n t a m i n a t e d  wi th  t races  of 
• -amylase (less t h a n  0-1% by  weight) .  A t t e m p t s  to  des- 
troy the  ~-amylase  se lec t ive ly  by  Cu, Ag, Zn, Hg  and  
Mo ~ did n o t  succeed w i t h o u t  s imu l t anous  des t ruc t ion  of  
the phosphory lase .  

Phlor idz ine  does no t  inh ib i t  t h e  pure  enzyme ,  b u t  
inhibits c rude  phosphory lase .  This  pa r t i cu la r  b e h a v i o u r  
of impure  solu t ions  is due to  t he  presence  of a fl-glucosid- 
ase which spl i t s  ph lor idz ine  in to  glucose and phlore t ine ,  
the l a t t e r  ac t ing  as a powerfu l  inh ib i tor .  The  reac t ion  of 
a series of po lypheno l s  on phosphory lase  was s tud iedL  

Glucose inh ib i t s  phosphory lase .  The  inh ib i t ion  is of 
the c o m p e t i t i v e  t y p e  towards  g lucose - l -phospha t e ,  bu t  
of the  n o n - c o m p e t i t i v e  t y p e  versus  t he  po lysacchar ide  
acting as a " s t a r t e r " .  Th is  suggests  t h a t  t h e  e n z y m e  has  
at least  t w o  d i s t inc t  ac t ive  cen ters  r eac t ing  indepen-  
dently wi th  e i the r  of t he  subs t ra tes .  This  is con f i rmed  by  
the fact  t h a t  t he  Michae l i s -Cons tan t  of t he  e n z y m e  for 
each of the  subs t ra tes  is i n d e p e n d e n t  of the  c o n c e n t r a t i o n  
of the r e m a i n i n g  subs t ancesL  

Unl ike  muscle  phosphory lase ,  p o t a t o  phosphory la se  
has p rac t i ca l ly  no a f f in i ty  towards  muscle  or  oys t e r  
glycogene. H o w e v e r ,  the  e n z y m e  m a y  use these  g lyco-  
gens as s t a r t e r s  in t h e  presence  of  t races  of s t a r c h - t y p e  
polysacchar ides  as amy lose  or  amylopec t ine ,  w a x y -  
maize, soluble s ta rches  as Zulkowsky,  Noredux ,  etc.  In  
its na t ive  s ta te ,  p o t a t o  phosphory lase ,  seems to  be 
reversibly b o u n d  to  a po lysacchar ide ,  which makes  i t  
possible to  use g lycogene  as a s ta r te r .  

i SAS = saturated solution of ammonium sulphate. 
2 The numbers in brackets indicate the degree of saturation in 

ammonium sulphate of the solutions. 
a ED. H. FISCHEE, to be published. 
4 The purifications are calculated on the activity/nitrogen basis 

of the crude extract. 
5 ED. H. FISCHER, R. MENZi , and H. M. HILPERT, to bepublished. 
e Brij: polyethylene-glycole-ether (from: Atlas-Powder Co. 

Willmington, Del. U.S.A.). 
7 K. BAILY, GWEN J. THOMAS, and W. J. WHEALAI% Biochem. 

Soc. (Communications). 
8 ED. H. FISCHER, H. M. HILPERT, and O. DUPONT, to be pub- 

lished. 
9 ED. H. FISCHER and O. DUPONT, to be published. 

I n  conclus ion ,  p o t a t o  phosphory lase  differs f rom 
muscle  phosphory l a se  ma in ly  because,  in i ts  pure  s ta te ,  
i t  is n o t  i nh ib i t ed  by  ph lor idz ine  and  shows p rac t i ca l ly  
no a f f in i ty  t owards  g lycogen.  F u r t h e r m o r e  i t  m a y  no t  
requi re  t he  presence  of a n y  p ro the t i c  g roup  as A M P  1 
or  F A D  s to d i sp lay  full  ac t iv i ty .  

ED. H.  FISCHER and  H.  M. HILPERT 

Laboratoire de chimie organique de l'Universitd de 
Gen~ve, le 10 ]dvrier 1953. 

Rdsumd 

La  phosphory l a se  de p o m m e s  de te r re  a 6t6 purifi6e 
pa r  d e u x  f r ac t i onnemen t s  au sul fa te  d ' a m m o n i u m ,  
d e u x  f r a c t i o n n e m e n t s  au sul fa te  & a m m o n i u m  en pr6- 
sence de NaC1 e t  une c h r o m a t o g r a p h i c  sur  colonne d ' ami -  
don.  On  a ob t enu  ainsi un en r i ch i s sement  de 300 lois 
p a r  r a p p o r t  ~ l ' e x t r a i t  brut .  

Le p rodu i t  purif i6 ne m o n t r e  q u ' u n e  seule composan t e  
l '61ectrophor~se;  il es t  d6pourvu  de  ma l t e s e  e t  de 

phospha ta se ,  pa r  con t r e  il es t  s o u v e n t  c o n t a m i n 6  pa r  des 
t races  d '~ -amylase .  L ' i n h i b i t i o n  de l ' e n z y m e  p a r  le 
g lucose  est  du  t y p e  comp6t i t i f .  La  phosphory lase  de 
p o m m e s  de te r re  se d i s t ingue  de la phosphory lase  de 
musc le  p r i n c i p a l e m e n t  pa r  le fa i t  q u ' ~  l ' 6 ta t  pur,  elle 
n ' e s t  pas  inhib6e par  la ph lor idz ine  et  qu 'e l le  poss~de 
une  aff ini t6  p r a t i q u e m e n t  nulle vis-a-vis  du glycog~ne.  

x G. T. CORI and A. A. GREEN, J. Biol. Chem. 151, 31 (1943). 
a j .  B. SVMNER, T. C. CHOU, and A. T. BEVER, Arch. Biochem. 

26, 1 (1950). 

Etude  de la c h a l e u r  6volu6e  d a n s  l ' e x t e n s i o n  et  
la d~tente  du c a o u t c h o u c  

L o r s q u ' o n  6tire r a p i d e m e n t  un 6chant i l lon  de caou t -  
chouc  vulcanis6,  on cons t a t e  une  616vation de sa t em-  
p6 ra tu re ;  la  d6tente ,  en revanche ,  p rodu i t  un  refroidis-  
sement .  Cet  effet  t h e r m i q u e  a c c o m p a g n a n t  la d6forma-  
t ion  du c a o u t c h o u c  (appel6 que lquefo is  effet  GOUG~X- 
JOULE) a suscit6 de n o m b r e u x  t r a v a u x  1. 

P lus ieurs  au teu r s  on t  r emarqu6  que  si l 'on sui t  ce t te  
6vo lu t ion  de t e m p 6 r a t u r e  au m o y e n  d ' u n  couple t he rmo-  
61ectrique, on cons t a t e  que  l '616vation de t emp6ra tu r e  
lors de l ' e x t e n s i o n  est  plus pe t i t e  que  l ' aba i s semen t  de 
t e m p 6 r a t u r e  qu i  su i t  la d6tente .  BOISSONNAS ~, dens  une  
cou r t e  note ,  a mon t r6  que  ce p a r a d o x e  s ' exp l ique  pro-  
b a b l e m e n t  pa r  le fair  que  de la  cha leur  se d6gage long-  
t e m p s  apr~s l ' ex tens ion ,  alors que  la d6 ten te  s ' accom-  
pagne  d ' u n  ph6nom~ne  t h e r m i q u e  plus rapide.  

Nous  avons  repris  ces derni~res recherches  en appl i -  
q u a n t  la cor rec t ion  ca lo r im6t r ique  de KING et  GROVER 8, 
ce qui  p e r m e t  de su ivre  le d6gagement  de la  cha l eu r  
d ' e x t e n s i o n  p e n d a n t  une dizaine  de minu tes .  On  v6rif ie  
alors que  le cycle  t h e r m o d y n a m i q u e  e x t e n s i o n - d 6 t e n t e  
es t  b ien un cycle  fe rm6:  la  s o m m e  des cha leurs  6volu6es 
6gale la  s o m m e  des t r a v a u x  & e x t e n s i o n  e t  de  d6 ten te .  

Au d e l l  de I0  rain, la  cor rec t ion  n ' 6 t a n t  pas  suf f i sam-  
m e n t  prdcise, nous avons  eu recours  au proc6d6 s u i v a n t  : 

t Une documentation 6tendue se trouve dans l'ouvrage de L. R. G. 
TRELOAR, The Physics o/Rubber Elasticity (Clarendon Press, Oxford 
1949), p. 35-39. 

CHARLES-G. BOISSOHr~AS, Extrait des Actes de la Soc. Helv. des 
Sci. nat. Sion 1942, 99, N ° 5. 

a A. KING et. H. GROVER, J. Appl. Phys. 12, 557 (1951). 
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L'6chantil lon a 6t6 maintenu au m~me allongement, 
pendant  des dur6es diff~rentes, puis chaque lois d6tendu, 
ce qui permet  d 'obteni r  les valeurs de la chaleur 6volu6e 
en d6tente en fonction de la dur6e d 'extension.  Ces va- 
leurs sont d6termin6es avec pr6cision puisque le ph6no- 
mSne thermique est rapide. Le cycle thermodynamique  
6tant term6, la chaleur absorb6e en d6tente, corrig6e de 
la diff6rence des t r avaux  d 'extension et de d6tente, 
donne la chaleur d~gag6e g l 'extension pour une m~me 
dur6e. La figure donne quelques courbes obtenues ainsi. 
Le d~gagement de chaleur se comporte de la m~me 
mani~re que la double r6fraction 6tudi6e par THIESSEN 
e t  WITTSTADT 1. 
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Chaleur d6gag6e ~ l'extension, ea fonction du temps, pour divers 
rapports d'allongement. Temp6ratures de 16 ° et 22~C. 

La quanti t6 de chaleur d6gag6e lors de l 'extension 
d6pend non seulement du rapport  d 'extension, mais aussi 
de la temp6rature initiale. Elle est d ' au tan t  plus grande 
que la temp6rature de d6part est plus basse. Ceci pour- 
raft s ' interpr6ter  par un nombre de ,germes de cristal- 
lisation ,~ d ' au t an t  plus grand que la temp6rature  est plus 
basse. 

Nous avons constat6 que, raises ~ par t  les dix pre- 
mieres minutes cons6cutives k l 'extension, off le d6gage- 
ment  de chaleur est plus rapide, la vitesse de d6gage- 
ment  de la chalenr d 'extension,  correction faite du 
travai l  (c'est-~-dire la vitesse de cristallisation), est 
exponentielle : 

q~ = 1 - - e - ~ t  
qo 

(q = chaleur  d6gag6e au temps t, q0 = chaleur d6gag6e 
apr6s un temps infini). 

Par  exemple, pour un al longement  de l/l o = 4,25, k 
la temp6rature  de la salle de 16 ° C, nous obtenons les 
valeurs suivantes, si k = 0,017, en pa r t an t  de la valeur  
de q au temps 10 rain. 

La forme de cette relation est de plus v6rifi6e par le 
fait  que la constante k est ind6pendante du rappor t  
d 'al longement.  On peut  ainsi d6terminer la p6riode 
(dur6e de demi-r6action) de la cristallisation, de l 'ordre 
de h/2 = 20 rain. 

L 'examen des r6sultats de THIESSEN et  WITTSTADT 
conduit  k une p6riode de 21 rain, pour une temp6rature  

1 p. A. THIESSE~" et W. WITTSTADT, Z. physik. Chem. [B] 41, 33 
(1938); Rubber Chem. Technol. 12, 736 (1939). 

Temps en minutes q cal. ealeul6 q cal. expfrimental 

10 
20 
30 
40 
50 
60 

12,17 
12,54 
12,86 
13,02 
13,06 
13,14 

12,17 
12,62 
12,87 
13,02 
13,07 
13,12 

de 20°C qui est celle de nos cxp6riences. Trois 6chantil- 
lons de caoutchouc nous ont  donn6e la m~me valeur de 
k, qui semble varier  pen a v e c l a  temp6rature.  

J.-p. EHRBAR 

Laboratoire de chimie-physique, Institut de Chimie, 
Universitd de Neuchdtel (Suisse), le 18 ddcembre 1952. 

Summary 

The heat  produced by strain on a sample of vulcanized 
rubber is freed with  exponent ia l  speed, the constant 
k of which not  depends on strain. A period of crystalliza- 
t ion (half-reaction time) amount ing to about  20 rain 
may  be thus defined at room temperature .  

The Biogenesis of Colchicine 

Because of the apparent  lack of s t ructural  relationship 
between colchicine and the various classes of alkaloids 
in general, the mechanism of its biogenesis in the plant 
has remained obscure. In an a t t empt  to unravel  such a 
mechanism ROBINSON x favored the view tha t  colchicine 
may not  be related to the phenylethyl  amines and pro- 
posed a "Ce-Ce-C3" condensation followed by ring en- 
largement  of the third ring (through the incorporation 
of formaldehyde) as a possible pa thway  of biogenesis. 
On this basis, i t  was suggested tha t  colchicine may belong 
to the anthocyanins ra ther  than to the alkaloids in the 
biogenetical sense. However ,  t ha t  colchicine may be 
derived from the phenylalanines is not  inconceivabIe, 
and i t  is the purpose of this communicat ion to present 
a plausible biogenetical mechanism involving as inter- 
mediates, phenylalanine der ivat ives  exclusively. 

As shown in the sequel, the first step in the biogenesis 
of colchicine would involve oxidat ion of two molecules 
of t r ihydroxyphenylpyruvic  acid (I) to the correspond- 
ing o-quinones (II) followed by "o r tho -pa ra"  coupling, 
as indicated, to yield the key in termediate  (III).  Such 
an oxidat ion and coupling of a pyrogallol  type of com- 
pound is not  wi thout  precedent  and finds a basis in the 
elegant work of CRITCHLOV¢, HA~,VORTH, and PAUSON l 
on the s t ructure  and mechanism of formation of pur- 
purogallin. 

The extreme ease with which pyrogallol or gallic acid 
undergo oxidation and coupling adduces acceptable 
evidence for the formation of intermediate  (III). How- 
ever, diverging somewhat  from the mechanism of for- 
mat ion of purpurogallin, the subsequent  step in the 
biogenesis of colchicine would involve oxidat ive cleavage 

I R. RoBinsoN, Nature 166, 930 (1950). 
a A. CRITCHLOW, R. D. HAWORTH, and P. L. PAUSO~, J. Chem. 

Soe. t05t~ 1318. 


