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Die <cExperientia~ s te l l t  sich die Aufgabe:  

I .  durch  zusammenfassende Originalartikel in  einer der  wisseu- 
schaf t l ichen  Haup t sp rachen  yon Autoren  aus versehiedenen Landern  
fiber Forsehungsergebaisse  ber ichten  zu lassen, die im  Vordergrund  
des In teresses  s tehen;  

2. kurze  vorldu/ige Mitteilungen aufzunehmen;  

3- du t ch  Bespreehuug neuersehienener  B~cher, durch  Referate  
fiber Kongresse uud Versammlungen sowie durch  andere  Mit te i luu-  
gen fiber die bedeuter lds ten Ere ignisse  des na turwissensehaf t l i chen  
Lebens zu informieren.  

�9 E x p e r i e n t i a ,  si  pone come compi to  di  po r t a re :  

I. articoli originali riassuntivi, in  una  delle p r inc ipa l i  l ingue 
usate  da l la  scienza, ad opera di au tor i  di  d ivers i  paesi ,  su  r i sn l t a t i  
seientif ici  di  g rande  interesse;  

2. brevi comunicazioni provvisorie; 
3. recensioni di nuovi libri, retazioni cli co~gressi e riunioni, 

come pure  a l t re  commlicazioni  su i m p o r t a n t i  a v v e n i m e n t i  sul  
campo  delle scienze na tura l i .  

�9 E x p e r i e n t i a ,  

x. pab l i e ra  des  articles originaux 6cri ts  duns  une  des  l angues  
pr incipales  sur  les recherches sc ient i f iques  r6centes ;  

2. pub l ie ra  de braves communications; 
3. iuformera  ses lec teurs  des  6v~nements  m a r q u a n t s  de la  vie  

scient if ique,  donnera  des comptes rendus concernant les rdcentes publi- 
cations, les eongr~s et les assembldes. 

The a im of ~ E x p e r i e n t i a  ~ is :  

I) to give in fo rmat ion  th rough  comprehensive original articles, 
wr i t t en  by  authors  of var ious  countr ies  in one of the p r inc ipa l  seien- 
t i t le  languages,  on the resul ts  of the l a tes t  researches ;  

2) to publish brief reports. 
3) to give in fo rma t ion  abou t  the mos t  i m p o r t a n t  events  in  

na tu r a l  science b y  means  of reviews of the latest books, reports 
on congresses and meetings, as well  as th rough  o ther  comnluniea-  
t ions.  

E X P E B . 

Die <~Experientia* erseheint  am I5. j eden  lVIonats uud  k a n n  im  In-  u a d  Aus lande  dureh  jede Buchhand lung  oder  d i rek t  be im un te r -  
ze ichne tea  Verlag bezogen werden. Der Preis e iner  E inze lnummer  bet r / ig t  Ft .  2 . - - .  Bei d i r ek te r  Zus te l lung  d u t c h  den  Verlag kos te t  das  
J ah re sabouuemen t  Fr. no. - - .  Be im Versand ins Aus land  erfolgt  Zuschlag der  Por tokos ten .  Preise in  Schweizerw~ihrung. 

AIle Zuscbr i f ten an  die Redak t ion  der  *Exper ieut ia~  s ind  aussehliel31ich an  den  un te rze ichne ten  Ver lag zu r ichten.  
Redakt ionssehluf l  25 Tage vor  Ersche inungs te rmin ,  d. h. am co. des Mortars ffir den  folgenden Monat .  
Die Autoren  e rha l ten  fiir ihre Beitr/ige ein I-Iouorar und auf  Wuuseh  ioo  Gra t i ssepara tabzf ige  im  F o r m a t  14,5 X a i  cm ohne Umschlag.  

Die Kos ten  ffir wei tere  Sonderdrueke  und  ffir UmsehlRge s ind be im Verlag zu erfragem Separa tabz / ige  s ind  vor dem Druck  der  Zei tschr i f t  
zu bestel len.  

Preise ffir In land-Anzeigen:  */1 Seite Ft .  200.--, �89 Seite Fr.  12o.--, ~ Seite Fr. 70 . - - ;  ftir Vorzugssei ten besondere Vereinbarung.  
In se ra t en -Annahme:  Senger-Annoncen, Zfirich 2, Got thards t raBe  61, Tel. 25 a2 o2 ; Basel :  Tel. 3 74 92. 

Die eExper ien t ia*  wird  in  der  Schweiz gedruekt .  

Verlag Birkhduser AG., Basel re  (Schweiz), Elisabethenstrafle r5, Tel. 4 98 oo, Telegramm-Adresse: Edita Basel 

L' �9 Expe r i en t i a  ~ pa ra i t  le 15 de ehaque roots. Vellte e t  abouuemen t  darts toutes  les l ibrair ies  suisses e t  6trang~res,  ou d i rec tement  chez 
l '6di teur .  P r ix  du  num6ro frs 2 . - - .  Abonnemeu t  pour  u a  an, chez l '6di teur ,  frs 20 . - - ;  pour  l ' 6 t ranger  po r t  en sus. Ces p r ix  s ' en tenden t  en 
francs snlsses. 

Adresser  tou te  correspondanee touchau t  la  r6dact ion  de 1'~ E x p e r i e u t i a  ~ exc lus ivemen t  ~t l ' 6d i t eu r  soussign6. 
Dera ie r  d6lai  d ' admiss ion  pour  les mauusc r i t s :  25 jours a v a u t  la  pa ru t ioa ,  c'est-~t-dire le 2o d u  mois  pour  le num~ro  d u  mois  su ivan t .  
I1 sera vers6 des honoraires  aux  auteurs  pour  leurs communica t ions ,  e t  ils recevront  g r a tu i t emen t ,  s ' i l  le d6sirent ,  ioo  t i rages  ~t p a r t  

de fo rma t  14,5 sur 2I era., sans  couverture .  Pour  le p r ix  d 'un  nombre  p lus  g rand  et  pour  la  couverture ,  s 'adresser  gt l '6di teur .  Les t i rages  A p a r t  
do iven t  ~tre commandos  avant l ' impress ion  du  p6riodique.  

P r ix  pour  les annouces,  en Suisse: 1/1 page  frs 2oo.-- ,  �89 page  frs 12o. - - ,  ~ page frs. 7o . - - .  P lacements  sp6ciaux : p r ix  stir demande .  
Annonces :  Senger-Annoncen, Zfirich z, Got thards t rasse  61; t61. 25 21 oz;  B gtle: t61. 3 74 92. 

L'  �9 Expe r i en t i a  ~ est  impr im6e en Snlsse. 

Editions Birkhduser S.A.,  Bdle zo (Suisse), Elisabethenstrasse 15; tgl. 4 98 oo; adresse tgldgraphique: Edita Basel. 

Expe r i en t i a  ,, esee al  15 di  ognl  mese e pub esser r iehies ta  a ognl  l ibrer ia  svizzera  o estera ,  o anche d i r e t t a m e n t e  al la  Casa editr ice so t to  
iud ica ta .  II prezzo del  singolo fascicolo & di ft. 2 . - - .  L ' a b b o n a m e n t o  annuale ,  f a t to  presso ta  easa  edi t r ice ,  ~ d i  fr. 20 . - - .  Per  l a  spedizione 
a l l ' es tero  v i  ~ l ' agg iun ta  delle spese di  porto.  I prezzi  in  d iv i sa  svizzera.  T u t t i  gl i  inv i i  a l la  redazione  d i  ~ E x p e r i e n t i a  * sono da  di r igere  
ese lus ivamente  al ia  so t tose r i t t a  Casa editrice.  

La  redazione del  uumero  si  eh iude  25 giorni  p r ima  del  t e rmiue  di  usei ta ,  cio~ al  2o del  mese, pe r  fl mese  seguente .  
Gli au tor i  r icevono per  i lore  cou t r ibu t i  un  onorario e, su desiderio,  ioo  e s t r a t t i  nel  fo rma te  14,5 x 2 i  era., senza  coper t ina .  I1 costo di  

e s t r a t t i  in  piil  e del ia  coper t iua  vieue indica te ,  su r ichiesta ,  da l la  Casa editrice.  Gli e s t r a t t i  v a n n o  o rd ina t i  p r i m a  del la  s t a m p a  del la  Riv i s ta .  
Prezzi  per  auuune i  da l la  Svizzera:  1/l pug. fr. 2oo.-- ,  ~ pag.  fr. 12o.-- ,  ~ pag. fr. 7 o . - - ;  per  pag ine  speciali ,  accordi  d a  stabil ire.  Gli  

annunc i  sono da  dir igere  a Senger-A nnoncen, Zurigo 2, Got tha rds t rasse  6 i ;  Tel. 25 22 o2;  Bas i lea :  Tel. 3 74 92. 
c~ Expe r i en t i a  * si  s t a m p a  in  Isvizzera.  

C~sa editrice Birkhduser AG., Basilea zo (Svizzera), Elisabethenstrasse r 5 ;  Tel. 4 98 oo; Indirizzo Telegrammi: Edita Basilea. 

Expe r i en t i a  ~ is publ i shed  on the  xs th  of e v e r y  m o n t h  and  can  be ob ta ined  in  a n y  coun t ry  th rough  a n y  book-s tore  or  d i rect  f rom 
the  unders igned  publishers .  The  price of the i nd iv idua l  n u m b e r  is frs. 2 . - - .  B y  annua l  subscr ip t ion  d i rec t  f rom the  publ ishers  by  i n l and  
pos t  fr. 2o . - - .  For  d i spa tch  to  foreign countr ies  an  add i t i ona l  pos tage  charge  is made.  Pr ices  are in Swiss currency.  

All  communica t ions  to the  edi tors  of �9 E x p e r i e n t i a  ,, should  be addressed  to the unders igned  publ ishers .  
Ed i to r i a l  closure 25 d a y s  before the  pub l i sh ing  date ,  i.e. on the  2o th  of the  p reced ing  mon th .  
The  au thors  receive for the i r  con t r ibu t ions  a fee and  on demand ,  free of charge,  xoo separa te  impress ions  I4,5 X 21 cm. w i thou t  cover.  

For  the  prices of fu r ther  separa te  impress ions  and  covers, inquir ies  should  be addressed  to the  publ ishers .  Separa te  impress ions  m u s t  be 
ordered before the p r in t i ng  of the  publ ica t ion .  

Pr ices  for in land-adver t i s ing :  1/1 page  frs. zoo . - - ,  ~ page  fr. xzo.-- ,  ~14 page frs. 70 . - - .  Adve r t i s emen t  rece iv ing offices: Senger- 
Annoncen, Zfirich 2, Got thards t rasse  61;  Tel. 25 22 02;  Basle :  Tel.  3 74 92. 

Epe r i en t i a  ,, i s  p r in t ed  in  Switzer land.  

Published by Birkhauser AG., Basle re  (Switzerland), Elisabethenstrasse r5 ;  Tel. 4 98 oo; Telegrams: Edita Basle. 
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28 Br~ves communications - Brevi comunicazioni I EXPERIENTIA VOL. IV/l] 

Das Elektrovenogramm (Evg) 
der isolierten Flughautvene (Chiroptera) 

Bis heu te  i s t e s  unseres  Wissens  n ich t  gelungen,  von  
s e l b s t i n d i g  t / i t igen GeEtgen A k t i o n s s t r 6 m e  abzule i ten .  
Die frfiher pub l i z ie r t en  E l e k t r o a n g i o g r a m m e  sollen sich 
bei der  Nachpr f i fung  als A r t e f a k t e  erwiesen h a b e n L  Elek-  
t r o a r t e r i o - u n d  E l e k t r o v e n o g r a m m e ,  die 1940 ver6f fen t -  
l icht  worden  s indL wurden  aus h e r z n a h e n  Gebie ten  ab-  
gegriffen und  s ind  d a r u m  n ich t  beweisend .  W i t  h a b e n  
desha lb  ve rsuch t ,  von  e inem v611ig isol ier ten  und  au to-  
nora a r b e i t e n d e n  Gefg8 b ioe lekt r i sche  S t r6me  abzu-  
iei ten.  

Mit Hilfe des Mikromanipulators kann man die Fiughautvene 
pr/iparieren und zum Venens&ckchen abbinden ~. Das Pr&parat ge- 
starter die Bestimmung der Temperatur- und Druckabhiingigkeit 
der isolierten, autonom t&tigen Flughautvene an der Mikrokanfile. 
Es wurde weiterhin nachgewiesen, dab neben der autoehthonen Auto- 
matie der intravaskulSre Dehnungsreiz zusammen mit dem Tem- 
peraturreiz das pulsausl6sende Moment ist a. Die histologische Ana- 
Iyse der Venenwand ergibt ein elementares Geflecht aus spiralig an- 
geordneten, glatten und offenbar nicht innervierten Muskelfasern ~. 

Der  Vorsch lag  l iegt e t w a  0,3 sec vor  d e m  Beg inn  der  Ge- 
f/il3systole. E r  b e g i n n t  mi t  einer  Po t en t i a l s en k e ,  die von 
e inem ungef~hr  gleich steil  ve r l au fenden ,  vol ls t / indigen 
oder  le icht  f ibe rh6h ten  Ans t i eg  gefolgt  ist. Die nachfol -  
gende  schwache  Senke is t  e twas  in die Liinge gezogen.  
Die Verz6gerung  dfirf te  wohl  auf  das  verspXte te  Ein-  
t r e f fen  der  e igen t l / chen  K o n t r a k t i o n s w e l l e  am Or t  der  
Reg i s t r i e ru n g s e l ek t ro d e  beruhen .  Der  n u n  e inse tzende  
P o t e n t i a l a n s t i e g  1/iuft s y n c h r o n  mi t  d e m  visuell  fiber- 
w a e h t e n  und  s igna t i s ie r ten  K o n t r a k t i o n s v o r g a n g  und  
geh t  me i s t  g la t t  in e inen der  GefXBdilata t ion fo lgenden  
allm~ihlichen Po ten t i a l ab fa l l  fiber. Gelegent l ich  sche in t  
der  E r s c h l a f f u n g s p h a s e  ebenfal ls  eine deu t l i che  P o t e n -  
t i a l s c h w a n k u n g  kurz  vorauszugehen .  Die A m p l i t u d e  der  
V o r s c h l a g s k o m p o n e n t e  wird  bei e r h 6 h t e r  P u l s f r e q u e n z  
vergr68er t .  Zwei Beispiele:  wir messen  bei  e iner  Fre-  
quenz  yon  10 pro  min  80 #V, bei  e iner  F r e q u e n z  yon  
16 pro  min  120 ttV. H. MISLIN 

Zoologische A n s t a l t  de~ Universi t{i t  Basel ,  den 5. De- 
z e m b e r  1947. 

K K K 

4 r 

+ + + 

Elektrovenogramm 
K = Kontraktionsdauer (Pulsfrequenz 16 pro Min.). 

= Vorschlag (Initialwelle). 

m 

Eichkurve 
Die Aussehl/ige der Eiehkurve 

entsprechen je 80/zV. 

An d iesem Pr~iparat  lassen sich A k t i o n s s t r 6 m e  ablei-  
ten,  die sehr  f ibers icht l iche unH e l emen ta r e  V e r h i l t n i s s e  
zeigen. Der  A k t i o n s s t r o m  wird  v o m  2 m m  langen  Ven en -  
s&ckchen mi t  unpo la r i s i e rba ren  S i lbe re lek t roden  innen  
und  auf3en abgele i te t .  Die I n n e n e l e k t r o d e  be f i nde t  sich 
in der  Mikrokanfile,  w/ thrend  die Aul3enelektrode mi t  
einer  fe inen S c h w a m m b r f i c k e  in u n m i t t e l b a r e r  Nach-  
b a r s c h a f t  der  pu l s i e renden  Stelle ange leg t  wird.  Zur  
Reg i s t r i e rung  des A k t i o n s s t r o m e s  wurde  ein dre is tuf i -  
ger, gegengekoppe l t e r  Gle ichs t romvers t&rker  mi t  e iner  
B r a u n s c h e n  R6hre  am Ausgang  v e r w e n d e t <  Die Eich-  
impulse  an der  E i c h k u r v e  e n t s p r e c h e n  80 ;~V. Die 
AuBene lek t rode  b i lde te  dabe i  den  pos i t iven  Pol.  

In  der  vor l i egenden  Not iz  wird  nu r  fiber den pho to -  
k y m o g r a p h i s c h  reg i s t r i e r t en  H a u p t b e f u n d  b e r i c h t e t  
Auf  die n/ihere Ana lyse  der  ze i t l ichen Bez iehungen ,  die 
zv~ischen E r r e g u n g s v o r g a n g  u n d  Ablauf  der  K o n t r a k -  

, t ionswet le  bes tehen ,  wird  ve rz i ch t e t .  Ebenfa l l s  k6nnen  
ers t  in der  ausff ihr l ichen Arbe i t  die ab fa l l enden  bzw. an- 
s t e igenden  Poten t ia l~ inderungen  den b e k a n n t e n  K o m -  
p o n e n t e n  des W i r b e l t i e r - E k g  z u g e o r d n e t  werden .  

A m  E v g  lassen sich bei d i p h a s i s c h e m  A k t i o n s s t r o m  
in der  H a u p t s a c h e  zwei S t r o m s c h w a n k u n g e n  un te r -  
sche iden :  eine schnel le r  ab l au fende  In i t ia lwel le  (Vor- 
schlag) und  eine s t a r k  in die L/inge gezogene Nachwel le .  

L. UNGHV~tRY und F. ObiL, Z. Kreislaufforseh. 82, 667 (1940). 
2 H. MISLIN, Helv. physiol. Aeta 5, C 3 (1947). 

H. MISLIN, Helv. physiol. Aeta 5, C 18 (1947).. 
4 H. MISLIN und M. KAUFF~ANN, Rev. suisse Zool. 54, 240 (1947). 
g F. BOEHM, B. SIGG und M. MONNIER, Helv. physiol. Acta  2, 

481 (1944 l . 

Herrn Prof. M. MONNIER in Zfirich danke ich ffir die freundlicher- 
weise zur Verffigung gestellte Registrierapparatur, Herrn Dr. 
F. BOEH~, Zfirieh, Herrn Dr. G. LA~nARDT, Basel, und Fr/iulein 
M. KAOFFMAN~, Basel, flit ihre wertvolte Mltarbeit und Hilfe bei 
der Registrierung des Evg. 

Der Stiftung flit biologisch-medizinische Stipendien danke ich fiir 
ihre Unterstiitzung. 

Summary  

The  e l e c t r o v e n o g r a m  of t he  i so la ted  ve in  of t he  wing  
m e m b r a n e  (Chiroptera) exh ib i t s  two  m a i n  i r regular i t ies  
in its d iphas ic  ac t ion  c u r r e n t - - a  fas t  in i t ia l  wave  before  
t he  beg inn ing  of t he  sys to le  and  a ve ry  p r o t r a c t e d  af ter-  
wave.  ]Following th is  t he  rise and  fall of p o t e n t i a l  run  par -  
a l le l  w i th  t he  c o n t r a c t i o n  a n d  d i l a t a t i on  of  t he  vessels.  
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A c t i v e  C o n t r a c t i l i t y  of the  L y m p h a n g i o n  and  C o o r d i n a t i o n  of L y m p h a n g i o n  C h a i n s  

by H. MISLIN 

(formerly Institute of Physiological Zoology, University of Mainz) CH-6914 Carona (Switzerland). 

A ' lymph drainage capable of compensation'  
(F6LDI 1) is always based on the functional interplay 
between differentiated lymph drainage mechanisms,  
and specially effective importance is shown to be 
attached to the vasomotoric  lymph drainage 2. The 
initial lymphat ics  do not  show any active contractions 
because of lack of muscle  in their walls. The lack of 
that autorhythm of course does not mean the lacking 
of contracti l ity.  First information about open junc- 
tions in t.he lymphat ic  capillaries is given by CASLEY- 
SMITH and FLOREY 8. My collaborator SCHIPP 4 ob- 
served in the peripheric lymph vessels intraendothelial  
f i laments,  which could be interpreted in the sense of a 
contracti l i ty of the endothel ium. SCHIPP and SCHXFER 5 
found no open junctions inspite of experimental  lym- 
phostasis.  LEAK 6 postulated in his studies on the 
permeabil i ty  of lymphat ic  capillaries, that these small  
vessels  are able to open and close the interendothe!ial 
cell joints by  act ive contraction an relaxation of the 
endothel ium. The larger musculous lymphatic  vessels  

have a pronounced autorhythm.  From the morphologi-  
cal point of view, the lymphat ic  vessel  is characterized 
by its segmentat ion ; it consists of valve  segments with 
central muscle  collars and directed multiple innerva- 
t ion of the smooth  muscles.  Physiological ly  the va lve  
segment,  we called it lymphangionT, is an autochtho-  
nous efficiency element with its typical  action poten- 
tial s. The in vivo experiments  ot SMITH 9 and our own 
in vitro experiments  demonstrated that the single 

1 M. F6LDI, in Handbuch der Allgemeinen Patholog*e (Springer 
Verlag, Berlin, Heidelberg, New York 1971), vol. 3/6, p. 329. 
H. MISLIN, in Handbuch der Allgemeinen Pathologie (Springer 
Verlag, Berlin, Heidelberg, New York 1971), vol. 3/6, p. 219. 

8 j .  R. CASLEY-SMITH and H. W. FLOREu Q. J1. exp. Physiol. 46, 
101 (1961). 

4 R. SCHIPP, Acta anat. 71, 341 (1968). 
5 R. SCHIPP and A. SCHs Zool. Anz. Suppl. 33, 407 (1969). 
e L. V. LEAK, J. Cell Biol. 50, 300 (1971). 

H. MISLIN, Experientia 17, 19 (1961). 
8 H. MISLIN, Lymphographie und Pharmakolymphographie (Gustav 

Fischer Verlag, Stuttgart 1975), p. 10. 
R. O. SMITH, J. exp. Med. 90, 498 (1949). 
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lymphangion is able to contract independently, but at 
the same time it plays a key role in the activation and 
coordination of lymphangion chains because of its 
extensive distention. In ordei to measure the depen- 
dence of the pulse rate on the pressure, flow-through 
canulae were put into the isolated lymphangion chains 2. 
Pulsating segments of vessels normally show typical 
inherent frequencies with a characteristic amplitude 
of the vessel and in relation to the present angiotonus 
(f 8-55 min). With increasing internal pressure of 2 2 5  
cm H20, the frequency of the lymphangions increases 
proportionally and reaches a temperature-dependent 
frequency maximum. In pressure experiments at 12 
cm H20 the maximal frequency of the active pulse 
was 55/min (short term). Long persisting and conti- 
nually regular pulse is normally found at the mesen- 
terial lymphangion at an internal pressure of 4 cm H20. 
In connection with the specific condition of the single 
angions, the active pulse is often released by an internal 
pressure between 4 and 8 cm H20 or between 10 and 
12 cm H20 (f 15-25/min). In flowthrough experiments, 
and by employing the discharge drop counting method, 
the volume per min is doubled if the pressure increases 
from 8 to 10 cm H20 and increases 3-fold at an in- 
crease from 10 to 12 cm H20. These investigations were 
carried out on the intestinal lymphangions of the 
guinea-pig, which proved the importance of the active 
contractions for the transport of lymph; they were 
completed by pressure measurements at lymphatic 
vessels of the intestine of rats after occlusion of the 
vessels carried out by WALDECK TM. Inside an in situ 
occluded lymphatic vessel, an increase of pressure from 
15 to 40 cm H20 has been registered within 10-20 rain. 
The mean value was about 27 cm He0. The increase 
of frequency taking place continuously with the in- 
crease of pressure could reach up to 65/min in the in 
situ experiments. 

In relation to the mean pressure, the pressure am- 
plitudes varied as well. Even as the in case of the isolat- 
ed single angion, they are small, if the pressure is low; 
they increase with increasing pressure to about 15 cm 
H20 (1/2-2/3 of the diameter of the angion), then they 
decrease rapidly with still increasing pressure. With 
further increase in pressure, the volume per min as 
well as the volume per pulse decreases. Because of the 
small mass of muscle of the lymphangions, the isotonic 
as well as the isometric maximum curves run near the 
repose-distention-curve, as is known from the heart. 
W A L D E C K  10b determined the work of the pressure 
volume of a segment �9 of a lymphatic vessel in direct 
dependence on the pressure by multiplying the volume 
of the lymphpulse with the respective pressure. Start- 
ing at zero, he found the curve reaches its maximum 
at about 10-15 cm H20 and then decreases rapidly 
with further increase in pressure. According to our 
experiments with isolated lymphangions, it is obvious 
that the high pressures found by WALDECK in occluded 

lymphatic vessels were caused by addition of the pres- 
sure in the single lymphangions. At isovolumetric 
contractions, the isolated chains of the lymphagions 
create pressures up to 2 cm H20. The final pressure is 
defined by the number of contractile unities and their 
capability to produce pressure. Physiologically the 
lymphangion chains can be compared with the multi- 
ple lymphatic hearts of the gymnophions, which, as is 
well known, produce an intermittent rhythm. With 
lymphatic fistulas in non-anesthetized, freely moving 
sheep HALL, MORRIS and WOOLEY n carried out 
long-term experiment with lymph canula, where 
lateral as well as final pressures could be measured. 
The decisive result of those fistula experiments was 
the proof of an autonomic intmmittent rhythm of the 
lymph flow. The measured pulse frequencies were 
between 1 and 30/min, the pressures so caused were 
between I and 25 mm Hg. These experiments also show 
a good or relation between the volumes of the lymph 
flow and the contractions of the lymphangion chains. 
In theoretical investigations, REDDY 12 and REDDY et 
al. 13 have confirmed the theory of coordination of 
lymphangion chains. They expressed intralymphatic 
pressure of the terminal lymphatics (Pa) in terms of 
the tissue pressure and wall hoop stress 

Pt, = T 4- h/a (ahoop) [1] 

where T is the tissue pressure, h is the wall thickness, 
a is the radius of the vessel and ~rhoop is the hoop stress 
which is a function of the modulus of elasticity, the 
instantaneous radius, and the unstressed radius of the 
vessel. Similarly the authors expressed the intralym- 
phangion pressure (Ply) in terms of the external pres- 
sure, the hoop stress and the stress due to active mus- 
cular contractions : 

[2] 

where aact is the stress developed due to active con- 
tractility in the walls of the lymphangion, and Pezt is 
the external pressure on the lymphangion. The stress 
developed due to active contractility aact depends on 
the time as well as distention of the lymphangion. We 
showed with our experiments on the isolated lymphan- 
gion chains that each active contraction lasts for a 
given period of time which is followed by a period of 
refraction. During the refractory period, a lymphangion 
does not contract even if the wall of the angion is 
dilated beyond the threshold. Together with HALL et 
al. 11 we concluded that the force amplitude developed 
due to an active contraction is dependent on the di- 

10 F. WALDECK, a) Pflfigers Arch. ges. Physiol.  283 (1965); b) 28,1, 
294 (1965). 

11 j .  G. HALL, B. MORRIS and G. WOOLEY, J. Physiol. ,  Lond. 180, 
336 (1965). 

t2 N. P. REDDV, P h . D .  Dissertat ion,  Texas  A & M Univers i ty  (1974). 
in N. P. REDDY, TH. A. KROUSKOP and T m  A. NEWELL JR., Micro- 

vase. Res. 70, 214 (1975). 
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stention of the lymphangion wall just before the onset 
of the contraction, findings which are consistent with 
Starling's law of the heart. 

With [1] REDDY observed that a rise in the inter- 
stitial fluid pressure causes the intraluminal pressure 
of the terminal lymphatics to increase. Therefore, if the 
pressure in the terminal lymphatics is larger than the 
pressure in the lymphangion adjacent to the terminal 
lymphatics, then fluid flows from the terminal lym- 
phatics into the lymphangion adjacent to the terminal 
lymphatics. From [2] it can be seen that the lymphan- 
gion pressure increases with the inflow due to the con- 
tribution of the hoop stress in this terms, lf, now, the 
dilation of the lymphangion wall reaches its threshold, 
an active contraction in the lymphangion is initiated 
so as to propel the lymph into the lymphangion in 
front of it. I t  is clear that the outflow from the lym- 
phangion causes the lumen size to decrease. During the 
recovery phase of the active contraction, the contribu- 
tion of active contractility stress terms is zero. In their 
note on the mechanisms of lymph flow through the 
terminal lymphatics, REDDY, KROUSKOP and NELL 
JR. 13 offer an explicit explanation of these mechanisms: 
'The negative pressure is responsible for the lymph ab- 
sorption by the terminal lymphatics. If tbe threshold 

strain required to initiate an active contraction in the 
lymphangion adjacent to the initiat lymphatics is 
zero or just above zero, then this lymphangion acts as 
a pump regulated by the tissue pressure'. This suction 
effect of the terminal lymphatics is very unlikely, as 
is shown by actual measurements of intralymphatic 
pressure given by ZWEIFACH and explained by CASLEY- 
SMITH 14, who proposes an alternative explanation for 
terminal lymphatic filling. However, even with this, 
variations in tissue pressure will affect the filling of 
the terminal lymphatics. Thus, the rest of the expla- 
nation of REDDY et al. will hold. 

The duration of a contraction and the duration of 
the refractory period can be altered by several phar- 
macological agents: MISLIN 15, TIRONE et al.16. 

This theory suggests that the lymph absorption is 
dependent on the pressure gradient between the inter- 
stitial pressure and the pressure in the ]ymphangion 
adjacent to the initial lymphatics and can be in 
agreement with the conception of CASLEY-SMITH. 

l~ J. R. CASLEY-SMITH, Expe r i en t i a  32, I (1976). 
15 H. MISLIN, Arzneimittel-Forsch. 21, 852 (1971). 
16 p. TIRONE, r .  SGHIANTARELLI and G. ROSATTI, Lynlphology  6, 

65 (1973). 

[} se~ses o f  

i ...... ~{ ~.~�9 ],~ 1 S 5%,~& ~: :;l s !'~ ]n 'I ~ ' %%}x %! [!6 } ~ !'% i t~ ";i (( : 'n i %} :;'~ }<:DHb s 

~<}2US < ~:, i}%,'s,, S r~ ; [ q ss . . . .  ] < s ,  

3 ,  , , } s �9 

[; % : [} < ] 

{~r ~ I d 

] )  ;< ,<}s o f  /<:~ ~> us~;a::, ~ < } :  < } o  ~: : }~ % : > < : : ~  �9 s ' 

- . < <, ~ ........ 

{[ } }U ~]{, :{ir ........ >~)f w ,r . . . . ,  } ,, i ~ ~ i  "~<<<, :" ..... < 

v 

b ,  o , u i >  

. . . . .  { < : s  < h : [ [  { d l  b {  i : r ~ i ~ [ e < {  b y  A S :  ',- ~ : % '  } ,  ........ . . . .  j 

f . . . .  ~ ? i < i /  t ! , , I  .1  , ,  ~ ] ," - !  ~ ]i 1 ~  ( ' ~  ] { i S  ~ i ' { -  

,:, ~ r  x,c 1~1, !o'~v, o 

�9 o ..... 3K[%~ )C ~ {S �9 [) f~SO 

<~ < ~ {~} <i:,suc <<'{{! !u'~ ~,Idve~tk<~ <>: 

b k < d  <<ss { o <  S < : ; h  ie<:~ :i u{,< ] ~v< > e  ' ~< i cs i zed~  

�9 Dr  itst<os. 1s < s . . . . .  , ~ ~ , s 

360 



334 Vorl/iufige Mitteilungen - Preliminary reports [ExPERIENTIA VOL. I/9] 

i di<~S, d'(,<~sdhr Ics!r a<: ?:~ .::~ ~>:];stio3~ asco  e<[e  de:~ 

8o~18<s5 ~i~ des c<:}s163 vs~x~s O n  x n  }}<>uv @: 
s~zdssIs163 ~?et (r 2). 

,h~ot~s e t z o ~ ~ z s  te t d ~  essezt te l  ~ds er. 6~ d< ~c< ~,a,r 
/ , o c s  as ] ~r~:c~s ~ er~ ~940 a{ss " ! , e  m x  i ~ x c / '  
~}s e l  i?~<:> ssss e s a%~[ {~ } l s cSo~  ast/s~s163 
de is  }~eFs s 

}~,< f i l i  a d u n e  ss!~:~do~s de l :>e>8o~ ~, { % ,  <s s} a 
s es ~s st{6se s / , c ie  a, } s ~ s l  ( e  } S (1~515"~{ <,~ s 
$si?s ~i? s ore de ( 3SS3 s s 00 ( }22~  ns163 ,~t<: < ?csxe 
s~e  a c s  s n t i s s / a n i d o  set e, qu,~,;<l:~e ] } u s  ~as 
q~se c r  de !a p<i~s p~s:r<, s<:n ix~. 5ei~>s~la ~<she.  

d u ; d <  e f i < } z  '~<!<z'c!};:~,/t:~,: h z ~ ~ ' s  

[s  i}ossib/}8~: d'~{~e s<'%io~ a!, t  su i / ; s163  is 5!sends ~( 
de I s c < e  > s  ~m<>bes: ,o}b( ,  

~st{%s163 de i~otasi( !~/e de ] s i s e ~ s { t 6  de : :srae 
}e 5 sove~/,~b~e 1 9 5 5  

) , i o s  i,es163 e s  5 t a }  sse~s}e [:s }:;~ ,[}<)if; &ni l  
L a  ~,oche & Co, (IEA}e} po~ : :es } < o d ~ i t s  S i ls  xs:~s 
>~1 ~ fa i r  a i m a < e s e : ? t  psr ' ,es : a~ss < e Iss s 1 6 3  

io~sse} ) o ~ : : ! e s s s [ E a s  d~s 9 ' i ls ~ 1: o }  geasxssse s s 
& o s  d i s i o s  i<,~, 

~e/>ie ~:?e I??c~ )it ~;t ~' 5 (- ; i? �9 < ~ s~, ....: '~?~, 
�9 i �9 ? 

L ' a c i d e  t h y m o n u c l 6 i q u e  p o l y m 6 r i s 6 ,  p r i n c i p e  
p a r a i s s a n t  s u s c e p t i b l e  d e  d 6 t e r m i n e r  l a  s p 6 c i -  
f i c i t 6  s 6 r o l o g i q u e  e t  l ' 6 q u i p e r n e n t  e n z y m a t i q u e  
d e s  b a c t 6 r i e s .  S i g n i f i c a t i o n  p o u r  l a  b i o c h i m i e  d e  

l ' h 6 r 6 d i t 6  

Duns  des p u b l i c a t i o n s  an t 6 r i eu r e s  ~, nous  a v o n s  mon-  
tr6 que  les col ibaci l les  e x i s t e n t  sous  de t r6s  n o m b r e u x  
t y p e s  d i s t inc t s ,  d o n t  c h a c u n  es t  d6fini  p a r  la  possess ion  
d ' u n  p o l y s a c c h a r i d e  sp6cif ique pa r t i cu l i e r ,  se ca rac t6 -  
r i s a n t  p a r  sa  c o n s t i t u t i o n  c h i m i q u e  et  p a r  son  c o m p o r t e -  
mer i t  s6rologique.  E n  out re ,  des di f f6rences  d a n s  le d6ta i l  
des propri6t6s b i o c h i m i q u e s  se r e n c o n t r e n t  p a r m i  tous  
ces col ibaci l les .  

L o r s q u ' o n  v i e n t  A c u l t i v e r  u n  de ces t y p e s  sur  boui l lon ,  
pu is  ~ f i l t r e r  la c u l t u r e  ~ t r a v e r s  une  boug ie  e t  enf in  
/~ e n s e m e n c e r  le I i l t r a t  avec  u n  a u t r e  t ype ,  on  p e u t  ob- 
t e n i r  des  r 6 s u l t a t s  t rbs  d i f f6 ren t s  selon les ge rmes  ut i -  
lis6s: 

1. Le  second  t y p e  ne  se m u l t i p l i e  pa s  ou se m u l t i p l i e  
t r6s  m a l  duns  le mi l ieu  off s ' e s t  p r 6 a l a b l e m e n t  d6ve lopp6  
le p r e m i e r  t y p e ;  t a n t 6 t  ce la  t i e n t  ~ l ' i n t e r v e n t i o n  d ' u n  
p h a g e  por t6  p a r  le p r e m i e r  en  m o d e  i n a p p a r e n t  e t  au -  

1 A .  BOIVIN,  L. CORRE et Y. L E H O U L T ,  C.  R .  S o e .  Biol. 136, 98, 
257 et 432 (1942) ; 137, 42, 138,410 et 714 (1943). - -  Bull. Aead. M6d. 
127, 95, 125 et 162 (1943). - -  Rev. Immunol. 7, 97 (1942). 

que l  le second  se t r o u v e  6 t re  fo r t  sens ib le ;  t a n t 6 t  a u c u n  
p h a g e  n ' e n t r e  en  l igne e t  on  es t  en  face d ' u n  p h 6 n o m ~ n e  
d ' a n t a g o n i s m e  b a c t 6 r i e n  vra i ,  u n  p r inc ipe  (ou des  p r in -  
c ipes?)  b a c t 6 r i o s t a t i q u e  p o u r  le s e c o n d  t y p e  6 t a n t  
6 labor6  p a r  le p remie r .  

2. Le  second  t y p e  se m u l t i p l i e  b ien ,  sans  s u b i r  a u c u n e  
m o d i f i c a t i o n  (c 'es t  le cas  le p lus  f r6quen t ) .  

3, Le second  t y p e  se m u l t i p l i e  a b o n d a m m e n t ,  m a i s  en  
s u b i s s a n t  des t r a n s f o r m a t i o n s  d a n s  ses p ropr i6 t6s  bio-  
c h i m i q u e s  ou an t ig6n iques .  D a n s  le p r e m i e r  cas, le 
c o m p o r t e m e n t  d u  ge rme  & l ' 6ga rd  de e e r t a i n s  , s u b s -  
trats~) change ,  p o u r  s ' a l i gne r  sur  celui  que  m a n i f e s t e  le 
p r e m i e r  t y p e  /~ l ' 6ga rd  des  m 6 m e s  s u b s t r a t s  1, D a n s  le 
second  cas, le d e u x i ~ m e  t y p e  p e r d  son  a n t i g 6 n e  (csoma- 
t ique~ (passage  de  la  I o r m e  ,smooth~,  no rma le ,  p o u r v u e  
de son  p o l y s a c c h a r i d e  sp6cif ique,  & la  fo rme  d6grad6e  
,rough~,, d 6 p o u r v u e  d u  m ~ m e  po lysaecha r ide )  ou quel- 
que[ois il s u b i t  u n  c h a n g e m e n t  de  sp6cificit6,  en  ac- 
q u ~ r a n t  l ' e x a c t e  sp6cificit6 p r o p r e  au  p r e m i e r  t y p e  (re- 
m a n i e m e n t  du  po lysaccha r ide ) .  L a  t r a n s f o r m a t i o n  de  
t y p e  s e m b l e  b i en  se fa i re  p a r  les 6 t apes  s u i v a n t e s  : f o rme  
s m o o t h  N O 2 --~ I o r m e  r o u g h  c o r r e s p o n d a n t  au  N o 2 
f o r m e  s m o o t h  N O 1. 

De pare i l les  c o n s t a t a t i o n s  m o n t r e n t  b i en  que  l ' a n t a -  
gon i sme  m i c r o b i e n  -- d o n t  il est  t a n t  par l6  et  ~ j u s t e  
r a i son  depu i s  la  d 6 c o u v e r t e  de la p6nic i l l ine  -- n ' e s t  que  
l ' u n  des a spec t s  poss ib les  des i n t e r a c t i o n s  e n t r e  deux  
bac t6 r i e s  d i f f6rentes ,  i n t e r a c t i o n s  qu i  d o i v e n t  j oue r  u n  
g r a n d  r61e duns  l ' ~ t a b l i s s e m e n t  des f lores m i c r o b i e n n e s  
d a n s  le sol, duns  les eaux,  etc., e t  aussi,  d a n s  l ' o rga-  
n isme.  & la sur face  des d iverses  m u q u e u s e s ,  d a n s  le gros 
i n t e s t i n ,  etc. 

N o u s  a v o n s  6tudi6,  en  d6tail ,  u n  cas  d ' i n d u c t i o n  d ' u n e  
sp6cificit6 s6ro logique  nouve l l e  et  d ' u n  6 q u i p e m e n t  en- 
z y m a t i q u e  n o u v e a u  p a r  ac t ion  d ' u n  col ibaci l le  su r  un  
a u t r e  col ibaci t le  e t  nous  a v o n s  pu  prdciser  la  n a t u r e  
du  p r inc ipe  i n d u c t e u r  6 labor6  p a r  le p r e m i e r  germe.  

I1 s ' ag i t  de d e u x  col ibaci l les  re t i r6s  des ma t i6 r e s  f6- 
cales h u m a i n e s  normales ,  que  nous  d6s ignerons  p a r  C1 
e t  C 2. C1 r e n f e r m e  u n  p o l y s a c c h a r i d e  d o n n a n t  la  r6ac t ion  
des  ac ides  u r o n i q u e s ;  il ne  fa i r  pus  f e r m e n t e r  le sac- 
charose ,  m 6 m e  aprgs  passages  r6p6t6s  su r  des mi l i eux  
e o n t e n a n t  ce d i sacchar ide .  C~ r e n f e r m e  un  polysac-  
cha r i de  de  t o u t  a u t r e  sp6cificit6 s6rologique,  ne  d o n n a n t  
pa s  la r 6ac t i on  des  ac ides  u r o n i q u e s ;  il fa i r  f e r m e n t e r  
le s accha rose  avec  p r o d u c t i o n  d ' a c i d e s  ( i n t e r v e n t i o n  
d ' e n z y m e s  (~constitutifs)~ au  sens de  KARSTROM). Or, 
si l ' on  v i e n t  & c u l t i v e r  p e n d a n t  que lques  jour s  C~ s m o o t h  
d a n s  u n  f i l t r a t  de  c u l t u r e  de C 1 s m o o t h ,  on  o b t i e n t  
c6te-&-c6te des  ge rmes  r 6 p o n d a n t  A C~ smoo th ,  & C 2 
r o u g h  et  A C~ s m o o t h  (on les s6pare  p a r  l ' a r t i f i ce  
h a b i t u e l  des colonies  isol6es sur  g61ose); si l ' on  cu l t i ve  
C~ r o u g h  duns  les m 6 m e s  cond i t ions ,  on  pas se  ~ u n  
m61ange de C a r o u g h  et  de C~ s m o o t h ;  si enf in  on  cul- 
t i v e  Cx rough ,  on  a b o u t i t  & u n  m61ange de  C1 r o u g h  e t  
de  C~ s m o o t h .  Cx issu de Cz p r6sen t e  les m 6 m e s  ca rac-  
t6 res  a n t i g 6 n i q u e s  e t  e n z y m a t i q u e s  que  C~ n a t u r e l .  Des  
r 6 s u l t a t s  i d e n t i q u e s  p e u v e n t  6 t re  a t t e i n t s  en  s u b s t i t u a n t  
au  f i l t r a t  de c u l t u r e  de  Ct s m o o t h  du  bou i l lon  a u q u e l  
on  a a jou t6  u n  a u t o l y s a t  de  C~ s m o o t h  ( tue r  les ge rmes  
p a r  le to lubne ,  les la isser  s ' au to ly se r /L  37 ~ C, c en t r i f uge r  
p o u r  61iminer les c a d a v r e s  mic rob iens ) .  Le  p r inc ipe  
ac t i f  se r e t r o u v e  duns  la  f r a c t i o n  n u c l 6 o p r o t 6 i d i q u e  
q u ' o n  p e u t  isoler  de l ' a u t o l y s a t  p a r  p r 6 c i p i t a t i o n  

1 Des ph6nom~nes du m6me ordre ont 6t6 rencontr6s par LIS- 
BONNE, N~GRE, ROMAN et SEIGNEURIN (Ann. Inst. Pasteur 61, 822 
[1938]) au cours de burs ing~nieuses exp6rienees de ~parabiose~ 
(culture de deux baet6ries dans deux portions d'un m~me milieu 
s6par6es par une membrane de collodion infranehissable pour les 
germes, mais perm6able & leurs produits m6taboliques). 
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p H  3,5. I1 se retrouve dans l 'acide nucl@ique qu'on lib@re 
de ce nucl@oprot6ide par digest ion pepsique,  suivie  de 
pr@cipitations fractionn6es par l 'alcool addit ionn6 d'a- 
cide chlorhydrique.  E n  r@alit6, on about i t  ainsi  ~t un 
m61ange d'acide r ibonucl6ique et d'acide t h y m o n u -  
cl6ique. L'activit@ persiste apr~s act ion de la ribo- 
polynucl6ot idase ,  mais  disparait  apr[s  celle de la t h y m o -  
polynucl6ot idase  ( enzymes  pancr6atiques) .  Le principe 
actif  apparait  donc c o m m e  6tant  un acide t h y m o n u -  
cl6ique /~ l '6tat polym@ris6. Cette conclus ion s'accorde 
p l e inement  avec la d@couverte, faite tout  r6cemment  par 
AVERY, ~[AcLEoD et MAcCARTY 1, de la nature t h y m o -  
nucl6ique du principe suscept ib le  de provoquer  la trans- 
format ion  de t y p e  chez  les pneumocoques ;  mais  les 
Am~rica ins  ne paraissent  pas avoir  rencontr6 de trans- 
format ions  dans l ' ~qu ipement  e n z y m a t i q u e  de leurs 
germes.  

I1 semble  bien @tabli, ma intenant ,  que la cellule bac- 
t~rienne poss6de un pet i t  noyau & acide thymonuc l~ ique ,  
noy~ dans un c y t o p l a s m e  & acide ribonucl~ique.  Le prin- 
cipe issu de C~ et qui  se montre  capable  d' imposer  
C~ une const i tu t ion  mol6culaire  nouvel le  pour son poly-  
saccharide et un 6 q u i p e m e n t  e n z y m a t i q u e  nouveau,  ne 
r@sulte-t-il pas d'une s imple  ,solubilisation)~ de l 'appa- 
reil chromosomien  rudimenta ire  de C1? L'hypoth@se 
offre que lque  vraisemblance .  Si elle r6pond s la r6alit6, 
elle ouvre  des horizons  tout  & fait  n o u v e a u x  et combien  
prometteurs  en ce qui  concerne la b ioch imie  de l'h@r@- 
dit~. En  particulier,  c'est du c6t6 de l 'acide nucl@ique 
et non plus  de la prot6ine de la macromol6cule  nucl6o- 
prot~idique const i tuant  un g@ne qu'i l  faudrait  ehercher 
la raison des propri~t6s inductrices  propres /~ ce g@ne. 
Cela am6nerai t  ~t envisager la possibi l i t6 d'une structure 
@primaire>~ ou plus  v r a i s e m b l a b l e m e n t  ~secondaire~) 
suscept ib le  de diff@rencier entre eux les divers acides 
nucl6iques  ~ d@soxyribose, sous leur ~tat naturel  de 
polym6risat ion .  

ANDR]~ BOIVIN, ALBERT DELAUNAY, 
ROGER VENDRELY et  YVONNE LEHOULT 

Ins t i tu t  Pasteur ( P a r i s -  Garches),  le 10 n o v e m b r e  1945. 

Summary  

Interact ions  b e t w e e n  t w o  t y p e s  of bacteria can pro- 
duce  either inhib i t ion  of the  growth of one of these  
bacteria or transformat ion  of their b iochemica l  or anti-  
genic properties.  Authors  h a v e  shown and s tudied  one 
case of induct ion  of a n e w  serological speci f ic i ty  and 
a n e w  e n z y m i c  e q u i p m e n t  in a Bacterium coli. This  in- 
duct ion  was  produced through a substance  l iberated, 
during autolysis ,  by  an other Bacterium coll. Act ive  
principle  is a t h y m o n u c l e i c  acid which,  maybe ,  results 
from a solubi l i sat ion of  chromosomes  of the  inductor  
bacteria. H y p o t h e s i s  appears l ikely.  

1 j. exp. Med. 79, 137 (1944). 

D f  a l c u ~ i  f e n o ~ s e s  c o r t i c s l f  c~se a c c o ~ ) s s 1 6 3  
l a  f e c o n d a z s  e l e  I.>ri:~se d i v i s i o n l  d e l F s o v o  d i  

r f c d o  d i  r s a r e  

Z)a}I(:. osse~-va.zioi  i~. ]/:we pok~riz:,,:at~, h i e  e di 
,%o M<;)t<~< O!:)~)o ~ Q r isul ts ,  t o  t h e  iI c< r t ex  dell u.<>vo 
v e / g i n e  di / ie<io di rn.ar< h~, s t r u t t  ~r~ s u b r n i c r o s c o p i c a  

i A. ;~4o~ov e ,,'\ }lo.<~v)y O~m> Boll Soc i t  Bh:}L spe.< 
XlK, P- 70 (1945) 1 I~DD! Staz. ZooI. di >4af)oii (h~ co~:s<> di pubbIi- 

r~\<iia co~ ;~ss< < • ~ <>r~:l~N~ ,:...iNf~>s,gc~<n~ /0e.t{Jf ;~/] 
(r~s: Jio ~I] r~o~ o ~e ~ost<e <>sser~;:N< ]i {i JAN){ ..... tb' i 

hlok~:e por(>ik} ud ~L;on]elte < ~ the i] co'[ • s163 ii{ 
es<:lusiv~ur~e;ste <i{lipi< (probsbiIi<)e~:tefo:f<A ()id f cc- 
b;s<edm} e c~e p~'~ le su< ca ><t( ristiche <>riD:I,< {;p;o 
p~<th isi<~e, sipu6consid{~r( comeu~c~ist L{o f< <Io 
di ti}o m~{tt[c<r 

Quando !uovo vien~ fe<or)<I~<t>, !]<n ~p(na 1o 
sperrn~o ocea ii e<>rt{x <i<'H'{sovo~ scoin[;w< I~ bi~:b 
f~a~ &~cn~a co:t[ca[eo {~uesw r<,s,,.,ion<- s<mN>< ,~ prec(dere, 
se po, r di *oc<}~ >(]eva:son( d{Na, membra,na d hco~, 
dazi<H( a qum[ib col);~o ~) i]<:to~ i>res< ~[s ~. :~ [)irl- 

dovuta ,  ~1]~< su~t st'utt;u~-& f<]ix~re ed { l [  u s  r;~d;ur~ 

pr ~teR'a~ 

A1]J.n zk:~ dei]%o}!~f}:<s{ d.e]la p r i n m  l~nito:;i per6,  ]a 

bhrikar!!4<mz~ ~, <:o~dcale rinpF, ar<'; d a p p d m a  <~ ~ssai 
debole ,  r~a, t<ut~e~t~ <e, opid~.~m~t<~ di int<~nsil['t pu~t 

:i~:s<H ~ fin,)r>~ di m. - t t e r  [~ e v i d e ; ~ z ~  i[ r i a p p s r i r e  deXa 
, ,  R { ,  n~m,~dcll~:<~af~s~ <Li ~ . p i m a  1):ir]ir~tf]~ < ]1s C,;g% C~t]< ~ " ~ "'" 

(~ i > ~  d~<[):~ ave}x <Ns[ <at:> i1 pfv ne, t ) Auc  ~ il w~- 
I>re <fell:! Lidfrs .~g nxa .... cai<<>b~t> ; : !  ~'~r <i<: dl 
S < >:~ / l: ~ f s >, l: ~ (v, A, 5:[ >:< r~{., v A, ),[ :~ :'.. o ~ () < :~) 
ha, fbr  is w d o : i  a:~s~ v i c i d  ;~ quel l i  d ii ov  w : : g i ~ ;  
i [ c h (  fx p{,rs~r  ia .<.) -<i tuzioK~c i r i : : a d e N s .  : [ o  ~a- 

z <n< 8 8  so~t;t~zia]o~Nl;; [& s t e s s a  

Con ]}i~,izi< de!l~, ;~smsxi)ne s<i<o {:.{v ~%orR~ e s. 

;r evident e u t i l e  :,[ot~e ~ q m [ o ~ i ; < ]  ;,<,.ibe{ ~;~ <}riah~o 
(%16 ~: "~r<bd~il ,u~nt.~ 1~:~ r e a i o n ~  <o.: Yesp; ,ssR)ne c 
in Ru{s to  s t a X o  m[i'..;<x R> si;ra, t: "<~tica] d N  r e o b n i  
pol;~ri (DA>,~, YA: s e 8~ o [ ' ,> ,z /~) ,  espansio~< ehe  
d;~ta bi ~a,i:~rs, Hq~ ,~<'rista,]h~a @,I, c:~:te:% si tr~uRt<:,,~ 
i~ ~no sc<:}Y;~i~Ib~,mento delia s~:~ tes:situr~ <o<i con 
s e g ~ e n t e  scomp;~,rs~ {eIt~{ b i : i h ~ s ! < { n z a  An<he  ~'~e!le 
zone  < l~a l :oqa l i  e t b e q u a ,  t o d a ] i  :b~ sc<m~parsa dr 
b ifra~:G, emzs d :i~a d .~a,~te  is, fs.ss ~.~ pa s ion  ]e, e cf :b  
dnra~H;e Is, re]ors.s,<, [uamt<> Jl sol<)<) si ~'* m o t o  ap  ~ro... 
fo~:~dit:o, 

} ' o rm 1:[~:<i i du<[ i} :d:~t>:Hnq, /I{[SS] }[/ [iifran~<[~kz{ 
cort::i<sale ~ n es~; <K~ <)st a;>il~ {i~> >~l'in>.i~ della se~ 
4:() K~} &I}~I~;:[S) [ l<)[l @[!~<) II {'[!i eL [L f~S[>])llY<, fR~, ~l[<}]~< 

<]ebo]e> su  o { . [ ~ ) o  d e  d u e  bl~.~s o m e i  p e r  seom)~-s 
ar-~cor~, al ia  ~ )tA d, lla t e o f a . s e  NuL.~. di s imi le  h< 
}><1 t o  oss".rvso~;e <[uxs[~[e 3,%e~z;h di ' , isio~,e e ~/elle d i v i  
! d o n  sue  tessi~ e; ci{ } e / ~  nor;  esclud~ ..... s, nxi ~ m u i t o  
p r o [ a b i l e  ehe  i f<n<.,w~eno si , ' e r i f c h <  n ~  f > r ~  
c > s  de~<] ~ c : ~  ~.on b, ~w:Aa[>il~ nell  - , :ndiz i :~i  d e l b  
Hie >ss< x~ >bdoI  [ 

]if :s tt<> c'.:te s tse o~-<linames st~'~ttu~ steo sub-  
i:liO~OS{;opJco de]]o ss a[o cortca]e de] {!181e sos 
( s p r < s s o n e  i d ( s c r i t t ]  f< K>.<neni o s s e ~ ' ~ . { b i i i i  h~<:< ] ) o l a  
Nzzs ts  ....... si ma~df~s/~ n ! per i )R> ~ s,t{;l>fasic<, f;~ 

a[p<e <loi:})e m' . ee~ ] i i~  ~.f t{} h i rh t~i# ' !b ;~  c Ih :k l:oJi;fvi 
d e ] ' / o v  ~,e:idne i :i( i,~di K)are(-~]':)'.! }uvstoa;'if<)t~e t< h /  u t  
[av<sro it  p/ ibbH{:a  k ) / e ,  me;:t e n a  nots previs s :el::( St& 
npps [ sa  H~.le tttu ]i fiff[<xl%s de{...:l[ ; tnbi /~:i ~ai:~o ff;'{}r fn 
p~dfto ~i pre ler.  vision(, 

"2 F,  O, ScH>,!rr e R S, B~,w< J, <eli ~o;~p, Pbyshs I<,  
p, fi61 (1937). 

s A HONR<S. e A Ho:<~<<>s O:>)o~ k>] So~. i: Sic: )xr, 
X[X~ 1;. 70 (~ 45) P~bl;l. St~" Zo,oL d N,q}o[i (i<~ co;>o di pubbl[ 
O[S <I~@} 

{i~)??), 
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qp,'F,O i~:<:>iat:> <i:.~ 'A H. tU:  e <}assific;  ;< <;<: s{ 

I / i n t e : ~ e s ; r  bi , ]o!: ;k:o d i  < : ~ e s t  s~z~ou m'~<uokicl< n o n  
i Q ~ ' d e s o l L ~ s t <  n l fs.t  < c h e p  r l a  ) r i : n a  ~<!ta, v~n iva i~o  
d e : c r t t i  s i i z o n : f c ~ t f  < a p a : i  d[  ~dtacca: .<  }e s R ~ i ~ e  
~ s, a n c L (  s : [ ~ , q a l w e ~ t e  ! e N } < .  !<>ssidazio~:,e d;~. e si 
}}'{:,~o<:sts s 'ea, izsss eo~ csrattesi <H a}t.~ sRer icit{L 

sc<sh~<" % ~ossibi]. ~ ];m kmro atif xa/R:)u< ~ d?} on pNyt:<> <H 

, ' i s i s  i~;dt~sWJ;~[<, p(r ak:uee, t~~:sfo~w.s;< <.~ni <:h( IH-\ ~s<} 
b~ogo <e l  ex, s o d { : , , , .  ~< ~ e w  d<s  o rm<sM ~essooo~ E u . }  

]icJ v . x ~ [ a : i  e < jN~d :  p < : o ~ ? e t o  o '< t t< .nfuK. :y~}  i i  
r n d i r ~ u  :i a s s a [  ?is e l ev s . t s  

] carai : ie . r i  I:)Jo]ogi:':i <N. t u ~ s t i k a c t e i  son<) p r s ~  '.x'::.;si 
~;ISSA inLes:esss,~Lf () s : ' n l ) r a n o  ~v :<~ u u o  si.~et:to le s~~e 
c o n  lt~ ]>r< pr<:pdet;:r bk>ch:[n:ie~e,  E s s i  la i>orar /o  
p J s  s  <::i~:ti~o o d e  b y a c c } i u s o  n e H a  cs, p sm]s  
d <  '<.,a.tt~ io e <v<>~ dill{ ,de  s e f  l k l ~ i d i  e < ' ~  si  for~n;t 
e s d / ~ d v a n  ; r e  ,QII  l u c <  ' ai<: ]: ?,rse x> s n b ~ a  i ~# ;~ t ;  
o i l )  ca, p a  18s :espi  n'..'.~<[~ d <s : . ;d ;~t iv ,  f e l  b ; N t  N,::, :H 
q[ls, l t~  [1;<;[]i :{ t~!-{~::,.r~} r: < ]>i%Ile!ti~!;:[ ] [ e  esp<) : . : i)~ 
:.t[]~) tl<@ (J~/Jts~ d e ; . ' r ' ] l  b}llO Lilf I[ io]'e ~. )b;.~s:~r 
des l o r e  :~ de  ," f~;~; de! n:u,zzo ~lrlt ii;is~ <If q u e H i  ! ~ i v i  
d p ; s n e r t o , .  ] )r k : .  < < s i u  ~ l:,~i:: ~:f ".t)~'~re N ' , ~ b  

]%~ < ) !' <:iJ C)  ~< ] !>R,~8]!i 
n e s  s ps i6  <)<Kstalas c s e  Is <<J<ir<>~e ~ <s e o<!  
d<i<i rosnd~>ste ; :>n~ ,b }i t e t . : [ r  <.,d a c} ; '  ~.:~uHr se  ,-[ 
ia~l:>i<,#:.~n<> ~s [ti p d , i  d} "f i )<~;r  odt~.ve  

56 C si so < ~ < ) : > t r : ; [  a '<,or;~ c~:~p;<J d:A[a os,:idazo~ [ 

S<)p';s <'i'%;.LS, <}?d< ]'>s,i:t;[vi; ossd~. {J  8 ?Js~ L<v{ : > 
- ,, + . . . . . . . . .  

\+8. ] i<)]%r{ F I ! I I ~ r ( ) N L a L &  i f  ZlO'{,A. vOit~ F:3S SZ(N.ZIs ( l i e  > ' (  

.;';!~.~ fl ,)'"/Q~uob~ci i .s,% HI' Is<de e t N i c .  
(7' ,%) a / ; "a  ~ o e ( 9 )  d l i ]  s ;a , ; s i s  h a t s .  d ,  
:0eita m i s u ~ a  de !  0 ,025  ';. a<kiizi<.r~L~ ;~i Lrod<,dX v:it h 
~ > t  me ;~rest~r b. ~;~oltfplicazi< . 

Ne[  i 9 4 4  [<Rc< .! e },RL[~.,= z }~ .~ (> <}[:~ .t",~d.(:, i ~ 

ps,rt;i<<~]as{; b Jo<)dnd :< :  i~ i.dis ,l~i(" 
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S u r  c e r t a i n e s  c o n d i t i o n s  d e  l a  t r a n s f o r m a t i o n  d u  
t y p e  a n t i g ~ n i q u e  e t  d e  l ' ~ q u i p e m e n t  e n z y m a t i q u e  
d ' u n  c o l i b a c i l l e ,  s o u s  l ' e f f e t  d ' u n  p r i n c i p e  i n d u c -  
t e u r  d e  n a t u r e  t h y m o n u c l ~ i q u e  i s s u  d ' u n  a u t r e  

c o l i b a c i l l e  ( m u t a t i o n  <~ d i r i g ~ e  >>) 

Depuis  les travaux  de GRIFFITtI, on connai t  la pos- 
sibilit6, pour un pneumocoque ,  de changer de t y p e  et 
r6cemment  AVERY, MAc LEoD et MCCARTY ont  d6- 
couvert  la nature t h y m o n u c l 6 i q u e  du principe inducteur  
grace auquel  un type  de p n e u m o c o q u e  peut  imposer  sa 
propre sp6cificit6 5  ̀ un autre t y p e  en vole  de mutat ion .  
BERRY a retrouv6 des ph6nom6nes  comparables  dans  le 
domaine  des virus (virus de S H O P E - S A N A R E L L I ) .  A notre 
tour, nous avons  vu  un  t y p e  de colibacil le imposer  sa 
propre sp6cificit6 et que lques-uns  au moins  de ses carac- 
t6res e n z y m a t i q u e s  5  ̀ un autre type  de colibacille,  et 
cela grace 5. l'entr6e en jeu d'un principe inducteur  
t h y m o n u c l 6 i q u e  1. I1 est assez vra isemblable  que des 
transformat ions  du m 6 m e  ordre sont  suscept ibles  de se 
produire, avec p lus  ou m o i n s  de /aci l i td ,  chez routes les 
bact6ries et tous les virus, et qu'elles jouent  quelque  
r61e dans  l '6volut ion naturel le  des flores microbiennes  
saprophytes  et pathog~nes.  Mais il conv ient  d'6viter une 
erreur de perspect ive  et de ne pas tomber  dans un mobi-  
l i sme exag~r~: de pareilles m u t a t i o n s  ~dirig6es,~ sere- 
blent  garder un caract6re except ionne l  et les types  anti-  
g6niques demeurent  usue l l ement  stables,  conservant  
ainsi, en pra t ique ,  toute  leur valeur d' ,espbces  616men- 
taires~. C'est ce que nous voudrions  montrer  5  ̀ propos 
des colibacilles.  

x Exper., 1, 334 (1945). 
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Les col ibaci l les  d o n n e n t  lieu k u n  tr@s g r a n d  h o m b r e  
de t y p e s  antig@niques d i s t inc t s ,  d o n t  c h a c u n  est  carac-  
t6ris6 p a r  la c o n s t i t u t i o n  de son  p o l y s a c c h a r i d e  soma-  
t ique .  Mais  il s emble  ex i s te r  des  g roupes  p a r m i  t ous  ces 
types ,  bas@s sur  la sp@cificit@ des ma t i~ res  p ro t6 iques  
de la  cellule bact@rienne;  tou te fo i s  la q u e s t i o n  est  encore  
en  p le ine  @rude dans  n o t r e  l abora to i re .  Les  colibaci l les  
C~ et  Cz d o n t  il a 6t6 q u e s t i o n  d a n s  n o t r e  p r6c6den te  
note ,  a p p a r t i e n n e n t  5. u n  mSme  groupe  e t  il y a t o u t  
l ieu de pense r  que  la possibi l i t6  d ' u n e  m u t a t i o n  dirig@e 
ne d@passe pas  le cas  de  deux  ge rmes  tr@s vois ins  F u n  de 
l ' au t r e .  Mais  5. b e a u c o u p  pros, c e t t e  c o n d i t i o n  n ' e s t  pas  
su f f i s an te  p o u r  q u ' u n e  parei l le  m u t a t i o n  puisse  s ' ins ta l -  
l e t ;  il f a u t  encore,  se lon t o u t e  p robab i l i t6 ,  que  le ge rme  
int6ress6 soit  d a n s  u n  c e r t a i n  6 t a t  d ' instabi l i t@ d o n t  
la n a t u r e  i n t i m e  nous  6chappe  compl@tement .  Ainsi,  nous  
a v o n s  t o u j o u r s  @chou@ dans  nos  t e n t a t i v e s  r~p@t@es p o u r  
t r a n s f o r m e r  C~ r o u g h  en  C, smoo th ,  grace  k une  nucl6o- 
p ro t6 ine  ou 5. u n  acide  nucl@ique e x t r a i t s  de C v D ' a u t r e  
p a r t ,  p a r m i  les assez n o m b r e u s e s  v a r i a n t e s  qu ' i l  es t  
poss ible  de d i s t i ngue r  d a n s  C~ rough,  en  se b a s a n t  sur  
l ' a s p e c t  des colonies,  une  seule (forme k tr@s pe t i t e s  co- 
lonies) se m o n t r e  sensible  ~ l ' e x t r a i t  p r o v e n a n t  de C~, 
et  p e u t  se t r a n s f o r m e r  sous  son  ac t ion  en  C~ smoo th .  
Q u a n t  5. Ct rough ,  ce n ' e s t  qu ' a s sez  e x c e p t i o n n e l l e m e n t  
q u ' o n  o b t i e n t  son  passage  ~ C~ smoo th ,  sous l ' e f fe t  du 
m~me  e x t r a i t t  Ces fairs  r a p p e l l e n t  a b s o l u m e n t  ceux  
qu i  o n t  6t6 vus  d a n s  le d o m a i n e  des p n e u m o c o q u e s .  

I1 c o n v i e n t  de noter ,  toutefois ,  que  l '6chec d ' u n e  
t e n t a t i v e  de m u t a t i o n  dirig@e p e u t  for t  p r o b a b l e m e n t  
t e n i r  auss i  5. des  causes  a u t r e s  que  la  t r o p  g r a n d e  s tabi l i -  
t6  du  germe cons ider& N o t r e  t e c h n i q u e  de p r b p a r a t i o n  
de l ' e x t r a i t  i n d u c t e u r  c o m p o r t e  une  cour te  au to lyse  du  
col ibaci l le  tu6  p a r  le to luene ,  5. 370 C ou m i e u x  ~ la t e m -  
p e r a t u r e  o rd ina i r e  (quelques  heures) ,  une  cou r t e  di- 
ges t ion  peps ique  vers  PH 2 et  5. la t emp@rature  o rd ina i re  
(que lques  heures)  et  des p r6c ip i t a t i ons  f r ac t ionn6es  en  
mil ieu a lcool ique et  acide. Cela offre b i en  des possibil i-  
t@s d 'a l t@rat ion  de l ' ac ide  t h y m o n u c l 6 i q u e  h a u t e m e n t  
polym6ris6,  t a n t  p a r  voie  e n z y m a t i q u e  ( thymonucl@ase 
bact@rienne) que  p a r  voie p u r e m e n t  c h i m i q u e  (en par -  
t i cu l ie r  a c t i o n  des  ac ides  e t  des alcalis).  AVERY et  ses 
c o l l a b o r a t e u r s  o n t  r e n c o n t r 6  des diff icul t~s  du  m~me  
o rd re  d a n s  le cas du  p n e u m o c o q u e ,  ma i s  ils on t  pu  les 
t o u r n e r  en  r e c o u r a n t  k une  e x t r a c t i o n  des germes  p a r  
le d 6 s o x y c h o l a t e  de sodium.  I1 semble  b e a u c o u p  moins  
ais6 d ' o b t e n i r  les nnc l6opro t6 ines  du  col ibaci l le  e t  mfime 
le proc~d~ p a r  au to lyse  ~choue t o t a l e m e n t  ou p re sque  
t o t a l e m e n t  avec  la  g r a n d e  ma jo r i t 6  des germes :  ou 
b ien  on  n ' e x t r a i t  k peu  pr6s  rien, ou b ien  les enzymes  
d ~ g r a d e n t  compl@tement  l ' ac ide  nucl@ique au  fur  et  k 
mesu re  de sa l ibe ra t ion .  Darts  les cas  les p lus  f avorab les  
(C~ p a r  exemple) ,  les p e r t e s  en  acide nuc l6 ique  h a u t e -  
m e n t  polym~ris6  son t  c e r t a i n e m e n t  @normes et  sans  
d o u t e  faut - i l  a t t r i b u e r  5. ce fa i t  l 'activit@ r e l a t i v e m e n t  
basse  de nos  p r 6 p a r a t i o n s  du  pr inc ipe  i n d u c t e u r  nu-  
cl~ique de C~ : ac t iv i t6  limit@e 5. des d i lu t ions  de que lques  
c e n t a i n e s  de milliers de lois, a lors  que  les p r 6 p a r a t i o n s  
h o m o l o g u e s  d 'AvERY se m o n t r e n t  ag i s san tes  jusqu'5.  
des d i lu t ions  a t t e i g n a n t  p lus ieurs  cen t a ine s  de millions 
de lois. Nous  a j o u t e r o n s  que,  chez le colibacille,  le p r in -  
cipe ac t i f  p a r a i t  n e t t e m e n t  mo ins  sens ib le  a u x  e n z y m e s  
bac t6 r i ens  e t  k l ' ac id i t6  r a n t  qu ' i l  es t  encore  en  com- 
b ina i sons  pro t6 iques .  

1 Cz smooth passe tr@s facilement/~ l'@tat Cz rough, dans les cul- 
tures usuelles sur bouillon et sur g@lose, en donnant lieu A de nom- 
breuses variantes q u a n t ~  l'aspeet des colonies. Dans les m@mes 
conditions le passage de C 1 smooth A Cx rough est assez fr@quent, mais 
ne pr6sente pas le spectre complexe de variantes auquel donne lieu Cz. 

N o u s  nous  s o m m e s  pos6 la q u e s t i o n  de savo i r  si 
que]que  r e l a t i o n  de ca rac t~re  s t a t i s t i q u e  ne p o u r r a i t  
pas  ~tre 6 tab l ie  e n t r e  la c o n c e n t r a t i o n  du mil ieu de cul- 
t u r e  en  p r inc ipe  nuc l6 ique  i n d u c t e u r  et  la f r6quence  
d ' a p p a r i t i o n  du m u t a n t .  Nous  p o u r s u i v o n s  l '@tude du 
probl~me,  ma i s  nous  nous  h e u r t o n s  5. une  grosse d i f f i -  
cul t6 p r a t i q u e :  la fo rme  r o u g h  originel le  pousse  en  d6- 
p6 t  coh6 ren t  au  fond  des tubes ,  m6me sur  les mi l i eux  
n o n  sal@s, alors  que  le m u t a n t  s m o o t h  d o n n e  lieu A une  
c u l t u r e  diffuse e n v a h i s s a n t  le milieu.  C o m m e n t ,  dans  
ces cond i t ions ,  6 t ab l i r  avec  q u e l q u e  e x a c t i t u d e  e t  pa r  
l ' a r t i f i ce  des r ep iquages  sur  g61ose (colonies isol6es) les 
p r o p o r t i o n s  r e spec t ives  des deux  Io rmes  ? A j o u t o n s  enf in  
que  d a n s  le cas  du  colibacil le ,  la  t r a n s f o r m a t i o n  est  ca- 
p a b l e  de s 'op6re r  encore  au  sein des cu l tu re s  en  boui l lon  
p e p t o n 6  usuel ;  l ' a d j o n c t i o n  de s6 rum s a n g u i n  ne  p a r a t t  
pas  p r 6 s e n t e r  l ' u t i l i t6  f o n d a m e n t a l e  qu 'e l le  r ev~ t  dans  
le cas du  p n e u m o c o q u e .  

E n  r@sum6, nous  a p p o r t o n s ,  nous  semble- t - i l ,  la 
p r e u v e  d ' u n e  possibilitd de m u t a t i o n  dirig@e sous 
F a c t i o n  d ' u n  p r inc ipe  t h y m o n u c l 6 i q u e ,  chez les coli- 
b a c i l l e s t  Mais  la m a n i f e s t a t i o n  du  p h ~ n o m 6 n e  d e m e u r e  
for t  c o n t i n g e n t e  p a r  suite,  t o u t  5. la Iois, de l'in@gale 
facul t6  de m u t a t i o n  des d ivers  ge rmes  et  de la g rande  
impe r f ec t i on  de nos  t e c h n i q u e s  actuel les .  V e n a n t  s ' a jou-  
t e r  a u x  r e m a r q u a b l e s  o b s e r v a t i o n s  sur  le p n e u m o c o q u e  
qu i  se son t  6chelonn@es des t r a v a u x  de GRIFFITH 5. ceux 
d'AVERY et  ses co l l abora teurs ,  nos o b s e r v a t i o n s  sur  le 
col ibaci l le  c o n t r i b u e n t  5. d 6 m o n t r e r ,  de fa~on plus  g6- 
n6rale,  la r6ali t6 re@me des m u t a t i o n s  chez les bact@ries 
-- @tres d 6 p o u r v u s  de sexualit@ - r@alit6 qu i  ne  p e u t  
p lus  ~tre  raise en  d o u t e  d a n s  le cas  des  m ic roo rgan i smes  
plus  @lev6s en o r g a n i s a t i o n  et  dou@s de sexual i t6 ,  depuis  
les belles 6 tudes  r@centes de BEADLE et  TATUM sur  la 
mois i ssure  Neurospora et  de SPIEGELMAN et  LINDEGREN 
sur  la levure .  

ANDRI~ BO1VIN, ALBERT DELAUNAY, 
ROGER VENDRELY et  YVONNE LEHOULT 

I n s t i t u t  P a s t e u r  ( P a r i s - G a r c h e s ) ,  le 6 mar s  1946. 

Summary 

The  t r a n s f o r m a t i o n  of an t i gen i c  a n d  e n z y m a t i c  pro- 
pe r t i es  of a b a c t e r i a  c an  be  p r o d u c e d  b y  t h e  ac t ion  of 
a n  i n d u c t o r  t h y m o n u c l e i c  factor ,  w h i c h  comes  f rom a 
r e l a t ed  bac te r i a .  However ,  t h i s  t r a n s f o r m a t i o n  is only  
poss ible  w h e n  t he  b a c t e r i a  wh ich  m u s t  u n d e r g o  t he  
" m u t a t i o n  d i r ig6e"  is in a s t a t e  of p r o n o u n c e d  ins tabi l i -  
ty ,  t h e  d e t e r m i n i s m  of w h i c h  is st i l l  u n k n o w n .  W e  f ind 
t o - d a y  t h e  g r ea t e s t  d i f f icul t ies  to  isolate,  w i t h o u t  
d e s t r o y i n g  it, t h e  i n d u c t o r  factor ,  because  i t  is ve ry  
sens i t ive  to  bac te r i a l  e n z y m s  a n d  to  t h e  de l ayed  ac t ion  
of acids a n d  bases.  

t Seul l'acide nucl6ique provenant du germe inducteur se montre 
actif (acide nucl6ique de C 1 dans le cas du passage de C~ & CJ. 
Toutes les tentatives faites pour utiliser d'autres acides nucl6iques 
d'origine bact6rienne (bact6ries non apparent6es), v4g6tale ou ani- 
male, ont 6chou6. 

E{~.f iu~ a n t h ~ r ~ a p h y l a k d s c h  w~rke~.~der S t o f f e  

a u f  d f e  A ~ s l ~ i k 6 r p e r p r o d u k t ~ e ~ .  

v, iederhol~e~ !~?a ,.';n ~ d  i~x geeign ~ ~  zeidicI~eu I~ ~;~v~ 
va] lea  zu iu izicn~ ~, I) sr<:1 ~;olch<~ JR< is.: ekti< n< n k~.nn die 
A~dk{:}rperb:;ld~r~g v ~ r ~ e h ' t  amg~:r~g~ ~v~rd~ I ,e ider  
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suite b. chute ~st b n  sque et s ~Is 25 < h (bls.sto)o 'e en 
petit c~'oissalK} Ies ;re}actions s<)i de nouveau nuIles. 

A ces  diff&x~,nces s t a t i s t i q u { s  c o r : e s p o n d e ~ (  %ga le  
m e n t  des  difh%-:~ces  d a n s  Ia n~{t:ure : b s  r~Sactions~ 

Au  d<4:)it, ve r s  ]a ]7  ~ ~, ]es forn~atio[~5 seco~ld~h~s  
s~.nt i / t in '~er~Hnt assoe i6es  ~t l ' e m h r y o n  p r ims . i r e ;  ee 
s < n t  des  W~sie~i{ s c<'u%b~a[es s u p p / 4 m e n t a R ' e s ,  t ree muit., 
t i p ] i cAt ion  des  o t : ) cys t e s  en  p o s i t i o n  : ) r thotopJq ~ ,  de~ 
hey>  ~. r  i n d u s  d a n s  ]e eerve;.~.u, o~ K~{!me 
imP'lois d s ~ s  l'o~'g ~r~e ~dh~<s f Ces n o / a u x  d~ e h o r d e  s<>~t 
t.o~jt>ts n c . t t e m e u t  a<r(>ndis, s a ~ s  t e n d a ~ c ~  5 i'd:R:)ts.. 
<~atJo! f i  ( t r s d i e u t  de dJfs  (} t  p ( u t  ~.r 

V{q's :.~ ]9 e h, )n  eonst~.~t{ ~ uoe p~ s [~s,;~d{ /zl.d6i)<~l- 
da~<::e des fc.,-~mt~on~: se{o~ fa res  Celtes.< s{ p !ace~t  
s '~-~ {n<i ;o i t  quelcorqm~ de l'ex~t:>Cr de >r<,fYre~Kse 
so.f ]s pt~:c{ ~ vPi~tK%]e ]..t.q.K o~r(n7 t(. s enacts se cots~ 
f o n d  cn s.va, n t  ~{vee ie e e r v e  t,< pri~'<~)Sieo hfz[s  o)s o b s e r v t  
de  pl  s u s  a,xe ~~etten~eHt t~onc~], :poss(>ds ! de  Is  
~ oeife,  de  M c h o r d e  a:},mmt um~ t~eite te  Ktsn<e s l"/-]on,~ 

}t:a.tf n el: a n  {./radJent de  d:[ff{{>r{neJt~tk>n, pa.rf>is des 
so~nJtes, Les  o t o e y s t < s ,  t:r~s ~ t .bonda~ts  peuvent se 

{% ,~t ':< S (< 'O t~{k t JYeS  S<: ;1~ t o l t  f o g  ex:cep i >n~e]s. 
C e t t  i > . d ( s p u d s ~ c e  {Rs formatk)~s s < : )udf i : e s  se  

pr<.<)J~e < la 2r," h l/L,/s p e u t  ~ t re  ~ ]:le q u e  
l'o~t re~c<:mt~e ft I'extr<,~ t~ ~. a.nt<:" u:/-e de  i 'h �9  fo~-- 
r~s~:~t s~vee k~ t 6 t e  du <:~.hi.ei I~s e<~>bi a i sons  < s  t)h~s 
{~tFa~}~(es,  des [or[tls, ti< ~ S  [s [ e ] i /  t~ t it" >tK <d(~, , ~  "' ] 1 <" ~ " - 

tie d<.~ somit<s eoit s~ns ) e  ~eut: da~s qu<]q~:~s cas 
o1 o b s L ' \ e  d e s  13ro~l{kp]ir<)s sicold~.ires < : { ~ : x . C [  %<}qte- 

ib i s  f~g:}l:}}wdss<:'nt qua~ ~iv<~< d.~ )r<}n6)hr<>s p~r- 
UIZi "() 

i ' . ~ i s  "e s%s~<!e < > ] ) t i - ~  ]es J<)<nu>(iou.~ e<)onb.~h(s 
k a r d e ~ t  ]<ur ca rac t%re  [6i.6xotopi< e xsais  d@eroissant  
~:~ irt]>ost'ta~He: chef<I(% so: f ie< p~>n(f ::~r{}s d s p a -  
:;.Ss:;e~:~t rv .p idenen t :  e t  ]e ~ [ v r  >.c f .d t  i}L<c it d ~ f<n :ma  
t f<)K[S f s ~]f] ~fres <}.{ i'~](':' e ~ '] ~;q 4 i K h  e t  )t ] ~ 

"n~t/,(< <:Re, <<s otoc).st~s 
s 1 6 3  d- tsss  sdes (xp (~ rexces  

<s<}x{:a~esse/).s<>~is]s:[s<o:<~n<:6) N< s sos s{~ps us 
<((l~e de Jston <sCe{}tHHH c[ e. A c e  p<;~ t  ( r ue  seds-  
~ x e n  sos x/~su!tsts d{f%~<nt des ind~c <>~s~ oi)t< "~es ?t 
p s  h de s<Hces, ux  <I<)x%!.axcs a<J [tss. 8 i ~ o ~  b s  :t<s- 
se :nbances  son's assez fr<s < 's~ an t  ) i u s  q~.:( 
es v&istJons o}te~lu{s en [{>net <:)n ([(8 StSL<]es cez~r 
fug6s ~H);:tt:<~t u~ gr~}n<l f> ra,[/NJ'q~{ t v ( e  ]e{{ s6~ies 
obten t~es  [~o,r (.:tV:~;:G ~ ] 9 3 9 ,  i9~d)) ~,n f~t< <t i% 
~esur< d) i'(~])ufs~e t d~ ['izdmtel)f~ :i'<a~i <iau..Ic. 
<et  e~l r  ~ i x..sted<t Se s~:~!)stu.re(s 
ud~<" ces sp&:sfiqx<s )<)s Ies d v ( r s  ox;<sHss. 

<}<lie i~}r s <a~s K~tre c s s  des 
d f f c u l { ( "  sinP~N&~e~ !/ ~:t.t l:><x,;:db~{~ {!: t*o~v<~ ~ te  
e.xp] "~gtJ > )1~ s s% sf~{ds~.~t{, (s i :Jsu~t  jAt~rv 'e : i r  Is, 
~<}li{:)l~ b e  r ~},~8 <:<<:p s ) u v (  t, o~}:)]<"~ h i s  
co n p 6 t e n c c  ]i ~N~(,e <k,~. e t e n p s  d (  ] ' x : t o i , l a : qe  

].e~<,h~tiors du s~6t:abo]Jsme ::~xb~;siq~.:-.' q~ i  <si: 
(~ [~j/>ft ~ ~) e (12~ i] ~-t tl<) f'( {~ ;-'~ v 8. ~'~I :.el &]: {>ra[ i( J] vcc 

J ~RACTfKT ( : [o[{  < :KS,  K ] { F  Y{ {:XT<t { iN toil ])5 { : i (  ] s t e t 1 ( { :  

I)NiSS(~ ;.)e ! <  R { ! I I I  <.!( C t{ /i O f  r~i<>T1 C O l  
s < . r{sp<)Ytd N.1 H](:}~s).(~s os {~{te~ob 8st'. est <~S {)t ot e 

pJe i~ le  {::o X [ : ( , t (~  <'{~ [es ~{'~ft<ti<7 :~ set'call H a.x, i T ; . & < s .  

Si h k{ su i t e  d ~ / ~  <;e~!t<J:[t~{.g~tR> p l u s  p r~coce  OU ]:)/us 
t it{live, ce te~ '~ l~} <(:r[espolld ~!~ ]HIc conGd. t  nee  ]i nit<!e 
{:)~ r~u le. ]es ~<'aetions seront  Jim t@,s <)~ hulk's. Darts 
ce (::as. {s xs/s~# des j~ d;.~<:tk~ns ne  s{sraJt p s s  f<)>cti<H~ 

[ {,  }{.CHA• A c]. ['}~t~. 1eeL, L{e 5{ 6i8 {N<{9); }'## 
2 :>~ (1940 

de  s~ibst~{~ces sp{%ifiq/ues ms de  ]6 ta t :  de  c o ~ p S -  
t e u c e  d e  l%c.tobta!ste. ( e r e  bypo%h&se <T~i dev~}). 6~re 
e x p 6 : h n  n ta . ]eme~t  v<qdfJBe ('st re~ lue  p iaus ibI~  /pes 
des  exp4~Nenc(s de  H(:)I;~':F~r :~ (~938}. ( font  b s  r<~sal - 
t a t s  :~non!rent de  f<:)rtes ~)~n~dogies s v e c  a~ moJns  u~e  
p a t t i e  des  ~ O t r e s  

Le  > n a s q e e  ~1~ sS}dfRqi4~ de  } infhc< i n d u c t e t r  ;'ere 
s o r t  6gale:~nent d~ m o d e  < ' i n t e ' a c t i < , n  m n t ~ e I ] e  @is 
s)'st{>mes p~irnsJre  ~t s e e ) u d s i r e  c'- <ui  fe ra  <:)bj~:t 
(J'~M e :<}re ]s 

de  !;)~ ~:%~st.~uls d e s  A<};,h bient:> )fovo<)t~e ;~,~ seL~ de  
: estob!a,st< k l d C : ? e n d s ~ e n t  d~ t )ut :~ ini:~t'w/~ kx0 d( 
l<>r~a~Jst/:eu~, l ' a}[a tJ t io~~ de  o~ pkx :e s  ;i )G~n~e 
eci,(> e t  :mdsob a s t f q u e s .  

fi) k s  rdo?j)~ oh ~e nt~.~.nifesis { e t t  a.~f~me~tati>t~ d t  
]:)<test[el : rs  <.tJtue se c~rsct~tris~ ps,~' la, p:~d.. 
s~nce  d ' a c i d e s  :rib: ~tcb/dq~es f<~:te <x:nce>t~a, ti:)n 
(>-avail  en <<li!s x :'athsr avec .J }s>...,~<':[ }:r). 

. }  [iX t o~n :Ke  lea f : ; '~atf)~s see :ndk~ i res  ] '~u no.- 
is !% l ( u r  ]Oc~r163 d<"pe~:f s .  sis.d cO se  i ,~ t  ]a 
e r4rifu[[.ati .m t] ,vat s ~pp<:s(~ g.tH b~. na . tu te  des  or!:(an.es 
<<:rm~'s e-4 .re,net< de ]a {onp<fie~ce de r e c t o  ]x..ste 

t~: In~ttism{~(:ehN}~i~e. ] ]:'AS" ::!.s 

i~eb{:>t~r d ' e~ ;Nstyo<gi% Y~.:sut6 <k ['nd<,{:<i < d< 
l ' < ~ i v e r s i t d  <le }f<~xxe]les le 30 n~v:. ~b 194o. 

t ~ ]  p r o d u s ~ s  in t ~ e<:t>bl~stic &r~. t l x  app<: i a r o e  
<f colii(:,l~x<s <f ~:to a n d  mesoi: i :<st is  <xs }Expei.~ 
m e n t s  of  ex[iar/ t~ ' , t  ~: ~ a ~ l  eu l tSvs t i  n i~  v.i~r ~.~.sd 
s i s<  <if ~<~,raft; 1)~ ~ norf/>s] e~it] ~ ;o do} o ! s t r s t ( ,  b e t  
t] '~<S�9 8 [ ) l ( r d : l ' . - ! ]  SCC.[]~II(].,~f}" [ I y [ b r } , O S  ~[Kf'. 'i<r~lfR~.[ 

without Jft y(~tJ<).~ )[ t e [!{If'IllS, oF}:{;}M[fer "P ( 

e<t<l)li'~st:R <)<1<~ tha t  u~t:ders fibs ~<::e&/se o~ < o r ) h e > .  
{!('~[t < )O'{~]IJ[t] S~ e e]HeF~tCt IIZ < )} 5 ~.{Yect <~ l 

<::c<~t~>tiot~ <)f S)o ac]~e ;<  :[ i~ t ] u i :  eyh>)l~<s~) (!.hi.. 

s.<;usls~,~ er bps vary ?re~tI v in theh fr <f~ n<: . 
t tkgr  : u { t ~ : e  {~ <i t h < i r ] o < a . t o >  d{p{.r t<bU(o~ t h e  sis?:< 
i ~  w is t~e ee~t th~{<at [ :n  a s  f )  < I t  [ sdp i~.se,  

. ~ "," R)rm{</l s depend i os f:}at th{ 7!~,ttGr/ ('~{ [:~e { .~c[ ~ 

t]; { <)~.U ~< o ~ t<. < " <,,. ,,.,-<,~ by ]~t 
wb /s t ; ~  H a '  J,n ;~ise.,: N~%t is ) t o S : / c r t  ) ) ,  t ~ e  

c l:d~ I['(11 tl I. 

S u r  l e  r S l e  p o s s i b l e  d e s  d e u x  a c i d e s  n u c l 6 i q u e s  

d a n s  l a  c e l l u l e  v i v a n t e  

Les t r a v a u x  d'AVERY, MAcLEoD et McCARTY 1, ainsi  
que nos recherches personnel les  ~, sur le ph6nombne des 
m u t a t i o n s  c( dirig6es )) chez les bact6ries,  rendent  trbs 
vra isemblables  non seu lement  l 'exis tence  d'acides  
d6soxyr ibonucl6 iques  diff6rents d 'un germe ~ l 'autre,  
mais  encore la prdsence s imultan6e ,  dans  un m 6 m e  
germe, de plusieurs  acides  d6soxyr ibonucl6 iques  dis- 
t incts ,  dont  chacun  serait  capable  d'exercer une act ion  

1 AVERY, MACLEOD et McCARTY, J. exper. Med. 79, 187 (1944) ; 
Sl, 501 (1945); 83, 89, 97 (1946). 

2 BOIVIN et VENDRELY, Exper. I, 334 (1945); 2, 139 (1946); 
Heir. chim. acta 29, 1338 0946). 
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i n d u c t r i c e  p ropre .  D ' a u t r e  p a r t ,  il y a a c t u e l l e m e n t  
t o u t  lieu de penner  que  la cel lule b a c t 6 r i e n n e  poss6de 
des  g~nes (TATUM et  coll. 1) se g r o u p a n t  d a n s  u n  v r a i  
n o y a u ,  d o n t  R o m N o w  2 v i e n t  d ' o b t e n i r  de  m agn i f i ques  
p h o t o g r a p h i e s .  Cela c o n d u i t  5  ̀ env i s age r  c h a q u e  g6ne 
b a e t 6 r i e n  c o m m e  n ' 6 t a n t  r i en  d ' a u t r e  q u ' u n e  mac ro -  
mol6cule  pa r t i cu l i6 re  d ' a c i de  d6s oxy r i bonucMi que  et  il 
es t  t o u t  n a t u r e l  d ' 6 t e n d r e  c e t t e  c o n c e p t i o n  a u x  cellules 
v6g6ta les  e t  an ima les .  Ainsi ,  t o u t e s  les cellules d ' u n  8t re  
r e n f e r m e r a i e n t ,  d a n s  leur  n o y a u ,  la mSme  col lec t ion  de  
macromol6cu le s  d6soxyr ibonuc l6 iques  d6pos i ta i res  des  
ca rac t~ res  g 6 n o t y p i q u e s .  

D~s q u ' o n  songe  5  ̀ l ' 6 t ro i t e  p a r e n t 6  de c o n s t i t u t i o n  
c h i m i q u e  des  d e u x  ac ides  nucl6iques ,  il d e v i e n t  logique  
d ' a d m e t t r e  -- p a r  r a i son  d ' a n a l o g i e  e t  jusqu'5` p r e u v e  
formel le  du  c o n t r a i r e  -- l ' ex i s t ence  d ' ac ides  r i bonu -  
cl6iques d i f f~ren t s  les u n s  des  au t r e s ,  e t  de leur  a t t r i -  
buer ,  d a n s  la  cellule,  des  fonc t ions  r a p p e l a n t  celles des  
ac ides  d6soxyr ibonuc l6 iques .  D a n s  le cas  des acides  
r ibonuc l6 iques  c o m m e  d a n s  celui  des  acides  d6soxyr ibo-  
nuc l6 iques  (et p a r  ana log ie  avec  ce q u ' o n  a d m e t  p o u r  
les p ro t6 ines ) ,  on  p e u t  env i sage r  la  poss ib i l i t6  de diff6- 
rences  i n t 6 r e s s a n t  so i t  la s t r u c t u r e  (( p r i m a i r e  ,, (const i -  
t u t i on ) ,  so i t  p l u t 6 t  la s t r u c t u r e  c~secondaire~ (6 ta t  de  
p l i s s e m e n t  ou de  p e l o t o n n e m e n t )  de la c h a t n e  poly-  
nuc l6o t id ique .  

Depu i s  les t r a v a u x  de CASPERSSON et  depu i s  ceux  
d e  BRACHET, on  c 0 n n a t t  le r a p p o r t  qu i  ex i s t e  e n t r e  la 
r ichesse  du  c y t o p l a s m e  d ' u n e  cel lule en  acide  r ibo-  
nuc l6 ique  e t  la capac i t6  de s y n t h ~ s e  de ce t t e  cellule 5  ̀
l ' 6ga rd  des  p ro t6 ines .  CLAUDE, pu is  STERN, pu is  BRA- 
CHET e t  JEENER o n t  m o n t r 6  que  l ' ac ide  r i bonuc l6 ique  
e n t r e  d a n s  la c o m p o s i t i o n  de m i n u s c u l e s  g ranu le s  cyto-  
p l a s m i q u e s  (les mic rosomes  de CLAUDE, d ' u n  d i a m ~ t r e  
de l ' o rd re  de 100 m/~); d ' ap r~s  BRACHET, ces o rgan i t e s  
r e n f e r m e n t  t o u t e  une  s6rie d ' e n z y m e s  e t  ils repr6sen-  
t e r a i e n t  le lieu essent ie l  des s y n t h e s e s  cel lulaires,  pa r t i -  
cu l i~ r emen t  le l ieu de la s y n t h ~ s e  des p ro t6 ines  3. 
Les  levfires r e n f e r m e n t ,  ellen aussi ,  de pare i l s  g ranu le s  
(BRACHET). Darts  le can des bac t6r ies ,  on vo l t  par fo is  
des  g r a n u l a t i o n s  ~(m6tachromat iques~  5  ̀ base  d ' ac ide  
r ibonuc l6 ique ,  maiN la cellule es t  t o u j o u r s  ex t r~me-  
m e n t  r i che  en  ac ide  r ibonuc l6 ique ,  d o n t  la s i t u a t i o n  
i n t r a c y t o p l a s m i q u e  ne  p a r a i t  gu~re faire de d o u t e  
(VIZNDRELY4). 

MaiN alors ,  la n a t u r e  des  mac romol6cu l e s  r ibo-  
nuc l6 iques  p r6sen te s  d a n s  le c y t o p l a s m e  de c h a q u e  t y p e  
cel lula i re  ne  c o n d i t i o n n e r a i t - e l l e  paN les ca rac t~ res  
p rop re s  5  ̀ ce t y p e  e t  t o u t  p a r t i c u l i ~ r e m e n t  son  6quipe-  
m e n t  e n z y m a t i q u e ?  L ' h y p o t h ~ s e  p a r a i t  t e n t a n t e  e t  
voici  quel le  fo rme  il s e m b l e  poss ib l e  de lui  donner ,  
d a n s  l ' 6 t a t  p r 6 s e n t  de noN conna i s sances .  

D a n s  le n o y a u  de c h a q u e  cel lule  d ' u n  8 t re  v i v a n t  
ex i s t e ra i t  u n  c e n t r e  d i rec teur ,  i d e n t i q u e  p o u r  t o u t e s  les 
cel lules de ce t  8tre,  e t  r ep r6sen t6  p a r  l ' e n s e m b l e  des  
g6nes d 6 s o x y r i b o n u c l 6 i q u e s  d6pos i t a i r e s  des  ca rac t6 res  
g6n6raux  de  l 'esp6ce.  D a n s  le c y t o p l a s m e  des  d iverses  
cel lules se r e n c o n t r e r a i e n t  des e en t r e s  d i r ec t eu r s  secon-  
daires ,  cons t i t u6s  p a r  des  ae ides  r ibonuc l6 iques ,  e t  qu i  
v a r i e r a i e n t  de t y p e  cel lu la i re  5. t y p e  cel lula i re  d a n s  le 
d6 ta i l  de l e n t  comp os i t i on .  Ces cen t r e s  seconda i res  t i en-  

1 TATUM et coll., Proc. nat. Acad. Sci. U.S.A. 30, 404 (1944); 
31, 215 (1945); Nature 168, 558 (1946). 

2 ROBINOW, Proc. roy. Soc. London B 130, 299 (1942); J. Hyg. 
43, 413 (1944}; Addendum, par ROBINOW, au livre de DVBOS: The 
bacterial Cell (1 vol., 1945). 

a Voir, en particulier, BRAGHET, Embryologie cbinfique (1 vol., 
1945). 

4 VENDRELV, C. r. Acad. Sci. 222, 1357 (1946); 223, 342 (1946). 

d r a i e n t  sous  leur  c0ntr61e i m m 6 d i a t  l ' 6 q u i p e m e n t  enzy-  
m a t i q u e  r 6 p o n d a n t  5  ̀ c h a q u e  t y p e  cel lulaire  e t  d6 ter -  
m i n a n t ,  en  dern i6re  ana lyse ,  l ' e n s e m b l e  des ca rac t6 res  
de ce type .  P a r  leurs  mod i f i ca t i ons  de cons t i t u t i on ,  ils 
c o n d i t i o n n e r a i e n t  les p rocessus  de d i f f6 renc ia t ion  pro-  
gress ive e t  de sp6c ia l i sa t ion  des  d iverses  cellules d ' u n  
m~me ~tre  5  ̀p a r t i r  de la ce l lu le-muf  ini t iale ,  cellule-oeuf 
dou6e de po la r i t6  e t  p r 6 s e n t a n t  des g r a d i e n t s  qu i  pour -  
r a i e n t  s ' insc r i re  d a n s  l ' h6 t6rog6n6i t6  de ses 616ments 
r ibonuc l6 iques  cy top l a smiques .  Les g6nes d e v r a i e n t  
n 6 c e s s a i r e m e n t  agir,  en  q u e l q u e  mani6re ,  sur  les micro-  
somes ;  1~ chose  p o u r r a i t  se p r o d u i r e  d ' u n e  p a r t  en  m o d e  
p e r m a n e n t ,  5  ̀t r a v e r s  la m e m b r a n e  nucl6aire ,  e t  d ' a u t r e  
p a r t  (d ' une  fagon pa r t i cu l i&remen t  act ive) ,  au  m o m e n t  
de la mitose ,  a lors  que  la m e m b r a n e  nucl6a i re  s 'efface,  
que  les c h r o m o s o m e s  se d i s p e r s e n t  d a n s  le c y t o p l a s m e  
e t  q u e  le nucl6ole,  f i che  en  ac ide  ribonucldique, dispa-  
r a t t  p o u r  se d i s soudre  en  que lque  sor te  dans  ce m~me  
cy top l a sme .  Mais en l ' ~ t a t  ac tue l  de nos  conna issances ,  
t e n t e r  de pr6ciser  d a v a n t a g e  r e v i e n d r a i t  5  ̀ q u i t t e r  le 
d o m a i n e  de la v r a i s e m b l a n c e  p o u r  s '6garer  d a n s  celui  
de l ' h y p o t h ~ s e  p u r e m e n t  g ra tu i t e .  

R e m a r q u o n s  a u s s i t 6 t  que  les macromol6cu le s  r ibo-  
nuc l6 iques  ne  s a u r a i e n t ,  a elles-seules, d6fini r  de fagon 
a b s o l u m e n t  eompl6 te  l ' 6 q u i p e m e n t  e n z y m a t i q u e  des  
cellules oh ellen f iguren t .  E n  effet, une  ( ( adap ta t ion  
enzymat ique ,~  p e n t  se p rodu i re ,  chez les bac t6 r i e s  
c o m m e  chez  les levfires et  p r o b a b l e m e n t  - 5  ̀ u n  degr6 
plus  ou m o i n s  m a r q u 6  - chez  t o u t e s  les cellules:  sur  le 
doub le  p l an  q u a l i t a t i f  e t  q u a n t i t a t i f ,  les b i o c a t a l y s e u r s  
p r6sen t s  clans une  cel lule  d 6 p e n d e n t  de la n a t u r e  et  de 
la c o n c e n t r a t i o n  des  d ivers  s u b s t r a t s  q u ' o n  offre 5  ̀c e t t e  
cel lule ( t r a v a u x  c lass iques  de KARSTROM et  ceux  de  
n o m b r e u x  a u t r e s  au teu r s ) .  D ' a u t r e  pa r t ,  de b ien  re- 
m a r q u a b l e s  o b s e r v a t i o n s  de SPIEGELMAN et  LINDE- 
GREN 1 o n t  r6v616 la possibi l i t6 ,  p o u r  u n  enzyme,  de se 
multiplier a u t o c a l y t i q u e m e n t  au sein du  cy top l a sme ,  
en l ' a b s e n c e  du  g6ne en  cause  e t  sons  la seule in f luence  
du  s u b s t r a t  c o r r e s p o n d a n t .  A j o u t o n s  enf in  q u e  la 
t e n e u r  d ' u n  616ment en  ac ides  r i bonuc l6 iques  t o t a u x  
ne  s a u r a i t  p r e n d r e  la v a l e u r  d ' u n e  c o n s t a n t e  cellulaire,  
p u i s q u ' o n  vo l t  ces s u b s t a n c e s  a u g m e n t e r  b e a u c o u p  chez 
les levfires (CASPERSSON et  coll., BRACHET et  coll.) e t  
chez les bac t6 r i e s  (BolVlN e t  VENDRELY z, CASPERSSON a 
e t  coll.), l o r s q u ' o n  fa i t  passe r  les mic ro -o rgan i smes  de 
l ' 6 t a t  de repos  5  ̀ l ' 6 t a t  d ' i n t e n s e  mu l t ip l i ca t ion .  

Des o b s e r v a t i o n s  r o u t e s  r6cen tes  de  SPIEGELMAN 4 
v i e n n e n t  pa r l e r  en f a v e u r  de n o t r e  h y p o t h ~ s e  c o n c e r n a n t  
le r61e des ac ides  r ibonuc l6 iques  e t  leur  mul t ip l ic i t6 .  
E n  effet,  ce t  a u t e u r  es t  p a r v e n u  5  ̀ aec616rer spdcifique- 
ment l ' a d a p t a t i o n  e n z y m a t i q u e  d ' u n e  l evure  5  ̀u n  sucre,  
p a r  a c t i o n  d ' u n e  f r ac t i on  nuc l6opro t6 id ique  re t i r6e  de 
la mSme l e v u r e  p r 6 a l a b l e m e n t  a d a p t 6 e  5  ̀ ce sucre.  L a  
t e c h n i q u e  de p r e p a r a t i o n  de  l ' e x t r a i t  (emploi  du  bi-  
c a r b o n a t e  de sodium)  laisse d e v i n e r  l ' i n t e r v e n t i o n  des 
seuls aeides  r ibonuc l6 iques .  

B ien  des  p o i n t s  d e m e u r e n t  obscurs  dans  la th6or ie  
que  noun  v e n o n s  d ' esqu isse r .  E n  par t icu l ie r ,  on  ne  
s a u r a i t  pr6ciser  a c t u e l l e m e n t  le m~can i sme  selon lequel  
les g~nes d6soxyr ibonuc l6 iques  p e u v e n t  c o m m a n d e r  l '6di-  
f i ca t ion  des  ac ides  r i bonuc l6 iques  c y t o p l a s m i q u e s  e t  le 
m 6 c a n i s m e  selon lequel  ces ac ides  r ibonuc l6 iques  
p e u v e n t  p r6s ider  g l ' 61abora t ion  des enzymes ;  sans  

I SPIEGELMAN et LINDEGREN, Proc. nat. Aead. Sci. U.S.A. 31, 
95 (1945); Bact. Rev. 9, 111 (1945). 

2 BOIVIN et VENDRELY, C.r. Soc. Biol. 137, 432 (1943). 
a CASPERSSON et coll., Nordisk Medicin 28, 2636 (1945). 
4 SPIEGELMAN, Cold Spring Harbor Syrup. quant. Biol. 11 (1946), 
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d o u t e  s 'agi t - i l  ici  e t  1~ d 'ac t ions  d'ordre  c a t a l y t i q u e . . .  
mais  que  dire de plus  ? A u s s i  bien,  e t  malgr6  les  ing6- 
n ieuses  e x p l i c a t i o n s  propos6es  par Y U D ~ I N s  par LINDE- 
~REN ~ et  par S~I~G~L~A~ ~, il serai t  b ien  s cabreux  
d'af f irmer que  t o u t  es t  clair dans  l 'e f fet  s t i m u l a n t  des  
s u b s t r a t s  sur ce t t e  m~me  ~ laborat ion  des  e n z y m e s ;  
t o u t  au p lus  peu t -on  soup~onner  que lque  i n t e r v e n t i o n  
de  la lo i  d 'ac t ion  de masse . . .  Quoiqu' i l  en soit ,  la 
th6orie  que  nous  v e n o n s  de formuler  nous  paral t  
m~riter  de retenir  - au moins  g t i tre  de poss ibi l i t6  -- 
l ' a t t e n t i o n  du bio logis te ,  dans  la rude t ~ c h e  qui  lui  
i n c o m b e  de d6mSler l '6cheveau  des  processus  mol6cu-  
laires responsables ,  en derni~re ana lyse ,  de ce t t e  pro- 
d ig ieuse  r6alit6 qu 'e s t  l 'organisat ion .  

A N D R s  B O I V I N  e t  R O G E R  V E N D R E L Y  

I n s t i t u t  de  Chimie  b io log ique  de la Facu l t~  de M~de- 
c ine  de Strasbourg*,  le 15 n o v e m b r e  1946. 

S u m m a r y  

A c c o r d i n g  to  the  wri ter ' s  t h e o r y  a great  n u m b e r  of  
d i f ferent  d e s o x y r i b o n u c l e i c  and  r ibonucle ic  ac ids  ex i s t  
in each  cell:  d e s o x y r i b o n u c l e i c  ac ids  in the  nu c l e u s  
(genes) and  r ibonucle ic  ac ids  in the  c y t o p l a s m  (micro- 
somes) .  T h r o u g h  c a t a l y t i c  ac t ions  the  macromolecu lar  
d e s o x y r i b o n u c l e i c  acids  govern  the  bu i ld ing  of  macro-  
molecu lar  r ibonucle ic  acids,  and,  in turn,  these  contro l  
the  p r o d u c t i o n  of  c y t o p l a s m i c  e n z y m e s .  In  truth,  the  
e n z y m i c  e q u i p m e n t  resul ts  s i m u l t a n e o u s l y  from the  
e f fec t  of  r ibonucle ic  acids  ( ca ta ly t i c  act ion)  and  from 
the  e f fec t  of  subs trates  (mass  act ion) .  This  h y p o t h e s i s  
e x p l a i n s  cel lular  d i f ferent ia t ion  (mult ice l lu lar  organism)  
t h r o u g h  c o n s t i t u t i o n a l  var ia t ions  of  c y t o p l a s m i c  ribo- 
nuc le ic  acids.  The  wri ter 's  f u n d a m e n t a l  a r g u m e n t s  come  
from th e  s t u d y  of  bacter ia l  b io logy ,  e spec ia l l y  from the  
s t u d y  of  m u t a t i o n s  d irected  b y  principles  of  d e s o x y -  
r ibonucle ic  nature .  

1 YUDKIN, Biol. Rev. 13, 93 (1938). 
2 LINDEGREN, Proc. nat. Acad. Sci. U.S.A. 32, 68 (1946). 
S SPIEGELMAN, Cold Spring Harbor Symp. quant. Biol. 11 (1946), 
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Chemical Specificity of Nucleic Acids and Mechanism 
of their Enzymatic Degradation 

By ERWIN CHARGAFF 2, New York,  N.Y.  

I. Introduction 

The las t  few years  have  wi tnessed an enormous re- 
v iva l  in in te res t  for the  chemical  and  biological  proper-  
t ies of nucleic acids,  which are components  essent ia l  for 
the  life of all  cells. This  is not  pa r t i cu l a r ly  surprising,  
as the  chemis t ry  of nucleic acids represents  one of the  
remain ing  ma jo r  unsolved  problems in b iochemis t ry .  
I t  is no t  easy  to say  wha t  p rov ided  the impulse  for th is  
r a the r  sudden  rebi r th .  W a s  i t  the  fundamen ta l  work of 
E. HAMMARSTBN a on the h ighly  po lymer ized  desoxy-  
r ibonucle ie  acid of ca l f  t h y m u s  ? Or d id  i t  come from 
the  biological  side, for ins tance  the  exper iments  of 
BRACHET 4 and CASPERSSON 5 .~ Or was i t  the  ve ry  im- 
p o r t a n t  research of AYERY ~ and his co l labora tors  on 
the  t r ans fo rmat ion  of pneumococcal  t ypes  t ha t  s t a r t ed  
the  ava lanche  ? 

I t  is, of course, comple te ly  senseless to fo rmula te  
a h ie ra rchy  of cel lular  cons t i tuen ts  and  to single out  
cer ta in  compounds  as more  i m p o r t a n t  than  others.  
The economy of the  l iving cell p r o b a b l y  knows no 
conspicuous was te ;  pro te ins  and  nucleic acids, l ip ids  
and  polysacchar ides ,  all  have  the  same impor tance .  
But  one observat ion  m a y  be offered. I t  is impossible  to 
wri te  the  h i s tory  of the  cell wi thou t  considering its 
geography ;  and  we cannot  do this  wi thou t  a t t en t ion  to 
wha t  m a y  be cMled the  chronology of the  cell, i. e. the  
sequence in which the  cellular  cons t i tuen ts  are  la id  
down and  in which t hey  develop from each other .  If  
th is  is done,  nucleic acids  will be found p r e t t y  much  a t  
the  beginning.  An  a t t e m p t  to say  more leads  d i rec t ly  
in to  e m p t y  specula t ions  in which a lmos t  no field 

1 This article is based on a series of lectures given before the 
Chemical Societies of Ziirich and Basle (June 29th and 30th, 1949), 
the Socift6 de chimie biologique at Paris, and the Universities of 
Uppsala, Stockholm, and Milan. 

2 Department of Biochemistry, College of Physicians and Sur- 
geons, Columbia University, New York. The author wishes to thank 
the John Simon Guggenheim Memorial Foundation for making pos- 
sible his stay in Europe. The experimental work has been supported 
by a research grant from the United States Public Health Service. 

3 E.HAMMARSTEN, Biochem. Z. 144, 383 (1924). 
J. BRACHET ill Nucleic Acid, Symposia Soc. Exp. Biol. No. 1 

(Cambridge University Press, 1947), p. g07. Cp. J. BRACHET, ill 
Nucleic Acids and Nucleoproteins, Cold Spring Harbor Syrup. Quant. 
Biol. 12, 18. (Cold Spring Harbor, N,Y., 1947). 

5 T.  CASPERSSON, in Nucleic Acid, Symp. Soe. Exp. Biol., No. 1 
(Cambridge University Press, 1947), p. 127. 

60 .  T. AVERY, C. M. MAeLEOD, and M. McCARTY, J. Exp. Med. 
79, 137 (1944). 

abounds  more  t han  the chemis t ry  of the  cell. Since an 
ounze of proof  st i l l  weighs more than  a pound  of 
predic t ion,  the  i m p o r t a n t  genet ica l  functions,  ascr ibed 
- - p r o b a b l y  qui te  r i g h t l y - - t o  the  nucleic acids by  
m a n y  workers,  will not  be discussed here. Terms such 
as " t e m p l a t e "  or " m a t r i x "  or " r edup l i ca t ion"  will not  
be found in this  lecture.  

I I .  Identity and Diversity in High Molecular 

Cell Constituents 

The de te rmina t ion  of the  cons t i tu t ion  of a compli-  
ca ted  compound,  composed of m a n y  molecules of a 
number  of organic substances ,  ev iden t ly  requires the  
exac t  knowledge  of the  na tu r e  and  p ropor t ion  of all  
cons t i tuents .  This  is t rue  for nucleic acids as much as 
for pro te ins  or polysacchar ides .  I t  is, fur thermore ,  
clear t ha t  the  va lue  of such cons t i tu t iona l  de termin-  
a t ions  will depend  upon the  deve lopment  of sui table  
methods  of hydrolys is .  Otherwise,  subs tances  repre-  
sent ing an associa t ion  of m a n y  chemical  ind iv idua ls  
can be descr ibed in a qua l i t a t ive  fashion only ;  precise 
decisions as to s t ruc tu re  remain  impossible.  When  our 
l abora to ry ,  more than  four years  ago, embarked  upon 
the s t u d y  of nucleic acids, we became aware  of this  
d i f f icul ty  immedia te ly .  

The s t a t e  of the  nucleic acid  problem a t  t ha t  t ime  
found i ts  classical expression in LEVENE'S monograph  1. 
(A number  of shor ter  reviews,  ind ica t ive  of the  develop-  
men t  of our concept ions  concerning the  chemis t ry  of 
nucleic acids, should also be mentioned".)  The old 
te t ranuc leo t ide  h y p o t h e s i s - i t  should never  have  been 
cal led a t h e o r y - - w a s  sti l l  dominan t ;  and  this was 
charac ter i s t ic  of the  enormous  sway tha t  the  organic 
chemis t ry  of small  molecules held over  b iochemis t ry .  
I should l ike to i l lus t ra te  wha t  I mean by  one example .  
I f  in the  inves t iga t ion  of a d isacchar ide  consist ing of 
two different  hexoses we isolate  0.8 mole of one sugar  
and 0.7 mole of the  other,  this  will be sufficient  for the  

i p.A. LEVENE and L.W. BASS, Nucleic Acids (Chemical Catalog 
Co., New York, 1931). 

2 H. BREDERECK, Fortsehritte der Chemic organischer Naturstoffe 
1, 121 (I938). - F.G.FlsCHER, Naturwissensch. 30, 377 (1942). - 
IR. S.Tn'soN, Adv. Carbohydrate Chem. 1, 193 (1945). - J. M. G~L- 
LAND, G. R. BARKER, and D. O. JORDAN, Ann. Rev. Biochein. 14, 
175 (1945), - E.CHARGAFF and E.VISCHZ G Ann. Rev. Bioehem. 17, 
20i (1948), - F. SCHLENK, Adv. Enzymol. 9, 455 (1949). 
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recognition of the composition of the substance, pro- 
vided its molecular weight is known. The deviation of 
the analytical results from simple, integral proportions 
is without importance in that  case. But this will not 
hold for high-molecular compoulfds in which variations 
in the proportions of their several components often 
will provide the sole indication of the occurrence of 
different compounds. 

In a t tempting to formulate the problem with some 
exaggeration one could say: The validity of the identi- 
fication of a substance by  the methods of classical 
organic chemistry ends with the mixed melting point. 
When we deal with the extremely complex compounds 
of cellular origin, such as nucleic acids, proteins, or 
polysaccharides, a chemical comparison aiming at  the 
determination of identi ty or difference must be based 
on the nature and the proportions of their constituents, 
on the sequence in which these constituents are ar- 
ranged in the molecule, and on the type and the po- 
sition of the linkages that  hold them together. The 
smaller the number  of components of such a high- 
molecular compound is, the greater is the difficulty of 
a decision. The occurrence of a very large number  of 
different proteins was recognized early; no one to my  
knowledge ever a t tempted  to postulate a protein as a 
compound composed of equimolar proportions of 18 
or 20 different amino acids. In addition, immunological 
investigations contributed very much to the recognition 
of the multiplicity of proteins. A decision between 
identity and difference becomes much more difficult 
when, as is the case with the nucleic acids, only few 
primary components are encountered. And when we 
finally come to high polymers, consisting of" one 
component only, e. g. glycogen or starch, the charac- 
terization bf the chemical specificity of such a com- 
pound becomes a very complicated and laborious task. 

While, therefore, the formulation of the tetranucleo- 
tide conception appeared explainable on historical 
grounds, it lacked an adequate experimental basis, 
especially as regards "thymonucleic acid". Although 
only two nucleic acids, the desoxyribose nucleic acid 
of calf thymus and the ribose nucleic acid of yeast,  had 
been examined analytically in some detail, all con- 
clusions derived from the study of these substances 
were immediately extended to the entire realm of 
nature;  a jump of a boldness that  should astound a 
circus acrobat. This went so far that  in some publi- 
cations the starting material  for the so-called " thymo-  
nucleic acid" was not even mentioned or that  it was 
not thymus at all, as may  sometimes be gathered from 
the context, but, for instance, fish sperm or spleen. The 
animal species tha t  had furnished the starting material  
often remained unspecified. 

Now the question arises: How different must  com- 
plicated substances be, before we can recognize their 
difference? In the mult iformity of its appearances 
nature can be primitive and it can be subtle. I t  is 

primitive in creating in a cell, such as the tubercle 
bacillus, a host of novel compounds, new fa t ty  acids, 
alcohols, etc., that  are nowhere else encountered. 
There, the recognition of chemical peculiarities is 
relatively easy. But in the case of the proteins and 
nucleic acids, I believe, nature has acted most subtly;  
and the task facing us is much more difficult. There is 
nothing more dangerous in the natural  sciences than 
to look for harmony, order, regularity, before the 
proper level is reached. The harmony of cellular life 
may  well appear chaotic to us. The disgust for the 
amorphous, tile ostensibly anomalous--an  interesting 
problem in the psychology of science--has produced 
many  theories that  shrank gradually to hypotheses 
and then vanished. 

We must realize that  minute changes in the nucleic 
acid, e. g. the disappearance of one guanine molecule 
out of a hundred, could produce far-reaching changes 
in the geometry of the conjugated nucleoprotein; and 
it is not impossible that  rearrangements of this type 
are among the causes of the occurrence of mutations 1. 

The molecular weight of the pentose nucleic acids, 
especially of those from animal tissue cells, is not yet 
known; and the problem of their preparation and 
homogeneity still is in a very sad state. But that  the 
desoxypentose nucleic acids, prepared under as mild 
conditions as possible and with the avoidance of 
enzymatic degradation, represent fibrous structures of 
high molecular weight, has often been demonstrated. 
No agreement has as yet been achieved on the order of 
magnitude of the molecular weight, since the inter- 
pretation of physical measurements of largely asym- 
metric molecules still presents very great difficulties. 
But  regardless of whether the desoxyribonucleic acid 
of calf thymus is considered as consisting of elementary 
units of about 35,000 which tend to associate to larger 
structures 2 or whether it is regarded as a true macro- 
molecule of a molecular weight around 820,000 ~, the 
fact remains that  the desoxypentose nucleic acids are 
high-molecular substances which in size resemble, or 
even surpass, the proteins, i t  is quite possible tha t  
there exists a critical range of molecular weights above 
which two different cells will prove unable to synthe- 
size completely identical substances. The enormous 
number of diverse proteins may  be cited as an example. 
Duo non /aciunt idem is, with respect to cellular 
chemistry, perhaps an improved version of the old 
proverb. 

I I I .  Purpose 

We started in our work from the assumption tha t  
the nucleic acids were complicated and intricate high- 

1 For additional remarks on this problem, compare E. CHARGAFF, 
in Nucleic Acids and Nucleoproteins, Cold Spring Harbor Symp. 
Quant. Biol., 12, 28 (Cold Spring Harbor, N.Y., 1947). 

E.HAMMARSTEN, Aeta reed. Stand., Suppl. 196, 634 (1947). - 
G. JU~GNER, I. JUNONER, and L.-G. ALLG~N, Nature 163, 849 (1949). 

a R.CEcIL and A.G.Oasr J. Chem. Soc. 1382 (1948). 
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polymers, comparable in this respect to the proteins, 
and that the determination of their structures and 
their structural differences would require the develop- 
ment of methods suitable for the precise analysis of all 
constituents of nucleic acids prepared from a large 
number of different cell types. These methods had to 
permit the study of minute amounts, since it was clear 
that  much of the material would not be readily avail- 
able. The procedures developed in our laboratory make 
it indeed possible to perform a complete constituent 
analysis on 2 to 3 mg of nucleic acid, and this in six 
parallel determinations. 

The basis of the procedure is the partition chromato- 
graphy on filter paper. When we started 0ur experi- 
ments, only the qualitative application to amino acids 
was known ~. But it was obvious that the high and 
specific absorption in the ultraviolet of the purines and 
pyrimidines could form the basis of a quantitative 
ultra-micro method, if proper procedures for the 
hydrolysis of the nucleic acids and for the sharp 
separation of the hydrolysis products could be found. 

IV. Preparation o/the Analytical Material 
If preparations of desoxypentose nucleic acids are 

to be subjected to a structural analysis, the extent of 
their contamination with pentose nucleic acid must 
not exceed 2 to 3%. The reason will later be made 
clearer; but I should like to mention here that all 
desoxypentose nucleic acids of animal origin studied 
by  us so far were invariably found to contain much 
more adenine than guanine. The reverse appears to be 
true for the animal pentose nucleic acids: in them 
guanine preponderates. A mixture of approximately 
equal parts of both nucleic acids from the same tissue, 
therefore, would yield analytical figures that would 
correspond, at least as regards the purines, to roughly 
equimolar proportions. Should the complete purifi- 
cation--sometimes an extremely difficult task--prove 
impossible in certain cases, one could think of sub- 
jecting preparations of both types of nucleic acid from 
the same tissue specimen to analysis and of correcting 
the respective results in this manner. This, however, is 
an undesirable device and was employed only in some 
of the preparations from liver which will be mentioned 
later. 

I t  is, furthermore, essential that the isolation of the 
nucleic acids be conducted in such a manner as to 
exclude their degradation by enzymes, acid or alkali. 
In order to inhibit the desoxyribonucleases which 
require magnesium s, the preparation of the desoxy- 
pentose nucleic acids was carried out in the presence 
of citrate ions 3. I t  would take us here too far to 

1 R.CoNsI)E•, A.H. GoRI~OS, and A, J.P.M~RT:~, Biochem. J. 
3S, 294 (1944). 

F. G. FISCHER, I. BST~GER, and H. LEHMANN-ECHTERNACHT, 
Z. physiol. Chem. 271, 246 (1941). 

a M.McCARTY, J. Gen. Physiol. 29, 123 (1946). 

describe in detail the methods employed in our 
laboratory for the preparation of the desoxypentose 
nucleic acids from animal tissues. They represent in 
general a combination of many procedures, as described 
recently for the isolation of yeast desoxyribonucleic 
acid 1. In this manner, the desoxypentose nucleic acids 
of thymus, spleen, liver, and also yeast were prepared. 
The corresponding compound from tubercle bacilli was 
isolated via the nucleoprotein 2. The procedures 
leading to the preparation of desoxypentose nucleic 
acid from human sperm will soon be published 8. All 
desoxypentose nucleic acids used in the analytical 
studies were prepared as the sodium salts (in one case 
the potassium salt was used) ; they were free of protein, 
highly polymerized, and formed extremely viscous 
solutions in water. They were homogeneous electro- 
phoretically and showed a high degree of mono- 
dispersity in the ultracentrifuge. 

The procedure for the preparation of pentose nucleic 
acids from animal tissues resembled, in its first stages, 
the method of CLARKE and SCHRYVER 4. The details of 
the isolation procedures and related experiments on 
yeast ribonucleic acid are as yet unpublished. Commer- 
cial preparations of yeast ribonucleic acid also were 
examined following purification. As has been mentioned 
before, the entire problem of the preparation and 
homogeneity of the pentose nucleic acids, and even of 
the occurrence of only one type of pentose nucleic acid in 
the cell, urgently requires re-examination. 

V. Separation and Estimation o~ Purines 
and Pyrimidines 

Owing to the very unpleasant solubility and polar 
characteristics of the purines, the discovery of suitable 
solvent systems and the development of methods for 
their quantitative separation and estimation 5 pre- 
sented a rather difficult problem in the solution of 
which Dr. ERNST VISCHER had an outstanding part. 
The pyrimidines proved somewhat easier to handle. 
Tile choice of the solvent system for the chromato- 
graphic separation of purines and pyrimidines will, of 
course, vary with the particular problem. The efficien- 
cy of different solvent systems in effecting separation 
is illustrated schematically in Fig. 1. Two of the solvent 
systems listed there are suitable for the separation of 
the purines found in nucleic acids, i. e. adenine and 
guanine, namely (1) n-butanol, morpholine, diethylene 
glycol, water (column 5 in Fig. 1); and (2) n-butanol, 
diethylene glycol, water in a NH 3 atmosphere (column 
11). The second system listed proved particularly 

I E.CHARGAFF and S. ZAMENHOF, J. Biol. Chem. 173, 327 (1948). 
2 E. CItARGAFF and H.F .  SAIDEL, J.  Biol. Chem. 177, 417 (1949). 
3 S.ZAM~LNHOF, L.B.  SIIETTLES, and  E.CH/~.RG#-FF, ~ a t u r ~  (in 

press). 
4 G. CLARKE and S.B. ScHRYVER, Biochem. J. 11, 319 (1917). 
s E.VISCHER and E.CHARGAFF, J. Biol. Chem. 168, 781 (1947); 

176, 703 (1948). 
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convenient. The separation of the pyrimidines is car- 
ried out in aqueous butanol (column 1). 

Following the separation, the location of the various 
adsorption zones on the paper must be demonstrated. 
Our first at tempts to bring this about in ultraviolet 
light were unsuccessful, probably because of inade- 
quate filtration of the light emitted by the lamp then 
at our disposal. For this reason, the expedient was 
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Schematic representation of the position on the paper chromatogram 
of the purines and pyrimidines following the separation of a mixture. 
A adenine, G guanine, H hypoxanthine, X xanthine, U uracil, 
C cytosine, T thymine. The conditions under which the separations 
were performed are indicated at the bottom, a acidic, *r neutral, 
B n-butanol, M morpholine, D diethylene glycol, Co collidine, 

O quinoline. 

(Taken from E.VIscU~R and E.CHARGAFF, J. Bid. Chem. 176, 
704 [1948].) 

used of fixing the separated purines or pyrimidines on 
the paper as mercury complexes which then were made 
visible by their conversion to mercuric sulfide. The 
papers thus developed served as guide strips for the 
removal of the corresponding zones from untreated 
chromatograms that  were then extracted and analyzed 
in the ultraviolet spectrophotometer. The development 
of the separated bases as mercury derivatives has, 
however, now become unnecessary, except for the 
preservation of permanent records, since there has for 
some time been available commercially an ultraviolet 
lamp emitting short wave ultraviolet ("MinerMight", 
Ultraviolet Products Corp., Los Angeles, California), 
With the help of this lamp it is now easy to demon- 
strate directly the position of the separated purines 
and pyrimidines (and also of nucleosides and nucleo- 

tides 1) which appear as dark absorption shadows on 
the background of the fluorescing filter paper and can 
be cut apart  accordingly. (We are greatly indebted to 
Dr. C. E. CARTER, Oak Ridge National Laboratory, 
who drew our attention to this instrumentZ) 

The extracts of the separated compounds are then 
studied in the ultraviolet spectrophotometer. The 
measurement of complete absorption spectra permits 
the determination of the puri ty of the solutions and  
at the same time the quantitative estimation of their 
contents. The details of the procedures employed have 
been published a. In this manner, adenine, guanine, 
uracil, cytosine, and thymine (and also hypoxanthine, 
xanthine, and 5-methylcytosinO) can be determined 
quantitatively in amounts of 2 4 0  y. The precision of 
the method is ~:4~o for the purines and even better 
for the pyrimidines, if the averages of a large series of 
determinations are considered. In individual esti- 
mations the accuracy is about :i:6~o. 

Procedures very similar in principle served in our 
laboratory for the separation and estimation of the 
ribonucleosides uridine and cytidine and for the 
separation of desoxyribothymidine from thymine. 
Methods for the separation and quantitative determin- 
ation of the ribonucleotides in an aqueous ammonium 
isobutyrate-isobutyric acid system have likewise been 
developed 5. 

VI. Methods o/Hydrolysis 
It  has long been known that  the purines can be split 

off completely by a relatively mild acid hydrolysis of 
the nucleic acids. This could be confirmed in our 
laboratory in a more rigorous manner by  the demon- 
stration that  heating at 100 ~ for 1 hour in N sulfuric 
acid effects the quantitative liberation of adenine and 
guanine from adenylic and guanylic acids respectively 6. 
The liberation of the pyrimidines, however, requires 
much more energetic methods of cleavage. Heating 
at high temperatures with strong mineral acid under 
pressure is usually resorted to. To what extent these 
procedures brought about the destruction of the 
pyrimidines, could not be ascertained previously 
owing to the lack of suitable analytical procedures. 
The experiments summarized in Table I, which are 
quoted from a recent paper s, show that  the extremely 
robust cleavage methods with mineral acids usually 
employed must have led to a very considerable degrad- 
ation of cytosine to uracil. Uracil and also thymine 
are much more resistant. For this reason, we turned to 

1 2. CHARGAFF, B. MAGASANIK, R. DoNIGER, and E.VISCHER, J. 
Amer. Chem. Soc. 71, 1513 (1949). 

2 A similar arrangement was recently described by 2. R.HoLIOAu 
and E.A. JOHNSON, Nature 163, 216 (1949). 

a E.VlSCHER and E.C~ARGAFF, J. Biol. Chem. 176, 703 (1948). 
4 j .  KREAM and E.CHARGAFF, unpublished experiments. 
5 E. VISCHER, B. MAGASANIK, and 2. CHARGAFF, Federation Proc. 

8, {263 (1949). - 2.CHARGAFF, B.MAGASANIK, R. DONIGER, and 
2.VlSCHER, J. Amer. Chem. Soc. 71, 1513 (1949). 

6 E.VlSCHER and E.CHARGAFF, J. Biol. Chem. 176, 715 (1948). 
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Table I 

Resistance of pyrimidines to treatment with strong acid. A mixture 
of pyrimidines of known concentration was dissolved in the acids 
indicated below and heated at 1750 in a bomb tube. The concen- 
tration shifts of the individual pyrimidines were determined through 
a comparison of the recoveries of separated pyrimidines before and 

after the heating of the nixture. 

Exper- 
iment 
No. 

1 
2 

4 

Acid 

HC1 (10%) 
10 N HC00H + 

N HC1 (1 : 1) 

HCOOH (98 to 100%) 

Heat- 
ing 

time 
inin. 

90 
{ 60 

120 

Concentration shift, 
per cent of starting 

concentration 

Uracil ;ytosin ?lThymim 

+62 -63  +3 
+ 3  - 5  0 
+ 24 - 19 0 

0 - 1  - 2  
0 + 2  +1 

the hydrolysis of the pyr imidine  nucleotides by  means 
of concentra ted formic acid. For  the l iberat ion of the 
purines N sulfuric acid (100 ~ 1 hour) is employed;  for 
the l iberat ion of the pyrimidines,  the purines are first 
precipi tated as the hydrochlorides by  t r ea tmen t  with 
dry  HC1 gas in  methanol  and  the remaining  pyri-  
midine nucleotides cleaved under  pressure with 
concentra ted formic acid (175 ~ 2 hours). This pro- 
cedure proved par t icular ly  suitable for the investi-  
gat ion of the desoxypentose nucleic acids. For  the 
s tudy of the composit ion of pentose nucleic acids a 
different procedure, making  use of the separat ion of 
the ribonucleotides, was developed more recently,  
which will be ment ioned  later. 

VII .  C o m p o s i t i o n  o/  D e s o x y p e n t o s e  N u c l e i c  A c i d s  

I t  should be s ta ted at  the beginning of this discussion 
tha t  the studies conducted thus far have yielded no 
indicat ion of the occurrence in the nucleic acids ex- 
amined  in our labora tory  of unusua l  ni t rogenous 
constituents. In all desoxypentose nucleic acids in- 
vest igated by  us the purines were adenine and  guanine,  
the  pyr imidines  cytosine and  thymine .  The  occurrence 
in minu te  amount s  of other bases, e.g. 5-methyl-  
cytosine, can, however, not  yet  be  excluded. In  the pen- 
tose nucleic acids uracil  occurred instead of thymine .  

A survey of the composit ion of desoxyribose nucleic 
acid extracted from several organs of the ox is provided 

Table .rI t 
Composition of desoxyribonucleic acid of ox (in moles of nitrogenous 

constituent per mole of P). 

Constituent 

Adenine . . 
Guanine . . 
Cytosine . . 
Thymine . . 
Recovery . . 

Thymus 

Prep. 1 Prep.2 Prep.3 

0.26 0 -28  0.30 
0.21 0 - 2 4  0"22 
0.16 0.18 0.17 
0.25 0.24 0.25 
0"88 0"94 0"94 

Spleen 

Prep. 1 Prep. ~ [ 
Liver 

0.25 0.26 0"26 
0"20 0 . 2 1  0.20 
0.15 0.17 
0.24 0.24 
0.84 0.88 

1 From E.CItARGAFF, E.VISCHER, R. DONIGER, C. GREEN, and 
F.MIsANI, J. Biol. Chem. 177, 405 (1949); and unpublished results. 

in Table II .  The molar  proport ions reported in each 
case represent  averages of several hydrolysis  experi- 
ments.  The composit ion of desoxypentose nucleic 
acids from h u m a n  tissues is s imilarly i l lustrated in 
Table I I i .  The preparat ions  from h u m a n  liver were 
obtained from a pathological specimen in which it  
was possible, thanks  to the kind cooperation of 
M. FABER, to separate port ions of unaffected hepatic 
tissue from carcinomatous tissue consist ing of meta-  
stases from the sigmoid colon, previous to the isolation 
of the nucleic acids 1. 

Table I I I  2 
Composition of desoxypentose nucleic acid of man (irl moles of 

nitrogenous constituent per mole of P). 

Constituent 

Adenine . . . 
Guanine . . . 
Cytosine . . . 
Thymine . . . 
Recovery . . . 

Sperm 

Prep. 1 / Prep. 2 

0.29 0-27 
0-18 t o.17 
0"18 [ 0-18 
0-31 / 0.30 
0.96 0.92 

Thymus 

0.28 
0.19 
0.16 
0.28 
0.91 

Liver 

-Normal Carcinoma 

0.27 0.27 
0.19 0-18 

0.15 
0-27 
0.87 

In  order to show examples far removed from mam-  
mal ian organs, the composition of two desoxyribo- 
nucleic acids of microbial  origin, namely  from yeast  z 
and  from avian  tubercle bacilli 4, is summarized in 
Table IV. 

Table I V  5 
Composition of two microbial desoxyribonucleie acids. 

Constituent 

Adenine 
Guanine 
Cytosine 
Thymine 
Recovery 

Yeast 

Prep. 1 

0-24 
0.14 
0.13 
0.25 
0.76 

Avian 
tubercle 

Prep. 2 bacilli 

0-30 0"12 
0-18 0"28 
0.15 0"26 
0-29 0"11 
0.92 0-77 

The very far-reaching differences in the composition 
of desoxypentose nucleic acids of different species are 
best  i l lustrated by  a comparison of the ratios of 
adenine to guanine  and  of thymine  to cytosine as 
given in Table V. I t  will be seen t h a t  in all cases where 
enough mater ial  for statist ical  analysis was available 
highly significant differences were found. The ana-  
lytical  figures on which Table V is based were derived 
by  comparing the ratios found for individual  nucleic 
acid hydrolysates  of one species regardless of the organ 
from which the preparat ion was isolated. This pro- 
cedure assumes tha t  there is no organ specificity with 

x Unpublished experiments. 
From E. CHARGAFF, 8. ZAMENHOF, and C. GREEN, Nature (in 

press) ; and unpublished results. 
ii E.CHARGAFF and S. ZAMENHOF, J. Biol. Chem. 173, 327 (1948): 
4 E. CHARGAFF and H.F. SAIDEL, J. Biol. Chem. 177, 417 (1949). 
5 From E.VlSCHER, S.ZAM~NHOG and E.CHARGAFF, J. Biol. 

Chem. 177, 429 (1949); and unpublished results. 
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Table V 

Molar proportions of purines and pyrimidines in desoxypentose nucleic acids from different species. 

Species 

O x  1 
Man 2 
Y e a s t .  
A v i a n  tuberc les  baci l lus  

Number 
of different 

organs 

Number 
of different 

prepara Lions 

Adenine/Guanine 

Number of 
hydrolyses a 

20 
6 
3 
2 

Mean 
ratio 

1-29 
1.56 
1.72 
0.4 

Standard 
error 

0-013 
0.008 
0.02 

Thymine/Cytosine 

Number of 
hydrolyses a 

Mean 
ratio 

1 "43 
1-75 
1'9 
0'4 

t Standard 
error 

0-03 
0.03 

1 Preparations from thymus, spleen, and liver served for the 
purine determinations, the first two organs for the estimation of 
pyrimidines. 

respect to the composition of desoxypentose nucleic 
acids of the same species. That  this appears indeed to 
be the case may  be gathered from Tables I I  and I I I  
and even better  from Table VI where the average 
purine and pyrimidine ratios in individual tissues of 
the same species are compared. Tha t  the isolation of 
nucleic acids did not entail an appreciable fraction- 
ation is shown by the finding that  when whole de- 
fat ted human spermatozoa, after being washed with 
cold 10% trichloroacetic acid, were analyzed, the same 
ratios of adenine to guanine and of thymine to cytosine 
were found as are reported in Tables V and VI. I t  
should also be mentioned that  all preparations, with 
the exception of those from human liver, were derived 
from pooled starting material  representing a number, 
and in the case of human spermatozoa a very large 
number, of individuals. 

Table V I  

Molar proportions of purines and pyrimidines in desoxypentose 
nucleic acids from different organs of one species. 

Adenine/ Thynfine/ 
Species Organ Guanine Cytosine 

T h y m u s  1-3 1.4 
Ox Spleen 1-2 1-5 

L ive r  1.3 

Man 

T h y m u s  
Sperm 
L ive r  (normal) 
L ive r  (carcinoma) 

1-5 
1.6 
1.5 
1.5 

1.8 
1.7 
1.8 
1-8 

The desoxypentose nucleic acids extracted from dif- 
ferent species thus appear  to be different substances or 
mixtures of closely related substances of a composition 
constant for different organs of the same species and 
characteristic of the species. 

The results serve to disprove the tetranucleotide 
hypothesis. I t  is, however, notewor thy--whether  this 
is more than accidental, cannot yet be sa id - - tha t  in all 
desoxypentose nucleic acids examined thus far the 
molar ratios of total  purines to total  pyrimidines, and 
also of adenine to thymine and of guanine to cytosine, 
were not far from 1. 

2 Preparations from spermatozoa and thymus were analysed. 
s In each hydrolysis between 1~ and ~4 determinations of indi= 

vidual purines and pyrimidines were performed. 

VII I .  Composition o~ Pentose Nucleic Acids 

Here a sharp distinction must be drawn between the 
prototype of all pentose nucleic acid investigations--  
the ribonucleic acid of yeas t - -and  the pentose nucleic 
acids of animal cells. Nothing is known as yet about 
bacterial pentose nucleic acids. In view of the in- 
completeness of our information on the homogeneity 
of pentose nucleic acids, which I have stressed before, 
I feel that  the analytical results on these preparations 
do not command the same degree of confidence as do 
those obtained for the desoxypentose nucleic acids. 

Table V i l l  I 

Composition of pentose nucleic acids from animai tissues. 

Constituent 

Guanyl ic  ac id  . . . 
Adenyl ic  ac id  . . . 
Cy t idy l i c  ac id  . . . 
Ur idy l ic  acid . . . 
Pur ines  : p y r i m i d i n e s  

Calf 
liver 

16"3 
10 
11.1 

5"3 
1-6 

Ox Sheep 
liver liver 

14.7 16'7 
10 10 
10.9 13"4 

6"6 5'6 
1-4 1 '4 

Pig 
liver 

16-2 
10 
16.1 

7-7 
1.1 

Pig 
pancreas 

22-5 
10 

9.8 
4.6 
2'5 

Three procedures, to which reference is made in 
Tables VI I  and VII I ,  were employed in our laboratory 
for the analysis of pentose nucleic acids. In Procedure 1, 
the pentose nucleic acid was hydrolysed to the nucleo- 
tide stage with alkali, at PH 13-5 and 30 ~ and the 
nucleotides, following adjustment to about pH 5, 
separated by  chromatography with aqueous am- 
monium isobutyrate-isobutyric acid as the solvent. 
Under these conditions, guanylic acid shares its position 
on the chromatogram with uridylic acid; but it is pos- 
sible to determine the concentrations of the two com- 
ponents in the eluates by simultaneous equations based 
on the ultraviolet absorption of the pure nucieotidesL 
The very good recoveries of nucleotides obtained in 
terms of both nucleic acid phosphorus and nitrogen 
show the cleavage by  mild alkali t reatment  of pentose 
nucleic acids to be practically quant i ta t ive . - - In  

1 Unpublished results. 
2 E.VISCHER, B. MAGASANIK, and E.CHARGAFF, Federation Proc. 

8, 263 (1949). - ]~,CHARGAFF, B. MAGASANIK, R.DoNmER, and 
E.VlscHER, J. Amer. Chem. Soc. 71, 1513 (1949). 
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Table VII I 
Composition of yeast ribonucleic acid (in moles of nitrogenous constituent per mole of P). 

207 

Constituent 

Adenylic acid . . . . . .  
Guamylic acid . . . . . .  
Cytidylic acid . . . . . .  
Uridylic acid . . . . . .  
Recovery . . . . . . . .  

Preparation 1 

Procedure Procedure[ Procedur'-~ Procedure Procedure 
1 2 J 3 1 2 

i 

0.29 0.26 0.26 0.27 
0-28 0.29 I 0.26 0.25 
0-18 0-17 I 0-24 0.20 
0.20 0.20 ] 0-08 0.18 0.19 
0'95 0.92 I 0-84 0.90 

I 

Preparation 2 Preparationl 3 

Procedure ] Procedure Procedure I 
1 I 2 3 

0-25 0.23 0.24 I 
00:2216 026 
0-20 0.25 
0.92 0.97 

Procedure 
3 

0.24 
0.25 

1 From ]~.VISGHER and  E.CHARGAFt ~, J. Biol. Chem. 176, 715 (1948). - E.CHARGAFF, B.~AGASANIK, R. DoNIC, ER, and  E.VIsCHER, 
J. Amer. Chem. Soc. 71, 1513 (1949); and  unpubl i shed  results.  

Procedure 2, the purines are first l iberated by  gaseous 
HC1 in dry  methanol  and the evaporat ion residue of 
the reaction mixture  is adjusted to PH 13-5 and then 
t reated as in Procedure 1. In this manner,  uridylic and 
cytidylic acids, adenine and guanine are separated and 
determined on one ch roma tog ram. - -The  determi- 
nations of free purines and pyrimidines in acid hydro-  
lysates of pentose nucleic acids, following the methods 
outlined before for the desoxypentose nucleic acids, 
are listed as Procedure 3. I t  will be seen tha t  it is 
mainly uracil which in this procedure escapes quanti-  
tat ive determination.  This is due to the extreme 
refractoriness of uridylic acid to complete hydrolysis 
by  acids, a large portion remaining partially unsplit as 
the nucleoside uridine. As mat ters  s tand now, I con- 
sider the values for purines yielded by  Procedures 1 
and 3 and those for pyrimidines found by Procedures 1 
and 2 as quite reliable. 

A survey of the composition of yeast  ribonucleic 
acid is provided in Table VI I .  Preparat ions 1 and 2, 
listed in this table, were commercial preparat ions tha t  
had been purified in our laboratory and had been sub- 
jected to dialysis; Preparat ion 3 was isolated from 
baker 's  yeast  by  B. MAGASAN~K in this laboratory 
by  procedures similar to those used for the preparat ion 
of pentose nucleic acids from animal tissues and had 
not  been dialyzed. I t  will be seen tha t  the results are 
quite constant  and not  very  far from the proportions 
required by  the presence of equimolar quantit ies of all 
four nitrogenous constituents.  

An entirely different picture, however, was en- 
countered when the composition of pentose nucleic 
acids from animal cells was investigated. A preliminary 
summary  of the results, in all cases obtained by  
Procedure 1, is given in Table VI I I .  Here guanylic acid 
was the preponderat ing nucleotide iollowed, in this 
order, by  cytidylic and adenylic acids; uridylic acid 
definitely was a minor consti tuent.  This was true not  
0nly of the ribonucleic acid of pancreas which has been 
known to be rich in guanine 1, but  also of all pentose 

1 E.HA,'aMARSTEN, Z. physiol. Ch. 109, 141 (1990). - P.A. 
LEVENE and E. JORPES, J. Biol. Chem. 86, 389 (1930). - E. JORPES, 
Biochem. J. 28, 2102 (1934). 

nucleic acids isolated by  us from the livers of three dif- 
ferent species (Table VII I ) .  

In  the absence of a t ruly  reliable s tandard method 
for the isolation of pentose nucleic acid from animal 
tissue, generalizations are not  yet  permit ted;  bu t  it 
would appear  tha t  pentose nucleic acids from the same 
organ of different species are more similar to each other, 
at least in certain respects (e. g. the ratio of guanine to 
adenine), than are those from different organs of the 
same species. (Compare the pentose nucleic acids from 
the liver and the pancreas of pig in Table VII I . )  

IX .  Sugar Components 

I t  is deplorable tha t  such designations as desoxy- 
ribose and ribose nucleic acids continue to be used as 
if they  were generic terms. Even  the " t h y m u s  nucleic 
acid of fish sperm" is encountered in the literature. As 
a mat te r  of fact, only in a few cases have the sugars 
been identified, namely,  d-2-desoxyribose as .a consti- 
tuent  of the guanine and thymine  nucleosides of the 
desoxypentose nucleic acid from calf thymus,  D- 
ribose as a const i tuent  of the pentose nucleic acids 
from yeast, pancreas, and sheep liver. 

Since the quanti t ies of novel nucleic acids usually 
will be insufficient for the direct isolation of their 
sugar components,  we a t tempted  to employ the very 
sensitive procedure of the filter paper chromatography  
of sugars 1 for the s tudy  of the sugars isolated from 
minute  quantit ies of nucleic acids. I t  goes without  
saying tha t  identifications based on behavior  in ad- 
sorption or part i t ion are by no means as convincing as 
the actual  isolation, but  they  will at  least permit a 
tenta t ive  class{fication of new nucleic acids. Thus  far 
the pentose nucleic acids of pig pancreas ~ and of the 
avian tubercle bacillus 3 have been shown to contain 
ribose, the desoxypentose nucleic acids of ox spleen 4, 

1 S~M. PARTRIDGE, N a t u r e  158, 270 (1946). - S.M. PARTRIDGE 
a n d  R.G.WESTALL, Biochem.  J.  42, 238 (1948). - E. CHARGAFF, C. 
LEVlNE, and C. GREEN, J. Biol. Chem. 175, 67 (1948). 

E.VIsCHER and E.CvIARGAFF, J. Biol. Chem. 176, 715 (1948). 
3 E. VIscHER, S. ZAMENHOF, a n d  E.CHARGAFF, .~. Biol. Chem. 

177, 429 (1949). 
4 E.CHARGAFF, E.VISCHER, R. DONIGER, C. GREEN, and F. 

MISANI, J .  Biol. Chem.  177, 405 (1949). 
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yeast and avian tubercle bacilli 1 desoxyribose. It 
would seem that the free play with respect to the 
variability of components that  nature permits itself 
is extremely restricted, where nucleic acids are con- 
cerned. 

X. Depolymerizing Enzymes 

Enzymes capable of bringing about the depoly- 
merization of both types of nucleic acids have long 
been known ; but it is only during the last decade that  
crystalline ribonuclease ~ and desoxyribonucleaseZfrom 
pancreas have become available thanks to the work of 
KUNITZ. Important  work on the latter enzyme was 
also done by MCCARTY 4. 

Table I X  5 
Enzymatic degradation of calf thymus  desoxyribonucleic acid. 

O r i g i n a l  . . . .  

D i a l y s a t e  . . . 

D i a l y s i s  r e s i d u e  

P. 

0 
6 

24 

t Composition of fractions 
~ "~ (molar proportions) 

0 100 
6 53 

72 7 

1.2 1"3 
1.2 1"2 
1.6 2.2 

1.6 1.2 
1 . 2  1 . 0  

3 . 8  2 . 0  

We were, of course, interested in applying the 
chromatographic micromethods for the determination 
of nucleic acid constituents to studies of enzymatic 
reaction mechanisms for which they are particularly 
suited. The action of crystalline desoxyribonuclease on 
calf thymus desoxyribonucleic acid resulted in the 
production of a large proportion of dialyzable frag- 
ments (53 per cent of the total after 6 hours digestion), 
without liberation of ammonia or inorganic phosphate. 
But even after extended digestion there remained a 
non-dialyzable core whose composition showed a 
significant divergence from both the original nucleic 
acid and the bulk of the dialyzate ~. The preliminary 
findings summarized in Table IX indicate a consider- 
able increase in the molar proportions of adenine to 
guanine and especially to cytosine, of thymine to 
cytosine, and of purines to pyrimidines. This shows 
that  the dissymmetry in the distribution of constitu- 
ents, found in the original nucleic acid (Table Ii), is 
intensified in the core. The most plausible explanations 
of this interesting phenomenon, the study of which is 
being continued, are that  the preparations consisted 
of more than one desoxypentose nucleic acid or that 
the nucleic contained in its chain clusters of nucleotides 

1 E. VISCHER, S. ZAMENHOF, and ~E. CHARGAFF, J. Biol. Chem. 
177, 429 (1949). 

2 M. KUNITZ, J. Gen. Physiol. 24, 15 (1940). 
z M. KIJNITZ, Science 108, 19 (1948). 
4 M. McCARTY, J. Gem Physiol. 29, 123 (1946). 
5 From S. ZAMENaOF and E.CHARGAFF, J. Biol. Chem. 178, 531 

(1949). 
e S.ZAMENROF and E.CHARGAFF, J. Biol. Chem. 178, 531 (1949). 

(relatively richer in adenine and thymine) that  were 
distinguished from the bulk of the molecule by greater 
resistance to enzymatic disintegration. 

In this connection another study, carried out in 
collaboration with S. ZAMENHOF, should be men- 
tioned briefly that dealt with the desoxypentose 
nuclease of yeast cells 1. This investigation afforded a 
possibility of exploring the mechanisms by which an 
enzyme concerned with the disintegration of desoxy- 
pentose nucleic acid is controlled in the cell. Our 
starting point again was the question of the specificity 
of desoxypentose nucleic acids; but the results were 
entirely unexpected. Since we had available a number 
of nucleic acids from different sources, we wanted to 
study a pair of desoxypentose nucleic acids as distant 
from each other as possible, namely that  of the ox and 
that  of yeast, and to investigate the action on them of 
the two desoxypentose nucleases from the same cellular 
sources. The desoxyribonuclease of ox pancreas has 
been thoroughly investigated, as was mentioned before. 
Nothing was known, however, regarding the existence 
of a yeast desoxypentose nuclease. 

I t  was found that  fresh salt extracts of crushed cells 
contained such an enzyme in a largely inhibited state, 
due to the presence of a specific inhibitor protein. This 
inhibitor specifically inhibited the desoxypentose 
nuclease from yeast, but not that from other sources, 
such as pancreas. The yeast enzyme depolymerized the 
desoxyribose nucleic acids of yeast and of calf thymus, 
which differ chemically, as I have emphasized before, 
at about the same rate. In other words, the enzyme 
apparently exhibited inhibitor specificity, but not 
substrate specificity. It  is very inviting to assume that 
such relations between specific inhibitor ~nd enzyme, 
in some ways reminiscent of immunological reactions, 
are of more general biological significance. In any 
event, a better  understanding of such systems will 
permit an insight into the delicate mechanisms through 
which the cell manages the economy of its life, through 
which it maintains its own continuity and protects 
itself against agents striving to transform it. 

x I .  Concluding Remarks 

Generalizations in science are both necessary and 
hazardous; they carry a semblance of finality which 
conceals their essentially provisional character; they 
drive forward, as they retard; they add, but they also 
take away. Keeping in mind all these reservations, we 
arrive at the following conclusions. The desoxypentose 
nucleic acids from animal and microbial cells contain 
varying proportions of the same four nitrogenous 
constituents, namely ,  adenine, guanine, cytosine, 
thymine. Their composition appears to be character- 
istic of the species, but not of the tissue, from which 

1 S. ZAMENHOV and E.CHARGAFF, Science 108, 628 (1948); J. Biol. 
Chem. 180, 727 (1949). 
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they  are der ived.  The p resumpt ion ,  therefore,  is t h a t  
there  exists  an enormous  number  of s t ruc tu ra l ly  dif- 
ferent  nucleic ac ids ;  a number ,  cer ta in ly  much larger  
than  the ana ly t i ca l  me thods  ava i lab le  to us a t  present  
can reveal .  

I t  cannot  ye t  "be decided,  whether  wha t  we call the  
desoxypentose  nucleic acid of a given species is one 
chemical  indiv idual ,  r ep resen ta t ive  of the  species as a 
whole, or whe ther  i t  consists of a mix tu re  of closely 
re la ted  substances ,  in which case the  cons tancy  of i ts  
composi t ion  mere ly  is a s ta t i s t i ca l  expression of the  
unchanged  s ta te  of the  cell. The l a t t e r  m a y  be the  
case if, as appea r s  probable ,  the  h ighly  po lymer ized  
desoxypentose  nucleic acids  form an essent ia l  pa r t  of 
the  he r ed i t a ry  processes ; bu t  i t  will be unders tood  from 
wha t  I said a t  the  beginning t h a t  a decision as to the  
i d e n t i t y  of na tu r a l  high po lymers  often stil l  is beyond  
the  means  a t  our  disposal .  This will be pa r t i cu la r ly  t rue  
of subs tances  t ha t  differ from each other  only  in the  
sequence, not  in the  propor t ion ,  of their  const i tuents .  
The number  of possible nucleic acids hav ing  the same 
ana ly t i ca l  composi t ion  is t ru ly  enormous.  For  example ,  
the  number  of combina t ions  exhib i t ing  the  same molar  
3?roportions of ind iv idua l  pur ines  and  pyr imid ines  as 
the  desoxyr ibonucle ic  acid of the  ox is more than  1056, 
if the  nucleic acid  is assumed to consist of only  100 
nucleot ides ;  if i t  consists of 2,500 nucleotides,  which 
p robab ly  is much nearer  the  t ru th ,  then the  number  of 
possible " i somers"  is not  far from 1015~176 . 

Moreover,  desoxypentose  nucleic acids from dif- 
ferent  species differ in thei r  chemical  composi t ion,  as I 
have  shown before;  and  I th ink  there  will be no 
objec t ion  to the  s t a t emen t  tha t ,  as far as chemical  
possibi l i t ies  go, t hey  could ve ry  well serve as one of 
the  agents ,  or poss ib ly  as the  agent ,  concerned with  
the  t ransmiss ion of inher i ted  propert ies .  I t  would be 
gra t i fy ing  if one could s a y - - b u t  this  is for the  momen t  
no more than  an unfounded  s p e c u l a t i o n - - t h a t  jus t  as 
the  desoxypentose  nucleic acids of the  nucleus  are  
species-specif ic  and  concerned with  the  main tenance  
of the  species, the  pentose  nucleic acids of the  cyto-  
p lasm are  organ-specif ic  and  involved in the  i m p o r t a n t  
t a sk  of d i f ferent ia t ion.  

I should not want to close without thanking my colleagues who 
have taken part  in the work discussed here ; they are, in alphabetical 
order, Miss R. DoNIGs Mrs. C. GREEN, Dr. B. MAGASANIK, Dr. 
E.VlsCUER, and Dr. S.ZA~ENHO~. 

Zusammen[assung 

Die Bet rachtung der NukleinsAuren, sowohl der 
Desoxypentosen als der Pentosen enthal tenden Ver- 
bindungen,  als organische Makromolektile macht  eine 
Auseinandersetzung mit  den Problemen notwendig, 
welche sich auf die Best immung von Identi tAt oder 
Verschiedenheit  solcher aus verschiedenen Zellen iso- 
l ierten hochpolymeren Substanzen beziehen. Dies fiihrt 
zu einer kri t ischen Besprechung der sicherlich nicht  
ha l tbaren  Tet ranukleot idhypothese  und zur Formulie-  
rung eines Arbei t sprogramms ffir die AufklS.rung der Zu- 
sammensetzung individueller  Nukleins~Luren. 

Die mikrochromatographischen und spektrophoto-  
metrischen Methoden zur Trennung und quan t i t a t iven  
Best immung der st ickstoffhalt igen Nukleins~Lurebestand- 
teile werden kurz geschildert.  Sie erm6glichen die 
quant i ta t ive  Analyse der Purine Adenin, Guanin, 
Hypoxan th in  und Xanth in  und der Pyr imidine  Cytosin, 
Uracil  und Thymin  im Bereiche von 2 bis 40 p. An die 
Beschreibung der Verfahren zur Isolierung der als 
Analysenmater ia l  dienenden hochpolymerisier ten Nu- 
kleinsAureprAparate aus verschiedenen Zellen schliel3t 
sich eine Besprechung der Hydrolysen-  und Analysen-  
methoden, die auf sehr geringe NukleinsAuremengen 
(2 bis 3 mg) anwendbar  sind. 

Alle bis je tz t  untersuchten Desoxypentosenuklein-  
s/turen enthiel ten 2-Desoxyribose als Zucker und 
Adenin, Guanin, Cytosin und Thymin als Stickstoff- 
komponenten  in fiir die betreffende Zelle konstanten,  
yon der Tet ranukleot idhypothese  weir abweichenden 
Proport ionen.  Ihre  Zusammensetzung ist spezifisch ffir 
die Spezies, die als Ausgangsmater ial  dient, jedoch nicht  
ftir das Ausgangsgewebe. Weir auseinanderliegende 
Arten,  wie z. B. S~Lugetiere gegeniiber Mikroorganismen, 
enthal ten  v611ig verschieden zusammengesetzte Desoxy- 
pentosenukleinsAuren. In  manchen FAllen lassen sich 
jedoch auch bei n~therliegenden Nukleins/iuren, z. ]3. 
denen des Ochsen und des Menschen, ins Gewicht fal- 
lende Verschiedenheiten aufzeigen. Die Untersnchung 
der PentosenukleinsAuren, die auf einer quant i ta t iven  
Best immung der sie zusammensetzenden Mononukleo- 
t ide beruht,  ist noch nicht so weit gediehen. Sie ha t  vor- 
1Aufig gezeigt, dab sich die Verbindungen aus SAuge- 
t iergewebe von denen aus Hefe durch einen relat iv  sehr 
hohen Gehalt  an GuanylsAure unterscheiden, und ha t  
Anhal t spunkte  daftir gegeben, dab die Pentosenuklein- 
sAuren eher organ- als spezies-spezifisch sind. 

Als Beispiele tiir den Beitrag, den die Untersuchung 
enzymatischer  Reaktionslnechanismen zum Problem 
der chemischen SpezifizitAt der Nukleins~turen leisten 
kann, werden schlieBlich Versuche mit  der kristal l i-  
siexten Desoxyribonuklease aus Pankreas  und mit  einer 
durch interessante HemmungsstoffspezifizitAt ausge- 
zeichneten Desoxypentosenuklease aus Hefe geschildert.  
Zum Abschlul3 werden einige der Probleme gestreift, die 
sich aus der hier nachgewiesenen Existenz vieler ver- 
schiedener Nukleinsiimren ergeben. 

x 4 Exper. 
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Effects of Ultra-Violet Light on Nucleic Acid and Nucleoproteins 
and Other Biological Systems 1 

By J. A. V. BUTLER s, London 

I t  may be helpful to start  with a rather general pic- 
ture of the chemical and physico-chemical background 
of U.V. processes and also to discuss in a rather general 
way the possible links between the chemical pheno- 
mena and the biological effects observed. I think it will 
be clear that  there is at present a very considerable gap 
between the chemistry and the biology, i.e. it is im- 
possible to say precisely what the biological effects 
will be, even if we know what chemical actions were 
produced. 

The action of light on simple chemical compounds is 
fairly well understood. The general result of the  ab- 
sorption of light by  a system of nuclei and electrons is 
an electronic excitation, i.e. the displacement of one 
or more electrons from the levels they occupy in the 
unexcited molecule to excited states of higher energy. 
The energy so gained may be used in the following 
ways: 

(1) Re-radiation (fluorescence; phosphorescence). 
(2) Degradation to thermal vibrations of atoms. 
(3) In bringing about chemical changes in the excit- 

ed molecule, e.g. a breakage of co-valent or other bonds 
resulting in dissociation of the excited molecule. This 
happens when the energy level of the excited state is 
above that  of the dissociated molecule. 

(4) By collision with other atoms or molecules: the 
transfer of excffation energy to colliding molecules may 
occur and chemical reactions may  as a consequence 
take place in these. 

Many examples of such processes are known. In 
applying these concepts to biological systems two 
kinds of difficulties arise: 

(1) Many of the absorbing molecules, e.g. proteins, 
nucleic acids, are extremely complex and it is usually 
impossible to decide what is the activated state and to 
trace its history. 

(2) Of the many  compounds which are capable of 
absorbing radiation, it is not known and can only be 
decided by  indirect evidence, which are important  and 
which are secondary in bringing about the biological 
effect. 

x Lecture given to the Congrgs InternationaI de Photobiologie, 
Amsterdam, August 1954. 

2 Chester Beatty Research Institute,  Inst i tute  of Cancer Research: 
Royal Cancer Hospital, London. 

Much of the biological work has been concerned 
specifically with mutation. I t  must not be forgotten 
that  this is a highly specialised result of u.v. radiation, 
since of the many  actions which occur, most are lethal 
if the dose is sufficient and very few result in mutation. 
In the study of mutations produced by light we are 
dealing with a non-typical process. The lethal and other 
effects of light are equally important  as the genetical 
effects. They are probably due to action of light on the 
enzyme systems. This is a little explored field which 
would repay examination-as many  enzymes have 
prosthetic groups which absorb in u.v. or visible. I t  is 
probable that  many  of the effects of u.v. are due to 
disorganisation of the metabolism in the cell by  in- 
activating or modifying critical metabolic systems. 

O 
, / \  \ /  

Bose - -  I CH C H - - C H 2 - - O - - P -  
\ 1 4 '  5' \ 
CHt,,,-CH OH 
2' 3 ' ~  0 \ /o  

/% 
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Fig. 1.-Structural formula of DNA. 

I t  has been found that  in many cases the action 
spectrum of light corresponds to the u.v. spectrum of 
nucleic acids. Since chromosomes contain DNA it is 
inferred that  the light producing mutations is that  
absorbed by DNA. There are exceptions, however, e.g. 
the observation of McAULEY and FORD that  the 
maximum efficiency of irradiation of Chaetomium cor- 
responds with absorption spectrum of proteins 1. There 
are also the observations of HOLLAENDER of tWO peaks 
in the action spectrum s , one of which corresponds to 
absorption by proteins. I shall deal here principally 
with the action of u.v. on desoxyribonucleic acids. The 
formula of a typical part  of the DNA chain is shown in 
Figure 1. 

Direct action o/ u.v. on nucleic acids.-Although the 
absorption coefficients of nucleotides and of DNA are 
high, the quantum efficiency of chemical changes 

1 T. M. MCAULAY and A. L. FORD, Heredity 1,947 (1947). 
2 A. HOLLAENDER, K. B. RAPER, and R. D. COGHILL, Amer. J. 

Botany 32, 160 (1940). 
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produced  is appa ren t l y  low, bu t  ve ry  few accurate  
measurements  of chemical  changes p roduced  b y  u.v. 
l ight  on these compounds  have  been made.  ERRERA 1 
gives values  of the  order  of 10-2-10 5 in cer ta in  cases. 
I t  has been found tha t  pur ines  are very  s table  to u.v. ; IOO- 
pyr imidines  are less so, the  pyr imid ine  r ing being de- 
composed wi th  the format ion  of urea  ~, bu t  i t  is doubt -  .~  

L0 
ful if this  occurs to any apprec iab le  ex ten t  when the o 
pyr i ln idine  is present  in DNA.  There  is a loss of vis- "~ > 
cosity of DNA (Fig. 2), bu t  i t  is not  cer ta in  tha t  this  is -6 
the result  of the  b reakage  of nucleot ide  chains 3. I t  is i~c 
difficult  to be sure of this  as only  one b reak  per  par t ic le  
will produce a considerable  decrease of v iscos i ty ;  how- *6 

50- ever, no grea t  change of molecular  weight  has been 5- ~ 
de tec ted  as a resul t  of u.v. rad ia t ion .  I t  is difficult  to 
be sure, as the  molecular  weight  me thods  can  r iot  be 

10( 

2 

! 

t ha t  exposure  to u.v. l ight  lowers the  f locculat ion 
t empe ra tu r e  of serum albumen.  

CONTROL 
(- - --X-X . . . .  X . . . . . . . .  -X . . . . . . . . . . . . .  X . . . . . .  

X 
~X~X~X~ 

X~ 2 MIN 
AFTER 
IRRADIATION 

X-----~. 

I~x:) 260 2,60 Min 
Time after irradiation 

h o v o y o 0 0 5 o  o io h i k e t  
' --ingla~ innitrogenoroxygea 400C after ~ rain u.v. irradiation in quartz tube in nitrogen. 

inq . . . . . .  innltroge n We have  found some indica t ion  t ha t  af ter  u.v. ir- 

rad ia t ion ,  DNA is also more sensit ive to hea t  degrada-  

~ i'~g~ i" ~ ~176176176 t ion t han  or iginal ly  (Fig. 3). This indicates  t ha t  u.v. 
'. i'iis i i i  br ings about  changes which predispose the  par t ic le  to 

hea t  dena tu ra t i on  and i t  is theref9re probable  tha t  
~,, q ........ ,h 0-00~ ~-o.,o, ~ " ~ ' some hydrogen  bonds  are broken  dur ing the  i r radia t ion.  

in quartz with0.01 ~-HiO , ADENINE T H Y M I N E  

I I I I 
0 5 10 I$ 20  

time (min) 

Fig. 2.-Change of viscosity of thylnonucleic acid (0"1%) solutions 
with time when irradiated under various conditions, by nleans of 
mercury u.v. arc. at constant intensity [J. A. V. BUTLER and B. E. 

CONWAY, Proc. Roy. Soc. [B] 141,562 (1953)1, 7c appl ied  easi ly to mixtures .  I t  mus t  be a d m i t t e d  tha t  
this  conclusion m a y  have to be reconsidered when more 
precise me thods  of measurement  are avai lable .  How- 
ever, i t  is more l ikely t ha t  the  loss of viscosi ty  is due 
to a p a r t i a l  collapse of the  stiff D N A  par t ic le  due to 
b reakage  of the  hydrogen bonds  which main ta in  the  
original  configurat ion.  The amoun t  of energy absorbed  
is considerable.  Much of the  energy absorbed  m a y  be 
degraded  to v ib ra t iona l  energy and lost as heat .  One 
q u a n t u m  of wave length  2500 ~ = 4.96 e.v. - 115 
kcals /mol ,  is sufficient to b reak  at  least  20 hydrogen  
bonds.  

In  case of prote ins  there is fa i r ly  clear evidence t ha t  
u.v. r ad ia t ion  is capable  of producing  dena tu ra t i on  b y  
breakage  of H bonds  e.g.  CLARK 4 (1937--1945' found 

I M. ERRERA, B i o c h e n l .  B i o p h y s .  A c t a  8, 30, 115 (195'2) P r o g r e s s  

in Biophysics 3, 88 (1952). 
2 M. M. STIMSON and T. R. LOOFBOUROW, J. Chem~ Soc. 8, 44 

(1940). 
a j .  A. V. BUTLER and B. E. CONWAY, Proc. Roy. Soc. [B] 141, 

562 (1953). 
4 j .  B. CLARK, Amer. J. Physiol. 113, 538 (1935) ; J. Gen. Physiol. 

19, 199 (1935); 27, 101 (1943). - E. V. RAJEWSKI, Biochem. Z. 227, 
272 (1930). 

"3 

Fig. 4.-Hydrogen bonding of bases of DNA. IF. H. C. CRICK and 
J. D. WATSON, Nature 17l, 737 (1953).] 

In  the  case of D N A  it is possible to give a more precise 
in te rp re ta t ion  of the  hydrogen  bond  breakage  in te rms 
of the  WATSON and  CRICK modeP,  according to which 
two nucleot ide  th reads  are hydrogen-bonded  toge ther  
(Fig. 4). I t  is however,  not  at  all clear, as we shall  see 
later ,  why  breakage  of such hydrogen  bonds  should  
produce  any genet ical  effects as they  could easi ly be 
remade,  and  can only be remade  in one way. However ,  
it  would be ve ry  difficult  to assert  t ha t  u.v. does not  
also cause minu te  amounts  of deamina t ion  or de- 
hyd roxy la t i on  which would have a pe rmanen t  effect. 
i shall  discuss the  biological effects of such changes 
later .  

Indirect  actions o/ u.v. and visible l ight . -  We turn 
now to cases in which l ight  is absorbed  b y  o ther  mole- 
cules in the  presence of nucleic acids. 

1 j .  D. WATSON and F. H. C. CRICK, Nature 171, 737 (1953). 
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(1) The dissociat ion of oxygen  itself can be brought  
about  b y  wavelengths  < 2530 A.  The oxygen a toms  
formed are, of course, powerful  oxidizing agents  
easi ly producing  OH radicals ,  which can react  d i rec t ly  
wi th  nucleic acid. The can also give rise to hydrogen  
peroxide  in the  solution,  which will have  effects discus- 
sed below. I t  is also possible t ha t  O 2 will be ac t i va t ed  a t  
r a the r  lower wavelengths  b y  l ight  absorbed  b y  the  
nucleic acid, a l though this has not  been proved.  D N A  
is cer ta in ly  more r ap id ly  degraded  by  u,v. l ight  (2500 
A) in the  presence than  in the  absence of oxygen  
(see Fig.  1). 

(2) Hydrogen  peroxide  when present  is dissociated 
wi th  p rac t i ca l ly  uni t  efficiency b y  l ight  of wavelength  
< 3100 ~ ,  and  the main  products  is h y d r o x y l  
radica ls :  H202--> 2 OH. There are cer ta in  secondary  
react ions  possible e.g. 

H202 + OH =: H20 + 02H 

but  these are p robab ly  u n i m p o r t a n t  in the presence of 
an oxidizable  subs t ra te .  The ac t ion  of OH radicals  on 
DNA is q u a n t i t a t i v e l y  very  s imi lar  to tha t  of X-rays .  
The loss of v iscos i ty  is of the  same order  as t h a t  
p roduced  by  a q u a n t i t y  of X- rays  which yield an 
equal number  of OH radicals .  Among  the act ions of 
photochemica l ly  formed hydroxy l  radicals,  which have  
been observed 1 or inferred are : 
(1) deamina t ion  of the  bases, 
(2) dehyd roxy la t i on  of the bases, 
(3) pa r t i a l  des t ruc t ion  of pyr imid ine  ring, 
(4) b reakage  of bond  between the base and the sugar,  
(5) ox ida t ion  of a lky l  groups (in the  case of e thyl  

phosphates) ,  
(6) the  b reakage  of the  nucleot ide chain and the 

l ibera t ion  of phosphate .  
I t  might  be no ted  t ha t  the  l a t t e r  seems to be a 

consequence of the  ox ida t ion  of the  sugar  moiety .  This 
has not  been proved  direct ly ,  bu t  in the case of the  
e thyl  phospha tes  i t  is found 2 tha t  an equivalent  oxida-  
t ion of the  e thyl  group a lways  accompanies  the  l ibera-  
t ion of the  free phosphate .  I t  is also found t ha t  wi th  
D N A  the  phospha te  l ibe ra ted  increases app rox ima te ly  
as the  square of the  t ime (Fig. 5) -which  is due to the  
fact t ha t  in order  to l ibera te  a phospha te  group, two 
ad jacen t  sugar -phospha te  l inks have to be broken.  This 
explains  why  the yie ld  of free PO 4 from small  doses of 
OH radicals  is ve ry  small ,  a l though the efficiency of 
the  l ibera t ion  of free phospha te  from alkyl  phosphates  
and simple nucleot ides  b y  the ac t ion of OH radicals  is 
r e m a r k a b l y  high, about  one phospha te  being l ibera ted  
with  adenosine for each H~02 decomposed.  I t  m a y  be 
tha t  a shor t  chain react ion is occurring. But  at  least  

1 j .  A. V. BUTLER and B. E. CONWAY, Prec. Roy. Soc. IB] 141, 
562 (1953). - B. E. CONWAY and J. A. V. BUTLER, J.  Chem. Soc. 
1952, 834. 

2 j .  A. V. BUTLER and B. E. CONWA'I, Prec. l~oy. See. 141, 562, 
(1953). 

we can infer from this t ha t  the hyd roxy l  radicals  
p roduced  by i r rad ia t ion  of hydrogen  and o ther  peroxides  
are ve ry  efficient in break ing  the nucleot ide chain, as 
well as br inging about  o ther  degrada t ive  react ions.  
This is in s t rong cont ras t  to the  effect of u.v. alone. 

�9 b 

0'5 / •  Glass 

~ z  z 
0 S lO 

X 2  

Fig. 5. A m o u n t  of free phospha te  l ibera ted  by i r rad ia t ion  under  
different conditions from thymonueleic acid, plotted against 
square of time. The unit of time is that which corresponds to the 
decomposition of 0'167% of 0-01 M-hydrogen peroxide; or in the case 
of the X-irradiation to 104 R. The X-ray data are from J. WEISS and 
M. E. SCHOLES, Exp. Cell. Res. Suppl. 2,219 (1952). [J. A. V. BUTLER 

and B. E. CONWAY, Proc. Roy. Soc. IB] 141, 562 (1953).] 

(3) After-effects o/ irradiation o~ D N A . -  I might  refer 
here to the  after-effects of i r r ad ia t ing  DNA.  As 
ment ioned  above,  u.v. i r r ad ia t ion  causes some af ter-  
effect on the  viscosi ty  in the  absence of oxygen.  I t  is 
much more marked  in presence of oxygen.  In  the  
presence of hydrogen  peroxide  the  loss of viscosi ty  
in i t i a t ed  b y  u.v. l ight cont inues in the  da rk  unti l  it  is 
p rac t ica l ly  comple te  (Fig. 6). I t  is difficult  to dis t in-  
guish a genuine "af te r -ef fec t"  from the s low-cont inued 
act ion of hydrogen  peroxide,  because a l though the 
peroxide  does not  act on pur i f ied DNA, i t  is ac t iva t ed  
by  and  can then  degrade D N A  which has been damaged  
b y  X- rays  1 and the same might  possibly be t rue of u.v. 
I t  is also possible tha t  D N A  which has been i r rad ia ted  

. . . .  ] primary effect; 

0 , O -  

~ x  ""--.m... ~ _ i I [ I I [ r I I x 
0 4 8 12 16 20 

t ime (h) 

Fig. 6.-"After-effects" of irradiation of thymonucleic acid with 
hydrogen peroxide in quartz tube. -O- Effect of hydrogen peroxide 
(5 x 10-aM). --X- Effect of ultra-violet (0.5 rain) in same solution. 
[J. A. V. BUTLER and B. E. CONWAY, Prec. Roy. Soc. [B] 141, 562 

(1953).] 

l This may not take place in the course of the enzymic decomposi- 
tion of H20 ~ by catalase. It is possibly due to imparities in the ca- 
talase. 
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by  u.v. can initiate a radical decomposition of H202 
which continues in the dark. However,  the question of 
whether HzO 2 can act on DNA in the dark is largely an 
academic one, as tissues contain substances, e.g. 
ascorbic acid andcysteine,  whichare  capable of activat-  
ing H2021. 

In  view of the fact tha t  catalase is sometimes added 
to remove H202 in experiments with viruses it might  
also be noted tha t  the addit ion of catalase to remove 
hydrogen peroxide does not  diminish the amount  of 
phosphate liberated e.g. a solution of adenosine 5-phos- 
phate,  which, after i l lumination in the presence of 
H~O2 contained 3.9 y per ml of free phosphate,  on 
standing for  24 h with catalase (which reduced the 
concentrations of H20 ~ to zero), had 5-4 7 ;  but  wi thout  
catalase, 4.9 y of free phosphate.  This is probably due 
to the formation of small amounts  of radicals in the 
reaction between H20 2 and catalase 2. Even  without  
any  illumination, catalase-H202 releases a significant 
amount  of phosphate  from adenosine-5-phosphate. 

I must  also ment ion  the possibility, discussed by  
WEISS and SCHOLES 3, tha t  phosphate is "labilized" 
by OH radicals owing to the oxidation of the O 4 carbon 
of the ribose, the keto-phosphate  so formed being 
unstable and slowly hydrolysed by  water. That  such 
an effect probably occurs to some extent  is shown by  
the following experiment with adenosine (ribose) 
5-phosphate. 1 h t rea tment  at 70 ~ with 0.5 N H2SO 4 
hydrolyses very little phosphate from the unirradiated 
adenosine 5-phosphate (Table) but  an appreciably 
greater amount  after t rea tment  with H202 + u.v. 

I t  can be seen tha t  the amount  of "labile" phosphate  
formed is of the same magni tude  as tha t  l iberated 
during the irradiation 4. 

Table-Liberation of phosphate from adenosine 5-phosphate 

1. Adenosine 5-phosphate 
2. Same after 1 h u.v. + g202 
3. Same after standing 24h . . 

Free PO 4 Free PO 4 (After 
(initial) y 1 h hydrolysis 

per ml with 0"5 NH2SO4) 
y per m 

0.26 0.34 
3.3 6.8 
4.4 6.5 

(4) Formation o~ peroxides by u.v.-light. There is also 
the related subject of peroxides produced by  the action 
of u.v. on broth,  etc., by  which, as WYsS and STONE 

1 B. E. CONWAY, Bri t .  J .  Radiol .  27, 42 (1954); Na tu re  173, 579 
(1954). 

2 /3. E. CoNwAY and J. A. V. BUTLER, J. Chem. Soe. 1952, 834. 
3 j. WEiss and M. E. SCHOLES, Exp. cell Research, suppl. 2, 219 

(195~); Nature 171, 920 (1953). 
4 For further experiments see J. Wmss and M. E. SCHOLES, Exp. 

cell Research, suppl. 2, 219 (1952); Nature 171, 920 (1953), and 
J.  A. V. BUTLER and P. SIMSON, Liege, Symp. on Radiobiology, 
1955 t 46, 

have shown 1, mutat ions  are produced, as easily as by  
direct exposure to u.v. These peroxides can be formed:  

(a) by  the action of H~02, formed as described above, 
on organic compounds,  

(b) by  the direct action of oxygen atoms on organic 
compounds,  

(c) by  the reaction of the act ivated compound on 

molecular oxygen, e.g. R + / ~ ;  R + 02 + R02. 
Such peroxidic substances will behave similarly to 

hydrogen peroxide; they  can produce OH radicals by  
spontaneous decomposition and by  reacting with activ- 
ating substances such as cysteine; radicals are also 
produced to some extent,  probably,  in the action of 
peroxidases. Peroxides like buty l  hydroperoxide in 
presence of Fe ++ easily cause radical degradat ion of 
DNA 2. 

(5) Action o~ other absorbing molecules, e.g. dyes. This 
is a very  large subject which has been very  little 
explored. Dyes like methylene blue, when act ivated 
by  light, can dehydrogenate  the prosthetic groups of 
enzymes, and as result cause marked interference with 
metabolic processes. More deep seated changes may  
also be brought  about  e.g. in the presence of 03, H20 2 
may  be formed, which may  react on genetic elements 
in the ways I have discussed above. The photodegrada-  
tion of DNA by  illumination in presence of dyes and 
carcinogen substances has been reported a. In  general 
a large amount  of i l lumination is required. In  our own 
experiments it was found to be difficult t o  get consist- 
ent results owing to denaturat ion effects, but: in some 
cases at least oxygen has acted as an inhibitor of de- 
gradat ion process, so tha t  the pr imary action did not  
appear  to be the act ivat ion of molecular oxygen. 

J'~:'::.?'::.~'..::::'!::'.."~:.".'~l ' , ' , I:..;::.";.;:;:?";::.:.-"#".::.-".,t 
I I [ I I 

I I I I I I 

l'.!.:':!,":'.~.:.';:~::'.".!'-:-":.:"...I ',', I ~,:.~!.::-;"~:~F:,~:~ 
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D N A  I J I ~ H I S T O N E  

Fig. 7.-A possible structure of chromosomes: DNA particles joined 
by histone links. 

Biological Consequences.-We can now ask, to what  
extent can these chemical actions, produced by  u.v. and 
other radiations, be used to explain the biological effects 
e.g. chromosome breaks ? The Watson  and Crick model4 
provided a possible explanation of how the duplication 

1 W. S. STONE, O. WYSN, and  F. HAAS, Proc. Nat.  Acad. Sci. 33, 
59 (1947). 

J .  A. V. BUTLER and  K. A. SMITH, Na tu re  165, 847 (1950). 
a G. OSTER and  A. D. MCLAREN, J.  Gen. Physiol .  83, 215 (1950). - 

H. t{OFFLER and I. L. MARKEDT, Proc. Soc. Exp. Biol. Med. 76, 90 
(1951). 

4 j .  D. WATSON and F. H.  C. CRICK, Na tu re  171, 737,964 (1953). 
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of a DNA fibre with its bases in a specific order can 
occur. One half of the double fibre is exactly comple- 
menta ry  to the other half, so tha t  each half can act as 
a template for the other. I t  is obvious tha t  if one base 
is damaged by  loss of - N H  2 or - O H ,  or more drastic 
ways, the reproduction of the fibre at this point could 
not occur and this would result in a break in the newly 
synthesized fibre. We have seen tha t  hydrogen and 
other peroxides, both with and without  u.v. illumina- 
tion, can bring about  such reactions and also cause 
complete breaks in the nucleotide chain. 

There is little evidence that  u.v., in the absence of 
oxygen or peroxides, can bring about  such effects, at 
least on a detectable scale, al though it m a y  cause a 
kind of denaturat ion of the DNA as the result of 
breakage of hydrogen bonds. I t  is, as I pointed out, 
difficult to see how the mere breakage of hydrogen 
bonds between the two halves of the double fibre could 
produce permanent  effects. However,  what  happens to 
nucleic acid cannot  be the whole story, as there are also 
peptides and proteins which are formed by  processes 
at present unknown. The DNA present in the cell as 
a complex with basic proteins-ei ther protamines or 
histones, which may  have equally impor tant  functions. 
I t  must  also be remembered that  the chromosome is a 
much larger ent i ty  than the nucleic acid particle and 
chromosome breaks are a phenomenon belonging to a 
much larger order of magnitude than the separate DNA 
particles. In  the rat chromosome there are approxi- 
mate ly  10 5 DNA particles. If  we identify these particles 
with the genes, they must, according to the results of 
genetics, be combined in a linear order. How can this 
occur ? I t  is possible, of course, tha t  the DNA particles 
are united directly with each other;  but  t h e y  un- 
doubtedly  come apart  quite easily in the presence of 
2 M salt, and are then found to be present in solution as 
distinct particles. If  I am permit ted to speculate a 
little, one possibility is tha t  they  are joined by histone 
links. We have found 1 tha t  in beef thymus  nucleo- 
protein there are at least two distinct histones, which 
are distinguishable electrophoretically and have dif- 
ferent compositions. One contains a larger proport ion 
of lysine in place of the usual arginine as the principal 
basic amino-acid. I t  is possible tha t  one of these histo- 
nes provides longitudinal links between the DNA 
particles while the other provides lateral links either 
within a single particle determine the way  in which 
the fibre is folded; or between parallel f ib res (see  

1 p. F. DAVlSON, D. W. F. JAMES, K. V. SHOOTER, and J. A. V. 
BUTLER, Biochim. Biophys. Acta 1954. 

Fig. 7)1. The junctions of the nucleic acid with histone, 
being probably  made by  a "salt-l ike" bond, will prob- 
ably represent weak points at which breakage more 
easily occurs. 

I t  is thus possible for the excitation, produced by  the 
u.v. light absorbed in the nueleotide thread, to be 
t ransmit ted down the column of parallel nucleotide 
plates, until  it produces strong vibrations at the end 
which are able to break the bond which unites the DNA 
to the histone. The continui ty of the chromosome 
would thus be broken. However, as I said above, the 
bioIogical properties may  depend on a higher degree 
of complexi ty than that  carried by a single nucleic acid 
fibre. The act ivi ty of the transforming principle is 
great ly  reduced by  quantities of u.v. which have no 
effect on the viscosity of DNA ~, u.v. therefore causes 
damage which is not  immediately apparent  in the 
viscosity, al though as we have seen it m a y  become so 
on heating. 

I have discussed briefly the kinds of chemical effects 
which may  be expected to occur when u.v. light acts 
on living cells, and part icularly on the chromosomes. 
I t  will be evident tha t  much remains to be done before 
the circumstances in which the photochemical  reactions 
occur are clearly defined. Still less is known about  the 
biological consequences of chemical changes and it is 
probable tha t  the most  urgent task at the present time 
is the s tudy  of ways of distinguishing and defining the 
different kinds of radiation damage. 

I am indebted to Mr. F. S. FEATES and Mr. JOHNS for assistance in 
the experiments quoted. 

Rdsumd 

L'auteur  a examin6 les cons6quences chimiques de 
l 'absorption de radiations ultra-violettes par les subs- 
tances pr6sentes dans les cellules vivantes (en particulier 
l'acide d6soxyribonucl6ique). 

Les effets observ6s sont dus: 1 ~ ~ l 'absorption directe 
des radiations; 2 ~ A une action directe - ou activ6e 
photodynamiquement  - sur l 'oxyg~ne pr6sent. Les 
cons6quences de cette derni~re sont tr~s semblables 
celles produites par Ies rayons X. 

En ce qui concerne l 'absorption directe des radiations 
U.V., il se pourrait que la rupture des chromosomes suit 
due A celle des liens existant entre les chaines de DNA 
et l'histone. 

1 It has since been found that different DNA fractions are as- 
sociated with the different histones [J. Lucy and J. A. V. BUTLER, 
Biochim. Biophys. Acta 16, 431 (1955)]. The general picture of 
DNA-histone interactions given here remains possible. 

2 S. ZAMENHOF, H. E. ALEXANDER, and G. LEIDY, J. Exp. Med. 
98, 373 (1953). 
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New Investigations on Enzymatic Glycolysis and Phosphorylation 
By OTTO MEYE~HO~ 1, Philadelphia, Pa. 

The achievements of the last decades in the fields of 
enzymology,  intermediary metabolism, hormones,  and 
vitamins are so overwhelming that one could be tempt- 
ed to quote the ironic lines of GOETHE, spoken by the 
famulus Wagner in Faust II,  as a serious interpretation 
of these endeavours: 

Was man an der Natur Geheimnisvolles pries, 
Das wagen wir verstgndig zu probieren, 
Und was sic einst organisieren liel3, 
Das lassen wir kristallisieren =. 

x Department of Physiologioal Chemistry, School of Medicine, 
University of Pennsylvania. 

2 G O E T H E ' S  ~ggUSt I I :  
The mystery which for man in Nature lies 
We dare to test, by knowledge led, 
And that which she was wont to organize 
We crystallize instead. 

However,  simultaneously with this progress, with 
the elucidation of the self-sustaining cycles of inter- 
mediary enzymatic reactions, and with the purification 
and crystallization of many enzymes, hormones, vita- 
mins, and viruses, much self-restraint and sobriety has 
returned. The biochemists and physiologists now re- 
pudiate the materialistic fantasies and boastings of 
their predecessors. In our view the organization of the 
cell, the living unity itself can not be explained by 
purely physical and chemical methods. We restrict 
ourselves, therefore, to the study of the physical and 
chemical reactions of these organized, self-perpetuating 
living units. 

About 1900 BUCHNER was successful in separating 
from the living yeast cell the enzymatic system which 
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converts sugar to alcohol and CO v The same separation 
was accomplished in 1926 for the glycolytic enzyme 
system of muscle 1. Here glycogen is split into two mols 
of lactic acid per unit of hexose. Later on the same 
system was brought into solution from many other 
cells or organs, from brain, chicken embryo, malignant 
tumors, erythrocytes, and different kinds of bacteria. 

The oxidative system is less easily brought into solu- 
tion, some of its enzymatic components strongly ad- 
hering to structural e l emen t s -bu t  many  enzymes re- 
sponsible for individual oxidative steps of sugar meta- 
bolism were also obtained in extracts. 

Besides the insolubility of some components of the 
oxidative system (cytochromes a and b and cytochrome 
oxidase) it differs also in another sense from the glyco- 
lytic system, viz: there seems to be no common path- 
way of sugar oxidation in all cells and tissues, although 
the so-called tricarboxylic acid cycle of KREBS is pre- 
valent in many  of them ~. We restrict our discussion 
in the following to the anaerobic breakdown, to glyco- 
lysis in the stricter sense of this term. Here the path- 
way is uniform. 

Even if the end products of various forms of sugar 
fermentation are different, and consist instead of lactic 
acid as in animal tissue, of alcohol and CO 2 as in yeast, 
of H 2, acetic acid, lactic acid and CO,, in coti bacteria, 
or of propionic or butyric acid as in propionic or 
butyric acid bacteria, all the steps leading from sugar 
to pyruvate  are none the less identical, and only the 
fate of the pyruvate  differs. Moreover, if the pyruvate  
remains as an end product, glycerol is formed simul- 
taneously as a reduction product a. In the case of 
glycolysis of animal tissues (and also in lactic acid 
bacteria) the pyruvate  reaction is a single reduction 
step: 

CH a �9 CO �9 COOH ~ H~ --~ CH 3 �9 CHOH" COOH 
(pyruvic acid) (lactic acid) 

Furthermore, the steps leading from sugar to pyruvic 
acid are also the initial steps of the prevalent form of 
sugar oxidation. (The oxidation of sugar to hexonic 
acids or of phosphohexoses to phosphohexonic acid is 
apparently of minor biological importance.) Since 
pyruvic acid can also be reversibly aminated, forming 
alanine, and also plays a role in the turnover of fat, it 
occupies a central position in intermediary cell meta- 
bolism. 

I shall discuss the subiect under three headings: 

I. The scheme of intermediaries of glycolysis. 
II.  The phosphorylating mechanisms. 

l I I .  The isolated enzymes. 

Our attention will be devoted mainly to the progress 
in the last eight years, before the Nazi regime in 

1 0 .  MEYERHOF, Naturwiss. 14, 1175 (1996). 
2 H. A. I~REBS, Advances in Enzymology 3, 191 (1943). 
3 C. NEUBERG and E. REINVURTH, Bioehem. Z. 92, 234 (1918). 

Germany and the second World War disrupted inter- 
national science and scientific intercourse 1. 

I. The Scheme o~ Intermediaries o/ Glycolysis 

This scheme was fully developed between 1932-1939 
and has undergone no further change since. All inter- 
mediaries from glucose-l-phosphate to phosphopyruvic 
acid are phosphorylated compounds. Most of them are 
true phosphoric acid esters, formed by  condensation 
of an alcoholic (OH) group with the third valency H 
of phosphoric acid; some of them have the phosphate 
group linked to a carboxyl or carbonyl group. During 
the years of the development of this scheme some in- 
vestigators and critics obstinately clung to the idea 
that  this scheme was not ubiquitous, but tha t  some 
organs were able to glycolyze in a different way by  a 
so-called non-phosphorylating glycolysis. Even now the 
ghost of this non-phosphorylating glycolysis is still 
haunting some biochemical laboratories and the desks 
of some scientific writers. Actually, it never existed. I t  
could be refuted in every instance where an experi- 
mental approach was feasible. Mostly the arguments 
in favor of it were fallacies in themselves: in many  
enzymatic systems, separated from the cell, the re- 
activity of glucose and hexosediphosphate (HDP) is 
altered. Often hexosediphosphate reacts with a much 
lower speed than sugar or not at all. This was used as 
an argument against this diphosphate as a common 
thoroughfare of sugar breakdown. But because of the 
transphosphorylation mechanism, which will be dis- 
cussed in the next section, the speed of the global 
reaction can be much higher than the isolated single 
reaction steps; hexosediphosphate decomposes in such 
a system in the presence of free sugar much faster than 
in the absence of it s. The opposite can also be observed; 
viz. : that  hexosediphosphate forms lactic acid under 
conditions where free sugar does not. Here the very 
sensitive enzyme which phosphorylates sugar (hexo- 
kinase) is destroyed by the extracting procedure. 

There is also a positive argument:  methyl  glyoxal 
(CH a .CO.COH) is transformed in the presence of 
glutathione to lactic acid by a very widespread en- 
zyme 3. But methyl  glyoxal itself, contrary to earlier 
assumptions, is not a physiological intermediary prod- 
uct of sugar breakdown. I t  arises from triosephos- 
phate by a non-enzymatic decomposition 4. In the 
living cell this reaction surely plays a subordinate role, 
if a role at all. 

Several hexosemonophosphates other  than those 
given in the scheme are synthesized and metabolized 
by the living cell. Mannose-6-phosphate is formed from 

1 Former reviews: O. MEYERHOF, Erg. Physiol..39, 10 (1937). - 
J. K. PARNAS, Erg. Enzymforsehung 6, 57 (1937). 

O. MEYERHOF, W. KI~SSLING, and W. SCHULZ, Biochem. Z. 
292, 25 (1937). 

a K. LOHMANN, Biochem. Z. 254, 332 (1932); 262, 152 (1933). 
4 0 .  MEYERHOV and K. LOHMANN, Biochem. Z. 271, 89 (.1934). 
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Scheme 

Two changes are introduced into the scheme as given in my publications of 1941 and 19421. 1,3-diphosphoglyceraidehyde, supposed 
to be an intermediary by O. ,~VARBURG and W. CHRISTIAN 2, is left out, because no such substance is formed 3. The reaction between 
phosphopyruvie acid and pyruvic acid + phosphate, which was supposed to be irreversiblO, was proved to be reversible 5 like all the other 

intermediary steps and is now designated by a double arrow. 

glycogen, starch D-glucose 

glucose-l-phosphate (CoRI ester) ~ _ ~  glucose-6-phosphate (RoBISON ester) 

dioxyacetone phosphate 

Ha !* CH2OH" C : O. CH 2 �9 O. OP3Ha 
• 

L-o~-glycerophosphate 
CHaOH. CHOH. CH2. O. PO3Ha 

glycerol + HaPO 4 

acetaldehyde + CO a 

ethyl alcohol 

f r u c t o s e - 6 - p h o s p h a t e  (NEUBERG ester) 

i H3PO, [l 

fructose-i, 6-diphosphate (HARDEN-YouNG ester) 

2F 
(d) 3-glyceraldehydephosphate (FlSCHER-BAER ester) 

* CHO. C H O H . C H  2. O, POsH~ 
H HaPO, H H2 

(d) 1, 3-diphosphoglyceric acid 

H H3PO, L i C O ' O ' P O a H z ' C H O H ' C H , ' O ' P O 3 H ,  

(d) 3-phosphoglyceric acid 

i COOH. CHOH. CH 2. O. POaH a 

t | 
(d) 2-phosphoglyceric acid 

H HaO !* CH~OH-CH(OPOaHa)COOH 

l 

(enol)-phosphopyruvic acid 
L [ CH2: C(OPO3H2)COOH 

pyruvic acid + H3PO 4 

H H2 

lactic acid 

mannose as glucose- and fructose-phosphates from the 
respective sugars 6. Galactose-l-phosphate 7, the ana- 
logue of glucose-l-phosphate,  is formed in the liver 
during the assimilation of galactose and is probably also 
an intermediary in yeast  if the latter is adapted to the 
fermentation of galactose. Fructose-l-phosphate,  an- 

1 O. MEYERHOF, Biol. Symposia 5, 1,13 (1941); Sylnposiunl on 
Respiratory Enzymes (Univ. of Wisconsin Press, Madison, 194'2), p. 3. 

2 0 .  WARBURG and W. CHRISTIAN, Biochem. Z. 301, 2'21 (1939); 
;t0;I, 40 (1939). 

3 0 .  MEYERIIOF arid P. OESPEa, J. Biol. Chem. 170, 1 (1947). 
4 0 .  MEYERHOF, P. OHLMEYER, W. GENTNER, and M. MEIER- 

LEIBNITZ, Biochem. Z. 298, 396 (1938). 
5 H. A. LARDY and J. A. ZIEGLER, J. Biol. Chem. 159, 343 (1945). 

- O. MEYERHOF and P. OESPER, Federation Proc. 7, 174 (1948). 
6 C. M. JEPHCOTT and R. RoBiso~r, Biochem. J. 28, 1844 (1934). 
7 H. W. KOSTERLITZ, Bioehem. J. 37, 319 (1943). 

other analogue of glucose-l-phosphate,  was first ob- 
tained by splitting off one phosphate group from 
hexosediphosphate 1. I t  was also obtained by enzymatic 
synthesis from d-glyceraldehyde and dioxyacetone- 
phosphate. The enzyme responsible for this synthesis 
was called aldolase, because this is an aIdol-condensa- 
tion; moreover, the exact chemical nature of the re- 
versible splitting and synthesis of hexosediphosphate 
to and from triosephosphates was proved in this way ~. 
Quite recently it was shown that  fructose-l-phosphate 
may be formed by enzymatic  phosphorylation of fruc- 
tose by means of ATP 3. 

t B. TANKO and R" ROBISON, Biochem. J. 29, 961 (1935). 
20.  MEYERHOF, K. LOHMAN~, and P. SCHUSTER, Biochem. Z. 

286, 301 (1936) . . . . . .  
3 G. T. CoR1 and M. W. SLEIN, Federation Proc. 6, '246 (1947). 
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The last compound discovered in the scheme, 1, 3- 
diphosphoglyceric acid (or phosphoglycerylphosphate) 
was found by NEGELEIN and BRSMEL in !9391. A 
similar compound, acetylphosphate, 

CH3CO 
[ 

OHzPO3 

where the phosphate is likewise bound to a carboxyl 
group, was discovered by LIPMANN in 1940 ~. It  is 
formed by lactic acid bacteria in the oxidation of 
pyruvate and was synthesized in the laboratory. 
Similar acylphosphates are probably also formed 
from fat ty  acids and may play a role in the oxidation 
ot fat". 

II. Phosphorylating mechanisms 

The special meaning of the phosphorylation of the 
intermediaries is revealed by their interaction with the 
coenzyme systems. The coferment of fermentation, 
discovered by HARDSN in 1900, consists actually of 
three different coenzymes (besides inorganic ions like 
Mg++) : 

(1) the hydrogen transferring cozymase, chemically, 
diphosphopyridinenucleotide (DPN) ; 

(2) the phosphorylating coenzyme or adenylic system 
containing the three stages adenosintriphosphate (or 
adenylpyrophosphate or ATP), adenosindiphosphate 
(ADP)I and adenylic acid (or adenosinmonoph0sphate 
or AA) ; 

(3) the cocarboxylase, diphosphothiamine. 
We will concern ourselves mainly with the second 
system. Phosphate is taken up or received from the 
intermediaries by transphosphorylation with the 
adenylic system. With the help of radioactive inorganic 
phosphate it was shown definitely that this phosphate 
transfer occurred without intermediary liberation of 
inorganic phosphatO. Phosphorylation of glucose, 
therefore, in the presence of the specific enzyme "hexo- 
kinase", goes on according to the equation: 

glucose + ATP -+ glucose-6-phosphate + ADP 

Dephosphorylation of phosphopyruvic acid, accord- 
ingly, obeys the equation: 

phosphopyruvic acid + ADP --> pyruvate + ATP 

Taking both equations together we have the phosphate 
transfer: ATP 

phosphopyruvate + glucose ----~ pyruvate + 
glucose-6-phosphate. 

This transfer in the stationary state of glycolysis there- 
fore goes on with minute amounts of ATP, which acts 

1 0 .  WARBURG and W. CHRISTIAN, Biochem. Z. 301, '2'21 (1939); 
303, 40 (1939). 

2 F. LIPMANN, J. Biol. Chem. 13,l, 463 (1940). 
8 A. LEHNINGER, J. Biol. Chem. 161, 43'2 (1945); 162, 333 (1946). 

- H. J. KOEPSELL, M. J. JOHNSON, and J. S. MEEK, J. Biol. Chem. 
154, 535 (1944). 

4 0 .  MEYERHOF, P. OHLMEYER, W. GENTNER, and M. MEIER- 
LEIBNITZ, Biochem. Z. 298, 396 (1938). 

as a true catalyst in the presence of a specific trans- 
phosphorylase. 

The phosphate bond in the adenylic system is 
"energy rich"; this fact is of primary importance. 
With the splitting of ordinary ester-phosphate link- 
ages, 1,200 to 1,500 cal heat per tool are liberated; 
with the splitting of each single P group of the labile 
phosphate of ATP, 12,000 cal are liberated 1. The 
free energy change is similar. In the phosphorylation 
process of glycolysis, phosphate is first taken up in an 
"energy poor"  bond of the hexosephosphate, and by 
the transformation of the molecule, especially with the 
help of the oxidative step, it is changed into an energy 
rich bond. This high energy phosphate is transferred 
as such to the adenylic system and eventually to other 
substrates, which preserve the energy rich bond. The 
phosphorylating mechanism, therefore, serves for the 
generation and storage of energy rich phosphate bonds. 
How does the oxidative step of glycolysis generate 
such a bond? Glyceraldehyde-3-phosphate by itself 
does not react with inorganic phosphate. But if both 
are brought together with the purified oxidizing en- 
zyme of O. WARBURC and DPN, a reaction takes place 
in which DPN is reduced and 1, 3-diphosphoglyceric 
acid originatesL Apparently a loose addition product 
forms between glyceraldehyde-phosphate and phos- 
phate off the surface of the enzyme with the ex- 
penditure of an exceedingly small amount of energy 3. 
But when by reaction with DPN the carbonyl group 
is oxidized to the carboxyl group the acylphosphate 
now has a bond with the free energy of nearly 1.5,000 
cal. Thus the energy of oxidation of the aldehyde to 
carboxyl is captured in this phosphate group. By 
transphosphorylation with the adenylic system it is 
stored in ATP: 

1,3-diphosphoglyceric + ADP ~- 3-phosphoglyceric + 
ATP. 

In consequence of the internal rearrangement of 3- 
phosphoglyceric acid by way of 2-phosphoglyceric acid 
to enol-phosphopyruvate, a second energy-rich phos- 
phate bond is created (enol-phosphate), which likewise 
transphosphorylates with ATP 4. 

The free energy (AF), as distinct from the total 
energy or heat (AH), amounts to 11,000 cal for each 
of the labile P groups of ATP 5. This available store of 
phosphate bond energy can be used either for bio- 
chemical synthesis or for the transformation into 
mechanical or electrical energy. Indeed; the new work 
of SZENT-GYORGYI gives us every reason to believe 
that ATP reacts directly with the contractile protein 

1 0 .  MEYERHOI ~" and K. LOHMANN, Bioehem. Z. Z53, 431 (193'2). 
2 0 .  WARBURG and W. CHRISTIAN, Biochem. Z, 301, '2'21 (1939); 

303, 40 (1939). 
3 O. MEYERHOF and P. OESPER, J. Biol. Chem. 170, 1 (1947). 
4 j .  t~. PARNAS, P. OSTERN, and T. MANN, Biochem. Z. Z72, 64 

(1934). 
5 0 .  MEYERHOF, Ann. New York Acad. Sci. 45, 9, 377 (1944). - 

F. LIPMANN, Advances in Enzymology 1, 99 (1941). 
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O- O 

C ~--~ C 

R O R O- 

of muscle (" actomyosin 'i) and causes such modifica- 
tions in its physical structure that it can contract or 
relax, depending on slight changes in concentration of 
K + and Mg + ~ ions x. 

There exists another large store of high phosphate 
bond energy in those organs and cells which need this 
energy for transformation (by way of ATP) into 
mechanical or electrical energy. These cells are : volunt- 
ary muscle, heart, spermatozoa, the electric organs of 
electric fishes, and the central nervous system. All 
these cells and tissues are rich in phosphocreatine 
(vertebrates) or phosphoarginine (invertebrates). The 
phosphate bond energy is stored in these compounds 
without loss by means of the reversible reaction: 

ATP + 2 creatine ~_-~ AA + 2 phosphocreatine. 

The same reaction applies to phosphoarginine. 

The phosphate bond energy of ATP can also be used 
for endothermic (and endergonic") syntheses, i.e., syn- 
theses which need an outside source of free energy in 
order to occur. Especially interesting in this respect is 
the finding of VOGLER and UMBREIT that the energy 
of an inorganic chemical reaction, the oxidation of 
sulfur, serving as a source of energy for autotrophic 
Thiobacteria, Thiobacillus thio-oxidans, can be stored 
in the energy rich phosphate bond of ATP and used 
afterwards for the reduction of CO 23, Less substanti- 
ated seems the hypothesis that a similar mechanism 
may be involved in the CO2 assimilation of the green 
plants. 

The question may be asked: what are the charac- 
teristics of an energy rich phosphate bond as distin- 
guished from an ordinary ester bond ? All the energy 
rich phosphates, s~mk as acylphosphates, guanidino- 
phosphates, enolphosphates, and pyrophosphates are 
formed with organic groups of high resonance. The 
resonance in such groups as carboxyl or guanidyl or 
enol (in equilibrium with keto) is produced by the 
oscillation of two valency electrons (or a hydrogen 
atom) between two otherwise identical configurations: 

NH2+ NH~ 
/2 

C 

HN 

R 

CH2 
iF 
COH ~-~ 
h 
R 

N H 2  

CH3 
I 

C~O 

R 

/ 
/ 

HN N H 2 +  
I 

R 

Moreover, because the phosphate molecule exhibits 
resonance between its different hydroxyl groups, the 

1 A. SZENT-GY6RGYI, Muscular Contrac t ion  (Acad. Press, New 
York, 1947). 

2 C. D. CORYELL, Science 92, 380 (1940). 
3 K.G. VOGI.ER and W. UMBREIT, J. Gen. Physiol.  26, 157 (1942). 

bridge of the ester linkage - O -  or - N  - is influenced 
b y "  opposing resonance" of the organic group and the 
phosphate groupL This makes such a structure un- 
stable : 

X' O 
jl i 
I ' '  ".  

R--Y- -X- -P  OH 
1 "" ( X i s O o r N )  

:O: 
H 

I t  leads to a great liberation of free energy when it is 
hydrolyzed to 

X' 
II H ~ _ v _ ~  

O 

and H(;--P--OH ~ 
"" I "" 

:O: 
H 

If no endothermic syntheses occur, as for instance 
in the enzymatic extract of yeast, the labile phosphate 
of ATP, regenerated by the two steps of glycolysis 
already mentioned (the acylphosphate in 1,3-phospho- 
glyceric acid and the enolphosphate of phosphopyruv- 
ate) is transferred to new hexose molecules by the re- 
actions : 

hexose q- ATP -~ hexosemonophosphate + ADP 

hexosemonophosphate + ATP---> hexose- 
diphosphate + ADP 

Every mol of HDP formed in this way gives rise to 
2 tools of triosephosphate, each of which again produces 
2 energy rich phosphate bonds, or together four. On 
the other hand, only two are needed to form hexose- 
diphosphate. This leads to the autocatalytic increase 
of hexosediphosphate, or "HARDEN-YOUNG ester", in 
yeast extract, a reaction which was originally dis- 
covered (although misinterpreted) by HARDEN and 
YOUNG in 1905. In the living cell a very active ATP-ase 
counteracts this increase by decomposing the excess 
of ATP. But this enzyme is strongly bound to the 
structural elements of the cell and only present in 
traces in the enzymatic extracts 3, 4. In the living cell 
phosphorylation and dephosphorylation are kept in 
step by the ATP-ase. 

Another group-transferring enzymatic mechanism 
may be briefly described: the "transglucosidation", 
which is also involved in the remarkable reversible 
phosphorolysis of glycogen. CORI 5, who had discovered 
the splitting of glycogen to glucose-l-phosphate, show- 
ed later on that the reversal of this reaction (observed 
by KIESSLING 6 as well as by the school of CORI) does 
not start with completely pure (or crystallized) en- 

1 M. I~ALCKAR, Chem. Rev.  28, 72 (1941). 
2 F o r  o rgan ic  p y r o p h o s p h a t e  a s imilar  reasoning  applies. 
3 0 .  MEYERHOF, J .  Biol. Chem. 157, 105 (1945). 
4 This  is the  or ig in  of the  s o m e w h a t  puzzl ing " HARDEN-YOUNG 

e q u a t i o n " ,  s t a t i ng  t h a t  for  the f e rmen ta t i on  of one tool of hexose a 
second tool of hexose  is esterif ied to hexosediphospha te .  

5 C. F. CoRt, G. T,  CORI, a n d  S. P. COLOWlCK, J .  Biol. Chem. 121, 
465 (19a7). 

e W. KtESSLING, Naturwiss .  27, 129 (1989). 
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zyme, from the side of glucose-i-phosphate, unless 
some glycogen or soluble starch is already present as 
a "pr imer" .  The reaction, therefore, must be formul- 
ated 1 : 

glucose-i-phosphate + glucosidic linkage ~ glucose- 
glucosidic linkage + phosphate 

Because adenylic acid is a necessary part of this en- 
zymatic mechanism (either firmly bound to the protein 
or as a dissociable coenzyme 2) the uptake of phosphate 
occurs probably by way of intermediate phosphoryl- 
ation of adenylic acid. On the other hand the main 
reaction here is not a transphosphorylation but  a 
"transglucosidation". This was recently proved by a 
group of California workers 3. E.g., in Pseudomonas 
sacharophila, an enzyme exists which catalyzes the 
reaction : 

glucose-l-phosphate + fructose--> glucosefructoside 
(sucrose) + phosphate. 

Different ketoses and also aldopentoses can replace 
fructose, while a glucose-l-linkage (carbonyl bond) is 
always needed to synthesize a disaccharide. That the 
glucose unit is transferred in these cases, is neatly 
demonstrated when the phosphorylase is added to a 
solution of glucose-l-phosphate in the presence of in- 
organic phosphate, which contains radioactive P, but 
in the absence of any other sugar, which could act as 
"acceptor" .  Then a free exchange of radioactive P 
takes place between inorganic phosphate and glucose- 
1-phosphate without any glucose appearing. The re- 
action is~: 

glucose-l-phosphate + enzyme-> glucose- 
-enzyme + phosphate. 

The glucose-enzyme compound retains the free energy 
of about 2,000 cal of the carbonyl phosphate and can 
use it, if a ketose is added to it, for the formation of a 
disaccharide. Such a transglucosidation, moreover, can 
take place in the absence of bound and free phosphate, 
when a mixture of glucose-l-fructose (sucrose) and a 
second ketose is present. Here, reversible exchange re- 
actions of the following type occur: 

glucose-l-fructoside + sorbose ~_ glucose-1- 
sorboside + fructose. 

Still another type of enzymatic phosphorolysis, very 
similar to those described, was recently discovered by 
KALCKAR s. Here ribose, the aldopentose which is a 
constituent of the nucleotides, takes the place of 
glucose in forming the carbonylphosphate, ribose-1- 
phosphate. This reaction may be formulated: 

1 C. F. CORI, G. T. CORI, and  A. A. GREEN, J.  Biol. Chem. 151, 
39 (1943); Federa t ion  Proc. 4, 234 (1945). 

2 G. T. CORI and  A. A. GREEN, J.  Biol .  Chem. 151, 31 (1943). - 
G. T. CORI and C, F. CORI, J.  Biol. Chem. 158, 3~1 (1945). 

3 M. DOI3DOROFF, J.  Biol. Chem. 151, 351 (1943). 
4 W. Z. HASSID, M. DOUDOROFF, and H. A. BAKER, Arch. Bio- 

chem. 14, 29 (1947). 
5 H. M. •ALCKAR, J.  B id .  Chem. 187, 477 (1947). 

ribose-l-purine + phosphate ~ ribose- ! .  : 
phosphate + purine. 

The purine may be hypoxanthine or guanine. This 
phosphorolysis, which replaces the glucosidic bond 
with the imidazol nitrogen, is probably an important 
step in the metabolism of the nucleic acids. 

III. Studies o/ individual enzymes 

From the host of intermediary reactions, which are 
connected either with the transformation of the inter- 
mediaries themselves or with their interaction with the 
various coenzymes, many pure enzymes were isolated, 
and in some cases crystallized. Of these purified en- 
zymes, I shall discuss three where especially interesting 
information was gained in the last years. 

A. Enolase 

It  was found in the Heidelberg laboratory (LOH- 
MANN and MEYERHOF, and KIESSLING 1) that enolphos- 
phopyruvate was formed from 2-phosphoglyceric acid 
by an enzyme called enolase. This enzyme was also re- 
sponsible for the inhibition of glycolysis by  NaF. Al- 
though many dephosphorylating enzymes are also 
sensitive to fluoride, they need much higher concentra- 
tions for the same inhibition. In consequence, phos- 
phoglyceric acid accumulates in glycolyzing enzyme 
extracts in the presence of NaF. By blocking the 
enolase, fluoride inhibition acts as a barrier behind 
which the last intermediary piles up because it cannot 
be further transformed. But this barrier remains tight 
only if enough inorganic phosphate is present; phos- 
phate is therefore also a component of the inhibiting 
system 2. This situation was further cleared up in 1941 
by WARBURG and CHRISTIAN 3. Enolase, obtained in 
pure form from the crystallized Hg salt, needed a 
bivalent cation for its action, preferentially Mg or Mn. 
If Mg is present (this must be regarded as the physio- 
logical cation of the reaction) and inorganic phosphate, 
a Mg--F-phosphate complex forms, which deprives the 
enzyme protein of its necessary Mg. This explains the 
fluoride inhibition. Probably the same explanation 
holds for the inhibition of ATP-ase by fluoride, since 
this enzyme likewise needs Mg. The fact that  Mg is a 
necessary coenzyme factor of glycolysis and ferment- 
ation was already discovered in 1931 by LOHMANN 4. 

B. Hexokinase 

Hexokinase, the enzyme necessary for initiating the 
turnover of glucose or fructose, was separated from 
yeast and partially purified in 1927 n. In 1935 it was 
demonstrated that this initiating reaction was the 

i K. LOHMANN and  O. MEYERHOF, Biochem. Z. 273, 60 (1934). - 
~ r  KIESSLING, Chem. Ber. 68, 597 (1935). 

2 O. MEYERHOF and W. SCHULZ, Biochem. Z. 297, 66 (1938). 
a O. WARBURG and W. CrIRISTIAN, Naturwiss .  29, 589 (1941). 
4 K. LOHMANN Biochem. Z. 237, 445 (1931). 

O. MEVERnOF, Bioehem -Z 183, 176 {1927). 
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phosphorylation of the hexoses by ATP 1. KALCKAR 
proved in 1942 that  the total reaction induced by 
hexokinase in a muscle extract: 

2 glucose + ATP = 2 glucose-6-phosphate -t- AA 
(adenylic acid) 

is the combined effect of two different enzymes 2. Pure 
hexokinase is able to catalyze only the reaction: 

glucose + ATP -- glucosemonophosphate + ADP 

A heat stable enzyme in muscle, called myokinase, 
completes the reaction by dismutating the ADP: 

2 ADP ~ ATP + AA. 

In this way ATP is formed anew and reacts again with 
a sugar molecule, if hexokinase is present, until practic- 
ally all is finally transformed into adenylic acid. 

Hexokinase was recently brought into the focus of 
interest on account of its specific sensitivity in the 
animal body. During the war the high sensitivity of 
this enzyme to vesicants, like mustard gas and similar 
substances, was discovered by English investigators 3. 
Since the blistering effect on the skin was exactly 
parallel to the inhibition of the hexokinase in the skin, 
they assumed this enzyme to be the locus of at tack 
of these poisons. Although this interpretation is not 
generally accepted, it stimulated the study of this en- 
zyme and led to its crystallization from yeast. 

The physiological importance of hexokinase was still 
more underscored by recent work in CORI'S laboratory 
on the insulin effect ~. The known antagonism in the 
living animal between the hyperglycemic principle in 
the anterior pituitary gland (HoussAY factor) and the 
adrenal cortical hormone on the one side and insulin 
on the other, can be duplicated with purified hexo- 
kinase from muscle. The activity of purified hexokinase 
of an alloxan diabetic rat  or from the normal rat  
treated with anterior pituitary hormone, is lower than 
from the controls and still more so if adrenal cortical 
extract is added to the hexokinase. This inhibition is 
relieved by insulin, which has no effect in the absence 
of the antagonists. This finding undoubtedly has an 
important bearing on the role of insulin in the normal 
and diabetic organism, even if this were not the only 
enzymatic mechanism influenced by insulin 5. 

Finally, the different reactivity of glucose and fruc- 
tose in biological systems is caused by  their affinity to 
hexokinase. Whether we have.to assume generally the 
presence of two hexokinases, glucokinase and fructo- 
kinase, is still not definitely known ~. Independently of 
this problem a puzzling discrepancy was observed be- 
tween glycolysis in the intact tissue,.in tissue slices, in 

1 0 .  MEYER~OF, Naturwiss .  23, 850 (1935). 
2 H.M. KALCKAR, J.  Biol. Chem. 148, 127 (1943); 153, 385 (1944). 
3 M. DIXON and D. M. NEEDHAM, Nature  158, 43~ (1946). 
4 W. H. PRICE, C. F. CORL and S. P. COLOWICK, J. Biol. Chem. 

160, 638 (1945). 
5 S. P. COLOWICK, G .T .  CORI, and M. W. SLEIN, J. Biol. Chem. 

168, 583 (1947). 
G. T. COR1 and M. W. SLEIN, Federa t ion  Proc. 6, ~46 (1947). 

homogenates (disintegrated cells suspended in Ringer 
solution) and glycolysis in extracts free of structures ~. 
In the first named types of tissue preparations from 
brain or malignant tumor glucose is much more quickly 
metabolized than fructose but the difference disap- 
pears in extracts from the same tissues; here, the total 
reactivity of both sugars is much greater and almost 
equal. The distinguishing factor is, as has recently 
been shown, the different concentration of ATP. The 
ATP splitting enzyme, the ATP-ase, is strongly ad- 
sorbed on the cell structures and so long as these are 
present, ATP is kept down by the activity of this en- 
zyme. In this low range of ATP the affinity of fructose 
is much less than that  of glucose, but in a higher range 
their affinity is equal. I f  these structures are removed, 
the same difference can be obtained in the extract with 
concentrations of added ATP much lower than those 
found by analysis in the living cell. Incidentally, it 
follows from these results that  the active concentration 
of ATP in the living cell where the difference in the 
rates of fructose and glucose turnover is very con- 
spicuous must be a small fraction of the total ATP 
found by analysis. The bulk of it is either separated by 
cell structures from the enzymes or otherwise bound 
to inert proteins. 

C. Carboxylase 

K. LOHMANN showed in 1937 that  cocarboxylase, 
separable from the enzyme carboxylase by  washing 
yeast with slightly alkaline solutions, is nothing else 
but diphosphothiamine, the diphosphoric ester of vita- 
min B 12. The carboxylase reaction of yeast: 

pyruvic acid--> acetaldehyde + COa 

does not occur in the animal. But the important 
observation of PETERS 3, that in vitamin B 1 deficient 
animals pyruvate  metabolism is inhibited and pyruvate 
concentration in the blood is strongly increased, proves 
that  here also the breakdown of pyruvate needs co- 
carboxylase. The effectiveness of free thiamin in re- 
lieving the symptoms of B1 deficiency in animals is 
easily explained by the reversible reaction4: 

thiamin + 2 ATP ~- thiaminediphosphate + 2 ADP. 

The difference of the reaction of pyruvate in yeast and 
in the animal must  be attributed to the specific enzyme 
proteins 5. In the latter case the decarboxylation is 
always coupled with oxidation: 

pyruvate + O = acetate + CO 2. 

I O. MEYERHOE and N. GELIAZKOWA, Arch. Biochem. 12, 405 
(1947). - O. MEYERHOF, Arch. Biochem. 13, 485 (1947). -- O. MEYER- 
HOE and J.  R. WILSON, Arch. Biochem. 14, 71 (1947). 

2 K. LOHMANN and P. SCHUSTER, Biochem. Z. 294, 183 (1947). 
3 R. PASSMORE, R. A. PETERS, and H. M. SINCLAIR, Biochem. J. 

27, 842 (1933). - R. A. PETERS, Lancet  230, 1161 (1936). I. BANGA. 
S. OCHOA, and R. A. PETERS, Biochem. J.  33, 1109 (1939). 

4 S. OCHOA, Biochem. J.  33, 1262 (1939). 
5 D. E. GREEN, W. W. WESTER~ELD, R. VESNESLAND, and W.E.  

KNOX, J. Biol. Chem. 140, 683 (1941). - S. OCHOA, Evans '  Biol. 
Action of Vi tamins  (Univ. of Chicago Press, 1942), p. 17. 
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1 q'. LIPMANN discovered ~ that as intermediate acetyl- 
phosphate was formed, the phosphate group was taken 
up from inorganic phosphate and attached to the carb- 
oxyl group in the same way as in 1,3-phosphoglyceric 
acid. Because this enzyme has not yet been obtained 
in pure state and flavine protein and possibly diphos- 
phopyridinenucleotide are also components of the 
system, it cannot be stated definitely whether these 
oxidations are one step reactions or not. Even in the 
case where the final decomposition of pyruvate is 
achieved by the way of synthetic reactions involving 
the tricarboxylic acid cycle of KREBS, cocarboxylase is 
a necessary component of the system. 

The characteristic feature which we have already 
encountered with the other coenzymes, the adenylic 
system and cozymase, is likewise true for cocarboxy- 
lase: viz. the exact specifities of the reactions are 
bound to the enzyme proteins while the coenzymes 
exhibit only a sort of class specifity, as H~ transport- 
ing, phosphate transferring, or decarboxylating agents. 
This is also true for other coenzymes like riboflavin or 
pyridoxal, etc. 

Conclusions 

Carbohydrate metabolism furnishes some very strik- 
ing examples of the biological function of vitamins and 
hormones. As is now more and more revealed by the 
studies of intermediary metabolism, vitamins must be 
generally regarded as constituents of the effective 
groups of enzymes or coenzymes. Nicotinamide, the 
pellagra vitamin, is the reacting group of the cozymase, 
thiamin of the cocarboxylase, and adenylic acid plays 
also some role as a sort of vitamin. Quite recently it 
was found by LIPMANN.and his group ~ that pantothenic 
acid (dihydroxydimethylbutyryl-fl-alanide), another 
B-vitamin, is a constituent of the coenzyme of acetyl- 
ation and acetate oxidation. In this way a great part 

1 F. LIPMANN, J. Biol. Chem. 134, 463 (1940). 
2 F.  LIPMANN, N. O. I~APLAN, G. D. NOVELLI, L. C. TUTTLB, a n d  

B. M. GUIRARD, J .  Biol. Chem. 167, 869 (1947). - F. LIPMANN a n d  
G. D. NOVELLI, Arch.  Biochem.  14, '23 (1947). 

of the acetic acid arising during the oxidation of 
carbohydrate and fat is disposed of. 

Hormones on the other hand combine with enzymes, 
forming compounds of an increased or diminished 
activity, thereby controlling or regulating the speed of 
turnover of the metabolites. This is exemplified by the 
role of the cortical hormone and insulin on hexokinase. 

It  should therefore be acknowledged that the ap- 
proach to intermediary metabolism described here, 
which tries to separate the global metabolic reaction 
into its constituting elements and to study the be- 
havior and kinetics of the individual enzymatic steps, 
is not only of theoretical or academic interest but has 
yielded also results of great practical importance for 
general medicine, agriculture, and nutrition. 

Rdsumd 
Le sch6ma des 6tapes du d6doublement des glucosides 

dans la glycolyse des tissus animanx est expos6 ici con- 
form6ment aux r6sultats obtenus de 1932 ~ 1939. Toutes 
les substances interm6diaires sont phosphoryl6es. La 
transphosphorylation s'accomplit selon le syst~me ad6- 
nylique (acides ad6nosinetri-, di- et monophosphoriques). 
La grande 4nergie libre de ce groupe phosphorique n'est 
pas perdue, mais transmise aux interm6diaires de la 
glycolyse et s'accumule dans la phosphocr6atine. Un 
autre type de phosphorylation est repr6sent6 par la 
phosphorolyse r6versible du glycog6ne, avee formation 
du glucose-l-phosphate. Ce type est en r6alit6 une ,,trans- 
glucosidation~ comme on peutle d6montrer dans la for- 
mation semblable du disaccharide/~ partir du glucose-I- 
phosphate et de la 16vulose. En l'absence de la 16vulose, 
le glucose-1-phosphate r6agit avec l'enzyme en proportion 
stcechiom~trique, et conserve l'6nergie du groupe phos- 
phorique dans la combinaison du glucose avec l'enzyme. 

L'article traite des nombreuses r6actions enzymatiques 
des enzymes purifi6es et cristallis6es et discute plus en 
d6tail la fonction des trois enzymes, soit: la transforma- 
tion de l'acide 2-phosphoglyc6rique en phospho6nol- 
pyruvique par l'6nolase, la phosphorylation de la glucose 
par l'ad~nosinetriphosphate en presence de t'hexokinase, 
et le d6doublement de l'acide pyruvique par la carboxy- 
lase. Le r61e des vitamines comme groupes essentiels des 
coenzymes, et celui des hormones comme activateurs et 
inhibiteurs des enzymes sont mis en 6vidence dans les 
r~actions m6taboliques des glucosides~ 
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S T U D I O R U M  P R O G R E S S U S  

T h e  C o n f o r m a t i o n  ~ of t h e  S t e r o i d  N u c l e u s  

By D.H.R. BARTON 2, Cambridge, Mass. 

In  r e cen t  years  i t  has  become general ly  accep ted  t h a t  
the  chai r  c o n f o r m a t i o n  Of cyc lohexane  is app rec i ab ly  
more  s tab le  t h a n  the  boat .  In  t he  chai r  c o n f o r m a t i o n  
i t  is possible  3,* to  d i s t ingu i sh  two  types  of ca rbon-  
h y d r o g e n  bonds ;  those  which  lie as in (Ia) pe rpend icu l a r  
to  a p lane  con ta in ing  essent ia l ly  t he  six ca rbon  a t o m s  
and  which  are called s polar (p), and  those  wh ich  lie as 
in (Ib) a p p r o x i m a t e l y  in th i s  plane.  The  l a t t e r  h a v e  
been  des igna t ed  3 equatorial (e). 

The no tab le  researches  of HASSEL and  his collabo- 
ra tors  5,6 on the  e lec t ron  d i f f rac t ion  of cyc lohexane  
de r iva t ives  have  t h r o w n  cons iderab le  l ight  o n  these  
more  sub t l e  a spec t s  of s t e r eochemis t ry .  Thus  i t  has  
been shown  s t h a t  m o n o s u b s t i t u t e d  cyc lohexanes  a d o p t  
the  equa to r i a l  c o n f o r m a t i o n  (IIa) r a t he r  t h a n  the  polar  
one (IIb) .  This  is an obse rva t ion  of i m p o r t a n c e  for it  
ind ica tes  t h a t  the  equa to r i a l  con fo rma t ions  are t he r -  
m o d y n a m i c a l l y  more  s tab le  t h a n  the  po la r  ones. I t  
should  pe rhaps  be po in t ed  ou t  here  t h a t  a l t h o u g h  one 
c o n f o r m a t i o n  of a molecule is more  s tab le  t h a n  o the r  

(e} R ' 

~ (p) 

I (P) 
(P) (la) (P) 

I "~----(e ) 
(e) 

( I b )  

(p) {P) 
H R 

(I1o) (lib)' 

possible  con fo rma t ions ,  th is  does not m e a n  t h a t  the  
molecule  is compelled to  reac t  as if i t  were  in th is  con- 
f o r m a t i o n  or t h a t  i t  is r ig idly  f ixed in any  way.  So long 
as the  ene rgy  barriers be tween  con fo rma t ions  are small,  
s epa r a t e  c o n f o r m a t i o n s  c a n n o t  be d i s t ingu i shed  b y  the  
classical  m e t h o d s  of s t e r eochemis t ry .  On the  o t h e r  h a n d  
a smal l  d i f ference  in free ene rgy  c o n t e n t  (about  one 
kilocal, a t  r o o m  t e m p e r a t u r e ) b e t w e e n  two  possible  
c o n f o r m a t i o n s  will ensure  t h a t  t he  molecule  appea r s  by  
phys ica l  m e t h o d s  of e x a m i n a t i o n  and  b y  t h e r m o -  
d y n a m i c  cons ide ra t ions  to  be subs t an t i a l l y  in only  one 
confo rma t ion .  

z The word conformation is used to denote differing strainless 
arrangements in space of a set of bonded atoms. In accordance with 
the tenets of classical stereochemistry, these arrangements represent 
only one molecular species. 

2 Harvard University Visiting Lecturer, 1949-50, Harvard 
University, Cambridge 38, Mass. 

3 C.W. BECKETT, t{.S. PITZER, and R, SPITZER, J. Amer. Chem. 
Soc. 69, 2488 (1947). 

40 .  HASSEL'S norllenclature "s is different, but the distinction 
remains the same. 

50.HASSEL and H.VIERVOLL, Acta Chem. Scand. 1, 149 (1947). 
e See O. HASSEL and B. OTTAR, Acta chem. Scand. 1, 929 

(1947) for a summarizing paper and references to earlier work. 

The equa to r i a l  c o n f o r m a t i o n s  are also the  more  
s tab le  in b o t h  c i s - l : 3 -  and  t r a n s - l : 4 -  d i s u b s t i t u t e d  
cyc lohexanes  z. Thus  cis- 1 : 3 -d ime thy l cyc lohexane  a d o p t s  
t he  d iequa to r i a l  c o n f o r m a t i o n  (IIIa)  r a t h e r  t h a n  the  
d ipo la r  one ( I I Ib) ,  whi l s t  t r a n s - l : 4 - d i m e t h y l c y c l o -  
h ex an e  exis t s  as (IVa I r a t h e r  t h a n  (IVb). 

re} 

H (P) 
(p) ( I l ia}  

(e) H3C 

( e ) H ~  
I ,C_,H3 

H3C |P~ 
tp) (lTIb) 

(p) (p) 
H CH 3 

CH3 (el ~ " - - H l e )  

( ]Eo)  H (SZb] 9, H~ [p) ~P) 
T h e r m o d y n a m i c  ca lcula t ions  z show t h a t  t r a n s - l : 2 -  

d i m e t h y l c y c l o h e x a n e  t akes  up  the  d iequa tor ia l  con-  
f o r m a t i o n  (V; R=CH3)  r a t h e r  t h a n  the  d ipolar  one 
(VI;  R=CH3) .  Fo r  c i s - l : 2 - d i s u b s t i t u t e d  cyc lohexanes  
the re  are two  possible  confo rmat ions ,  In  b o t h  of these  
one of t he  s u b s t i t u e n t s  forms  an equa to r ia l  bond,  t he  
o the r  a po la r  one. Since these  differences  in t h e r m o -  
d y n a m i c  s t ab i l i t y  b e t w e e n  equa to r ia l  and  polar  con- 
fo rma t ions  are p r e s u m a b l y  of s ter ic  origin 1, i t  would  
a p p e a r  logical to  make  the  larger  s u b s t i t u e n t  fo rm the  
equatOrial  bond ,  

Cons idera t ions  of t he  s ame  t y p e  can be e x t e n d e d  to  
2 - subs t i t u t ed  cyc lohexanols .  Thus  2,3 the cis-alcohols  
(VII  ; R ~  alkyl),  on equ i l ib ra t ion  by  hea t ing  w i t h  sodium,  
furn ish  a lmos t  en t i r e ly  t he  t r ans - i somers  (V I I I ;  R =  
a!kyl). In  the  fo rmer  one s u b s t i t u e n t  is polar,  one 
equa to r i a l ;  in  the  l a t t e r  b o t h  are equator ia l .  The same  
conclus ion on re la t ive  s t ab i l i t y  is r eached  f rom a 
cons ide ra t ion  of t h e r m o c h e m i c a l  d a t a  4. Similar ly  5 t he  
2 : 6 -d i subs t i t u t ed  cyc lohexano l  (I X), wi th  two' equa to r ia l  
and  one polar  subs t i t uen t s ,  is i somer ized  to  (X) on 
equi l ib ra t ion .  The  s i t ua t ion  is the  same 3 w i t h  t he  
bicycl ic  t rans-~-decalol .  He re  t he  i somer  (XI) is iso- 
mer ized  to  (XII)  on equi l ibra t ion .  

A cons ide ra t ion  of t he  con fo rma t ions  ~ (XI I I )  and  
(XIV),  a s s u med  b y  the  s te ro id  nucleus  when  the  A / B  
r ing fusion is r e spec t ive ly  t r ans -  and  cis-, p rov ides  a 
s t r ik ing  i l lus t ra t ion  of t he  usefulness  of the  co n cep t  of 

1 C.W. BECKETT, ]{. S. PITZER, and R. SPITZER, J. Amer. Chem. 
Soc. 69, 2488 (1947). 

2 G.VAvoN, Bull. Soe. Chim. [4], 49, 937 (1931). 
3 W. HOCKEL, Ann. Chem. 533, 1 (1937). 
4 A. SI~ITA and W. FAUST, Ber. Dtsch. Chem. Gcs. 64, 2878 (1931). 
5 G. VAvoN and P. ANZlANr, Bull. Soc. Chim. [5], 4, 1080 (1937). 

In connection with the conformations of poly-substituted cyclo- 
hexanes it should be mentioned that O. BASTIANSEN, O, ELLERSEN, 
and O. HASSEL, (Acta chem. Scand. 3, 918 [1949]) have recently 
shown that the five stereoisomeric benzene hexachlorides assume, in 
agreement with our general argument, those conformations wMch 
have the maximum possible number of equatorial carbon-chlorine 
bonds. 

Conformations (XIII) and (XIV) are unambiguous represen- 
tations of the steroid nucleus provided that rings A, B, and C are 
chairs. This is almost certainly true for a trans-A/B ring fusion 
(compare the X-ray evidence of C.H.CARLISLE and D.CROWFOOT 
(Proc. Roy. Soc. A 184, 64 [1945]) on the conformation of eholesteryl 
iodide) an.d a similar situation, at ]east in solution, probably holds 
for a cis-A]B fusion. The justification for the latter has been more 
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Observation Exptl. Method References 

Cholestane Series 
2cr (e) more stable than 2fl (p) 

3/3 (e) more stable than 3~r (p) 
4 cr (e) more stable than 4/3 (p) 

6a (e) more stable than 6//(p) 
7 fl (e) more stable than 7 :r (p) 

5/3 (e, p), 6~ (e)-dibromide more stable 
than 5cr (p), 6fl (p)-dibromide 

Coprostane Series 
3,r (e) more stable than 3fl (p) 

11 ~ (e) more stable than 11 fl (p) 
12fl (e) more stable than 12,r (p) 

Reduction of 2-one 

Equilibration 
Reduction of 4-one** 

Reduction of 6-one 
Reduction of 7-one*** 

Equilibration 

Equilibration 
Equilibration 
Equilibration 

L. RUZICKA, P. A. PLATTNER, a n d  Nf. FURRER, 
Helv. calm. acts 27, 524 (1944). 

pp. 98, 636* 
l:~. TSCHESCHE and A. HAGEDORN, Ber. 68,  2247 
(1935). - L. RUZlCKA, P. A. PLATTNER, and M. 
EURRER, 1OC. cir. 
pp. 223, 653. 
I. M. HEILBRON, W. SHAW, and F. S. SPRING, 

Rec. Trav. Chim. 57, 529 (1938). 
D. H. R. BARTON and E. MILLER, J. Amer. 
Chem. Soc. 72, 1066 (1950). 

pp. 99,636. 
L.F. FIEs~R, preceding paper. 
pp. 461,657. 

* All references reported in this way are to L.F, FIESER and 
M.FIESER, Natural Products Related to Phenanthrene (3rd Edition, 
1949, Reinhold Publishing Corp.). 

** The configurations are assigned (vide injra). 
*** According to the standard tables of D.H.R. BARTON and 

polar  a n d  equa to r i a l  bonds .  The re la t ionsh ip  b e t w e e n  
the  ~- a n d  f l -nomencla tu re  i n t r o d u c e d  by  FIESER 1 and  
the  occurrence  of polar  and  equa to r ia l  bonds  is also 
s u m m a r i z e d  in (XI I I )  and  (XIV).  

T h e r m o d y n a m i c  C o n s i d e r a t i o n s .  In  a n u m b e r  of cases 
equ i l ib ra t ion  of h y d r o x y l  groups  a t  s econda ry  pos i t ions  
in t he  s te ro id  nucleus  has  been  carr ied  out.  At  o the r  
pos i t ions  t he  co r r e spond ing  ke tones  h a v e  been  r educed  
b y  sod ium and  alcohol, a process  which  (in cyc lohexane  
der iva t ives)  is well e s t ab l i shed  to  give the  t h e r m o -  
d y n a m i c a l l y  more  s tab le  alcohols  in a p p r o x i m a t e l y  the  
same p ropo r t i ons  as f rom equ i l ib ra t ion  e x p e r i m e n t s  -~ I t  
is possible  the re fo re  to  see how well t he  concep t  of more  
s tab le  equa to r i a l  c o n f o r m a t i o n s  is obeyed.  As set  ou t  in 
Table  I t he  e x p e c t e d  r e l a t ionsh ips  are observed .  Also 
inc luded  in th i s  Table  is a reference  to  the  equ i l ib ra t ion  
of 5 ,r : 6 f l -d ib romocholes tane  wi th  the  5 fl: 6 a- isomer,  for 
th is  is c lear ly  r e l evan t  to  the  issue unde r  discussion.  

E l i m i n a t i o n  E v i d e n c e .  Reac t ions  whose  m e c h a n i s m s  
require  conce r t ed  l : 2 - e l i m i n a t i o n  should  p roceed  more  
readi ly  w h e n  the  four  cen t res  i nvo lved  (the two  ca rbon  
a t o m s  a n d  the  two  subs t i t uen t s )  lie in one plane.  Fo r  
conce r t ed  ionic e l imina t ion  reac t ions  in cyc lohexane  
de r iva t ives  t he  o p t i m u m  a r r a n g e m e n t  of t he  subs t i t u -  
en t s  for t he  min imiza t i on  of t he  ac t i va t i on  ene rg y  is 
t h a t  in which  b o t h  are polar  3,4. There  is m u c h  ev idence  in 

extensively presented elsewhere 4,5. See also the discussion by SO- 
BOTKA 6. 

1 L.F.FIESER, The Chemistry o/ Natural Products Related to 
Phenanthrene (lst Ed. 1936, Reinhold Publishing Corporation). 

2 See footnotes 2 anti 3 on p. 316, 2nd column. 
a ~E.D.HcGH~S and C.K. I~GOLD et al., J. Chem. Soc. ~117 

(~948). 
4 D. H. R. BARTON and E.MILLER, J. Amer. Chem. Soc. 72, 1066 

(1950), 
50 .  BASTIANSEN and O. HASSEL, Nature 157, 765 (1946). - 

O.HAssEL and tt. VIERVOLL, Acta chem. Scand. 1, 149 (1947) and 
papers there cited. - D.M.R.BARTON, J. Chem. Soc. 340 (1948). 

s H. SOBOTKA, The Chemistry o] the Steroids, 1938, p.48 et seq. (The 
Williams and Wilkins Co.). 

W.I{LYNE (Chem. and Ind. 755 [1948]) 7/3-hydroxycholestane 
should have E~]D ca. +52 ~ whilst the 7c~-isolner should exhibit 
[~]D ca. +80. I.M. HEILBRON, W. SHAW, and F.S. SPRING, loc. cit., 
observed [C~]D +51 o and therefore the configuration of their alcohol 
must be 7if-. 

the  l i t e ra ture  which  conf i rms  this.  Thus  t c i s -2 - subs t i tu t ed  
cyc lohexanols  (VII) undergo  acid ca t a ly sed  d e h y d r a t i o n  
[e l iminat ion of H (19) and  OH (p)J more  readi ly  t h a n  the  
t r ans - i somers  (VIII) .  In  t he  m e n t h o l  series 2 n e o m e n t h o l  
(XV;  R=CH 3 ,  R ' = H )  loses w a t e r  easi ly re la t ive  t o  

Table I I  

Observation 
References 

Easy elimination of 

Cholestane Series 
6fl-OH (p) and 5~-H (p) 

6fl-H (p) and 5cr (p) 

6fl-Br (p) and 5cr (p) 

7cr (p) and 8fl-H (p) 

Coprostane Series 
7~r (p) and 8/3-H (p) 

11 fl-OH (p) and 9~-H (p) 
11 fl-Br (p) and 9cr (p) 

D.H.R.  BARTON and W. J. RO- 
SENFELDER, J. Chem. Soc. 
2459 (1949). 

]D. H. R.  BARTON and E. MIL- 
LER, J. Amer. Chem. Soc. 
72, 1066 (1950). 

D.H.R.  BARTON and E. MIL- 
LER, IOC. cit. 

pp. 241, 242, 631 

pp. 118,631 
pp. 408,630 
pp. 460,631 

m e n t h o l  ( X V I ;  R = C H a ,  R ' = H )  and  n e o i s o m e n t h o l  
(XV;  R = H ,  R ' = C H ) a  d e h y d r a t e s  easi ly  re la t ive  to  
i somen tho l  ( X V I ;  R = H ,  R '=CH~)  8. There  are  a 
n u m b e r  of in t e res t ing  examples  of th is  so r t  of p h eno -  
m e n o n  in s tero id  compounds .  A s u m m a r y  is g iven in  
Table  II .  

i G.VAvoN, Bull. S,,c. Chim. [.tj, 49, 937 (1931). 
For summary see J. L. SIMONSEN and L. N. OWEN, The Terpenes, 

Vol. I (Cambridge University Press, 1947). 
s Of course for pyrolytic elimination of substituents by "uni- 

molecular" mechanisms (see D.H,R.BARTON, J. Chem. Soc. 2174 
[1949]) cis-elimination is the rule and the discussion given here is no 
longer relevant. 
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Table I11 

[ExPERIENTIA VoL.VI/8] 

Observation References 

Cholestane Series 
2fl-OH (p) more hindered than 2a-OH (e) . . . . . . .  
3a-OH (p) more hindered than 3fl-OH (e) . . . . . . .  
6/~-OH (p) more hindered than 6a-OH (e) . . . . . . .  
6e-H (e) more easily oxidized than 3~-H (p) . . . . . .  

3fl-H (e) more easily oxidized than 3~-H (p) . . . . . .  

Coprostane Series 
3 fl-OH (p) more hindered than 3a-OH (e) . . . . . . .  
6fl-OH (p) more hindered than 6a-OH (e) . . . . . . .  
11fl-OH (p) more hindered than 11a-OH (e) . . . . . .  
12a-OH (p) more hindered than 12/~-OH (e) . . . . . .  
7e-OH (p) and 12a-OH (p) more hindered than 3a-OH (e) 
7fl-H (e) and 12fl-H (e) more easily oxidized than 3fl-H (p) 

A. FORST and P. A. PLATTNER, Helv. chim. acta 32, 275 (1949). 
pp. 635, 636 
p. 223 
L.F,  FIESER and S. RAJAGOPALAN, J. Amer. Chem. Soc. 71, 

3938 (1949). 
G.VAvoI, I and ]3. JActlBOWlCZ, Bull. Soc. Chim. [4], 53, 581 

(1933). 

pp. 635, 636 
p. 652 
p. 408 
p. 658 
p. 125 
p. 126; L. F. FII~SER and S. RAJAGOPALAN, J. Amer. Chem. Soc. 

71, 3935 (1949). 

Steric Hindrance  Evidence.  The  app l icab i l i ty  of s te r ic  
h i n d r a n c e  ev idence  in t he  a s s i g n m e n t  of conf igura t ion  
has  long been  recognised,  a l t hough  such a s s i g n m e n t s  are 
n o t  a lways  rel iable 1. I t  seems possible  t o  exp la in  t he  
re la t ive  m a g n i t u d e s  of m a n y  of t he  p h e n o m e n a  of s ter ic  
h i n d r a n c e  in cyc lohexane  de r iva t ives  on the  basis t h a t  
po la r  b o n d s  are  more  h i n d e r e d  t h a n  t h e  c o r r e s p o n d i n g  
equa to r i a l  bonds .  An inspec t ion  of mode l s  makes  th is  

h y d r o x y l s  are m o r e  di f f icul t  to  es ter i fy ,  a n d  the i r  es te rs  
more  diff icul t  to  hydro lyse ,  t h a n  the  co r r e spond ing  
t rans -a lcoho ls  a n d  the i r  esters .  The  same  effects  are 
o b s e rv ed  w i t h  t r ans -a -deeu lo l  1. The  es ters  of t he  a lcohol  
(XI) (polar hydroxy l )  are more  diff icul t  to  hyd ro ly se  
t h a n  those  of t he  alcohol (XII)  (equator ia l  hydroxy l ) .  In  
t h e  m e n t h o l  series 2 m e n t h o l  ( X V I ;  R = C H ~ ,  R ' = H )  is 
more  easi ly  es ter i f ied  t h a n  n e o m e n t h o l  (XV;  R = C H  3, 

(p} 
H 

(e')R 

(e) R ~ . ~  

H {'V) 
{p) 

re) R ~ _ . . . . - . - - -  1 
( e ) H 0 ~  

{P) (~ZIII) 

(p) tp~ 
R H 

(e) H - ~  (e)R-~ 
(e) H ~ _ . ~  (el H ~ J ~  

HO (~22 1 R (~1 (p) (pl 

OH H 
/ (eL ! (e). 

H (P) H (P) (X) (p) (IX) (p) 

(p) (p) 
H H 

(eIH (elHO 

OH pn) (ZI I I  (p) (o) 

(p) (p) 
H 

tel P r l ~  / (e)Pr i , ~ 

(X~) to) 

r ea sonab l e - fo r  a po la r  b o n d  is a lways  close in space  to  
two  o t h e r  "polar b o n d s  each  a t t a c h e d  to  t he  n e x t  b u t  
one  c a r b o n  a tom,  whe rea s  t h e r e  is no  s imi la r  re la t ion-  
sh ip  for  equa to r i a l  bonds .  

In  s u p p o r t  S of th is  genera l i za t ion  i t  has  been  obse rved  
t h a t  c i s -2 - subs t i t u t ed  eyc lohexano l s  {VII) w i t h  polar  

R ' = H )  and  a s imilar  r e l a t ionsh ip  holds  for i s o m e n t h o l  
( X V I ;  R = H ,  R '=CH ~)  and  n eo i s o men t h o l  (XV;  
P~=H,  R ' = C H 3 ) .  

H o w ev e r ,  a reverse  r e l a t ionsh ip  holds  ~ for ch romic  
acid ox ida t ion  of 2 - s u b s t i t u t ed  cyclohexanols .  Here  t h e  
cis-alcohols are  oxid ized  more  r ap id ly  t h a n  the  t rans - .  

1 W. Hf3GKEL, Ann. Chem. 533, 1 (1937). - Compare the preceding 
paper in which L.F.FIESER has discussed sterie effects under the 
headings intraradial and extraradial. 

G.VAvoS, Bull. Soc. Chim. [4], 49, 937 (1931). 

1 W. HOcKEL et al., Ann. Chem. 633, 128 (1937). 
For summary see : J. L. Si~aoNsE~ and L. N. OwE~, The Terpenes, 

Vol. I (Cambridge University Press, 1947). 
a G.VAvoN, Bull. Soc. Chim. [4], 49, 937 (1931). 
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This observation is adequately accommodated by the 
present theory if the rate determining step is at tack 
upon the carbon-hydrogen bond rather than upon the 
carbon-hydroxyl linkage. 

The situation in the steroid field is summarized in 
Table III .  In  every case the expected order of hindrance 
holds good. Atso included are data for oxidations of 
alcohols by Br + to give the corresponding ketones. If 
such oxidations are assumed to involve attack upon the 
carbon-hydrogen bond then the results are in agreement 

be more easily hydrolysed than those of (say) podo- 
carpic acid where ring A is as shown in (XVIII ;  R--CH3, 
R'=CO2H), for in the latter the carboxyl occupies the 
more hindered polar conformation. 

(P) 
CH3 

with the other observations summarized in the Table. (O) 
Although the concept of polar and equatorial bonds I (p) ~ ( e ) i  ~ - - /  

is not, of course, applicable to cyclopentane, it is of (p )  II/P'I@__.._..~ u [ 
interest to note tha t  the 17 e-bond in the steroid nucleus 
has, because of the ring fusion to a six-membered ring, CH3 ~ - - - /  C i [ / J 
the character of a polar bond with respect to that  ring. ]/3 ( p ) ( e r  ' ~h 
Also the 17 fl-bond has in its relationship to ring C the I c* 
aspect of an equatorial bond. These facts are in agree- II0 l~ 9//" [ (e) (P) I ~ 
m ent with the greater thermodyna m ic stabil it y of 17fl- ; J f ~ - 2 ~  (P) 
subst i tuents  and the greater degree of steric hindrance 
shown by 17~-substituents 1. (P . 0 , ~ - ~ 1  / / F  ~ ; ) ' 1  ~ 

( e l ( p } - ~  5(e') "' " (I~) 
(p) 

I A l  CH~ ~ ~.(p) 

(P) (e 

/ / ; 

P) (e~" / , , / ~ , 4  (e) 
(p) (e) | f ~ - - ~ , a /  /(e) (I~) ](x 
/0,0, /~/ /  ' - - ~ . , 9  ~/~ <~) Now that  it is recognised' that  r i n g s  A and 13 of the 

fl e and fl amyrin groups of triterpenoids and also' those 
of the lupeol group are trans-fused, it is possible to 

(e) i / c ,  J r  1~ (P) make a tentat ive representation of their stereochemistry 

(Hp) R' P / , ,  

( "y-v~ ) I / "4 (xw.) 
H r 

Use o/the Concept. I t  will be clear tha t  it is possible to 
assign configurations on the basis of the concept of polar 
and equatorial bonds. One such example has already 
been given in Table I. An additional i l lustration is 
provided by trans-fl-decalolL The more stable epimer 
m.p. 75 ~ must  have the hydroxyl in the equatorial 
conformation as in (XVII) ; this is in agreement with the 
fact tha t  its esters are more rapidly hydrolysed than 
those of the epimeric (polar hydroxyl) alcohol. Other 
examples are mentioned below. 

Extension to di- and tri-terpenoids. I t  would seem 
reasonable to extend the concept of equatorial and polar 
bonds to the correlation of the stereochemistry of other 
ring systems built  up from fused cyclohexane units. 
Thus ring A of the diterpenoid abietic acid may be 
represented 8 by (XVIII ;  R=CO2H, R'=CHa) with the 
carboxyl occupying an equatorial conformation. I t  is 
understandable then that  the esters of this acid should 

1 L.F.FIESER, Exper. 6, 312 (1950). 
2 W. HOCKEL, Ann. Chem. 533, 1 (1937). - W.HOCKEL et al., Ann. 

Chem. 533, 128 (1937). 
a D.H.R. BARTO•, Quart. Rev. 8, 36 (1949). 

(o) OH (e) 

(P) 

R 

,., I% 
H ~  7 $ 

(el H O ~  } 

{p] ( ~F~ ) 

as shown in (XIX;  R----H). Placing the hydroxyl in the 
equatorial conformation explains the more facile 
hydrolysis of fl-amyrin acetate relative to epi-fl-amyrin 

1 D.H.R. BARTON, Quart. Rev. 3, 36 (1949). 
2 T.R.AMEs and E. R.H. JoNEs, Nature 16.4, 1090 (1949). 
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a c e t a t e  alad of lupano l  re la t ive  to  epi-lupanol-' .  I t  a lso  
account s  for the  easy  e l imina t ion  of  w a t e r  a c c o m p a n i e d  
b y  molecu lar  rearrangement ,  w h i c h  is induced  in these  
c o m p o u n d s  or the ir  d e r i v a t i v e s  b y  t r e a t m e n t  w i t h  
p h o s p h o r u s  pentach lor ide  a. Such  a reac t ion  t h e n  be-  
comes  c o m p a r a b l e  to  the  v e r y  e a s y  d e h y d r a t i o n  of  
i soborneo l  to  g ive  c a m p h e n e ,  in t h a t  all the  four a t o m i c  
centers  of  i m p o r t a n c e  in the  react ion  lie in one  plane.  
The  m a r k e d  h indrance  of the  7 - h y d r o x y l  group  in 
sumares ino l i c  acid and  i ts  easy  e l imina t ion  under  ac id  
d e h y d r a t i n g  cond i t ions  ~ are bes t  e x p l a i n e d  if  i t  has  the  
polar  c o n f o r m a t i o n  as in the  part  expres s ion  ( X I X ;  
R ~ O H ) .  

In  c o n n e c t i o n  w i t h  the  n o m e n c l a t u r e  of t r i t erpeno ids  
i t  w o u l d  appear  des irable  to  e x t e n d  F~ESER'S ~-, fl- 
c o n v e n t i o n  for s tero ids  to  cover  t r i t erpeno id  s tereo-  
c h e m i s t r y  also. A c o n v e n i e n t  reference p o i n t  is th e  C~ 
m e t h y l  group.  S u b s t i t u e n t s  on the  same  s ide of  the  
main-  ring p lane  as this  m e t h y l  group shou ld  be re- 
garded  as h a v i n g  the  f l -conf igurat ion,  those  on the  
oppos i te  s ide  as h a v i n g  the  ~-conf igurat ion .  Thus  
sumares ino i i c  acid w o u l d  be  d e s i g n a t e d  2 f i : 7 f l - d i -  
h y d r o x y o l e a n -  12-ene-  1 7 - c a r b o x y l i c  acid.  

Zusammen/assung  

~Beim, C y c l o h e x a n  und se inen  A b k O m m l i n g e n  k a n n  
m a n  die n icht  an der 1Ringbildung be te i l i g t en  V a l e n z e n  
der K o h l e n s t o f f a t o m e  in , g q u a t o r i a l e ,  und  ~polare~ 
e intei len.  Jedes  R i n g k o h l e n s t o f f a t o m  ha t  e ine polare  
und  eine /~quatoriale B indung ,  

A n  e i n e m  g e g e b e n e n  K o h l e n s t o f f a t o m  ist  ein &qua- 
tor ia l  g e b u n d e n e r  L i g a n d  t h e r m o d y n a m i s c h  s tabi ler  als  
ein polar  gebundener .  Zwei  b e n a c h b a r t e  S u b s t i t u e n t e n  
werden,  w e n n  es s ich urn I o n e n r e a k t i o n  handet t ,  l e i ehter  
abgespa l t en ,  w e n n  l i e  be ide  <<polar~ g e b u n d e n  sind, als 
w e n n  einer y o n  ihnen  oder be ide  <<gquatoriale~> Bin-  
d u n g e n  bese tzen .  S i n  L i g a n d  in der po laren  S te l lung  an 
e inem g e g e b e n e n  K o h l e n s t o f f a t o m  nnter l i eg t  s tgrkerer  
s ter i scher  H i n d e r u n g  als  in der gquator ia l en  A n o r d n u n g .  

D ie  A n w e n d u n g  dieser a l lgerneinen R e g e l n  auf  die 
Steroidchernie  wird kurz  beschr ieben.  D a b e i  wird  die 
Abh/ ing igke i t  dieser A n w e n d u n g  von  der fiir den Ster in-  
kern a n g e n o r n m e n e n  K o n f i g u r a t i o n  be tont .  

Die  A u s d e h n u n g  dieser  Ideen  auf  das Geb ie t  der Di-  
und Tr i terpeno ide  wird  angedeute t .  

1 L. RUZlCKA and H. GUBSgR, Helv. chin. acta 28, 1054 (1945); 
these authors assigned the opposite configuration at C=. 

R.NowAK, O. JEG~Iq and L. RuzlCKA, Helv. chim. acta, 32, 
323 (1949). The equatorial conformation for the hydroxyl group 
in these compounds is also indicated by the fact that fl-amyrin 
is more stable thermodynamically than epi-l-amyrin (L. RuzlcKa 
and W.Wlaz, lb., 2~, ~248 (1941). 

a L. RuZlCKa, M. MO~TAVOS, and O. JEGER, Helv. claim, acta 
31, 819 (1948) ; and earlier papers from the same laboratory. 

L. Ruz~czn, O. JEGER, A. GRo~, and H. HOsLI, Helv. chin. 
acta, 26, 2283 (1943). 
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The Isoprene Rule and the Biogenesis of Terpenic Compounds 1 

By L. RUZlCKA, Zurich ~ 

The systematic  s tudy  of the higher terpenes was 
s tar ted in Zurich in the early 1920's. At  tha t  time work 
was begun simultaneously on the diterpene abietic acid 
and on those sesquiterpenes which, like abietic acid, 
contain a hydroaromat ic  ring system. 

T h e  Carbon  Ske l e ton  o / t h e  Sesqu i -  a n d  P o l y t e r p e n e s  3 

The importance of abietic acid (I) 4 for the develop- 
ment  of the chemist ry  of the polyterpenes lies in the 
fact tha t  it was soon realised tha t  its carbon skeleton is 
composed of 4 isoprene units. Likewise the elucidation 
of the s tructure of hydroaromat ic  sesquiterpenes (I) 
such as cadinene and eudesmol was considerably facilit- 
ated by  the observat ion tha t  their carbon skeleton can 
formally be deduced from farnesol. Farnesol and the 
sesquiterpenes derived from it contain three isoprene 
units in regular head-to-tail  ar rangement  (II). In  
abietic acid, on the other  hand, the carbon skeleton is 
irregular, with three isoprene units arranged head-to- 
tail as in farnesol, while the fourth is a t tached the 
other  way  round (I). 

Absetic dc/~# #endtyli# ####isia It#tong 

/cdr####l Cadi#en# ####Sill# 

I.--Regular and irregular terpenic carbon skeletons. 

1 From a lecture held at the XIII th International Congress of Pure 
and Applied Chemistry, Stockholm, 29 th July, 1953. 

Laboratory of Organic Chemistry, E.T.H., Zurich. 
3 In this section only the carbon skeletons are considered (Tables 

I-VI). The precise formulae are given in the following sections. 
4 The/ormulaearegroupedin ~sTablesdesignatedbyromannumbers 

(I-XXIII). In  the text re/erence is made to the Table by its roman number 
and to the/ormula in the Table by a small latin lelter, e.g."ZXb" indicates 
/ormula b in Table IX .  When the names o] compounds are indicated in 
the Table, only the roman number o/ the Table is given in the text. 

The monoterpenes are also made up of isoprene units, 
and this represents the common s t ructural  feature 
which links the various compounds of the group, even 
those in which the carbon skeleton is not  derived from 
p-cymene, as for example fenchone and artemisia 
ketone (I). 

c o 

c -  c - - c - ~ c - - c - - c - - c  

regular orrengernent (heod to foil) 

c c 
i i I 

C--C--C--C@C--C--C--O 

an #x#m#le of i##egut~r Brran#emenk 

II.--Regular and irregular arraugement of isoprene units. 

This led to the formulation of the i soprene  rule,  

which states tha t  the carbon skeleton of the terpenes 
is composed of isoprene units linked in regular or 
irregular arrangement.  

The isoprene rule has successfully been applied in 
the elucidation of the structure of terpenic compounds. 
A brief review of the carbon skeletDns of the sesqui-, di-, 
and triterpenes will serve to prove the validi ty of the 
isoprene rule, and will also show tha t  each group  has 

i t s  o w n  spec ia l  var ia t ions  o/ the / u n d a r n e n t a l  rule.  

o~- Santa/en~ Patghou//ylcg## 

n-csqo/Ople~e m/~e#e ou~/o/ 

III.--Sesquiterpene carbon skeletons deduced from farnesol. 

In  the sesqu i terpene  group almost all compounds 
have regular carbon skeletons (III). Even the some- 
what  peculiar looking carbon skeletons of such com- 
pounds as ~-santalene (SEMMLER), patchouli  alcohol 
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(TREIBS), cedrenO,/5-caryophyllene (SoRM)L vetivone 
(PFAu and PLATTNER), and guaiol (PLATTNER) can 
be deduced from farnesol. The wide validity of this struc- 
tural relationship led to the formulation of the "farnesol 
rule" which is a special case of the isoprene rule. 

~ ~Keleton or 
Corotol 

g'~pa~he~.i~ V~r.~rsor Er~mopMone type 
IV.--Irregular carbon skeletons of sesquiterpenes. 

Of the sesquiterpenes, only carotol (SoRM) does not 
follow the farnesol rule but is instead built of 3 isoprene 
units in irregular arrangement (IV). 

The one exception to the isoprene rule in the ses- 
quiterpene field is eremophilone (IV) (t)ENFOLD and 
SIMONSEN). However, according to ROBERT ROBIN- 
SON, the carbon skeleton of eremophilone (IVb) may 
be derived from a eudesmol type precursor (IVa) by 
migration of a methyl group. 

P@I~I ~ero#x~IAJ 

ldonool Dextroflsmer/~ et'iY 

V.--Regular carbon skeletons of diterpenes. 

In the diterpene group, apart from the carbon skeleton 
of abietic acid with an irregular sequence of four iso- 
prene units (I), the carbon skeletons of all 3 diterpenes 
(V) are derived from a regular isoprene tetramer con- 

1 The eedrene formula (III,c/. also XVIiI) was proposed by A. 
ESCHENMOSER in his Ph.-D. Thesis, E.T.H., Zurich, 195~. Its cor- 
rectness was demonstrated experimentally by PLATr~ER et al. C]. 
the paper by PL. A. PLATTNER, XIII th Internat. Congress of Pure 
and Applied Chemistry, Stoekhohn, 29 th July, 1953. 

2 SORM was the first to propose a many-membered ring structure 
Iora terpenie compound. The elucidation of the structural details of 
the caryophyllenes was completed by BARTON, CLEMO, DAWSON, and RAMAGE. 

3 ~-Camphorene is not considered here, because, though the 
compound is obtained by dimerisation of myrcene, its structure is 
not definitely established. 

sisting of 4 isoprene units connected head-to-tail. This 
is best seen in four typical representatives of the diter- 
penes: the open chain compound phytol (F. G. FI- 
SCHER), monocyclic axerophthol (KARRER), bicyclic 
manool (HosKING), and tricyclic dextropimaric acid. 
This structural relationship may be termed the "phytol  
rule", in analogy to the farnesol rule of the sesquiter- 
penes. 

The majority of the diterpenes derivable from phytol, 
as for instance sclareol and agathic acid, possess the 
same bicyclic structure as manool. All bicyclic and tri- 
cyclic diterpenes have an identical carbon skeleton in 
rings A and B. It  will be shown that this structural pat- 
tern is also present in rings A and B of the triterpenes. 

% 

~,- e2' 

\ % % . 

A~F,-~//z 

% % ~ . . ' %  ... 
X*'~~ ~ '" 5 ~ 5  % 

d % 
fl- ,GmSn 4- #mZ#'l~ 

(g/e~no//c md) (gesokc ~cY) 

Z ayea//Be/u,~) 

VI.--Symmetrical and irregular carbon skeletons of triterpenes. 

The triterpenes may be classified on the basis of 
several structural types. However, a higher analogue 
of farnesol and of phytol, with a regular head-to-tail 
arrangement of 6 isoprene units, is not known. A new 
type is encountered, represented by the aliphatic 
hydrocarbon squalene (KARRER), which is built of two 
farnesyl chains symmetrically joined end-to-end (VI). 

The symmetrical structure of squalene is reminiscent 
of the C~0 carotenoids, which may be considered, on the 
basis of their carbon skeleton, as typical representa- 
tives of the tetraterpenes. 
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Only  one o ther  t r i t e rpene  belongs to the  squalene 
type ,  the  t r icycl ic  alcohol ambre in  (VI). Both  squalene 
and ambre in  are of an imal  origin. Almost  all t r i te r -  
penes of p l an t  origin, on the  o ther  hand,  have i r regular  
pen tacyc l ic  carbon skele tons  (VI) which pa r t i a l l y  
dev ia t e  from the s q u a l e n e  type .  They  m a y  be sub- 
d iv ided  in three  subgroups,  the  c~-amyrin, the  f l -amyrin,  
and  the  lupeol  subgroup.  These three fundamen ta l  car- 
bon skeletons of the  pen tacyc l ic  t r i t e rpenes  differ from 
each o ther  on ly  in the  a r r angemen t  of one isoprene 
unit ,  which is a t t a ched  a t  one end of the  molecule 
(isoprene uni t  6 in the formulae) .  The first  four isoprene 
units  (1-4 in the  formulae) have  the same a r rangement  
as the  corresponding uni ts  in squalene.  

ZjosLe:ol L~nosle~/ (E~#, C/Dc/5, O 
( ~, *, J~-rrifnethylzymoS~erol ) 

Me Me He 

HO HO 

[v~hd ( 2 ) L,,'~"3 
H 

H,~,, OH3 ~CO0~ 

from d-d//fO/Tglldl Dk~i~ureRe hacid 

VII 1.--Lanosterol and euphol. 

There  remains  to be ment ioned  a last  group of com- 
pounds,  which on the basis  of thei r  carbon skeleton m a y  
be assigned an intermediate position between the steroids 
and the triterpenes. These compounds  possess the  t e t ra -  
cyclic nucleus typ ica l  of the  steroids and  conta in  30 
carbon atoms.  Two typ ica l  r epresen ta t ives  of this  
g roup  are tanosterol  and  euphol  (JEGER). 

Lanosterol (VII)  was a t  first  assumed to be a t r i te r -  
pene. In  the  course of degrada t ive  studies,  however,  
JEGER found t ha t  the carbon skeleton is not  bui l t  in 
accordance with  the  isoprene rule. Lanosterol  was 
therefore  defined as the  first  2 represen ta t ive  of the 
group of the  C30 steroids.  The re la t ionship  between 
lanosterol  and  the s teroids  is ev ident  a t  f i r s t  sight,  
when one compares  lanosterol  wi th  zymosterol .  Lano-  
sterol  m a y  in fact  be considered a t r imethy lzymos te ro l .  

1 Erratum: In the formulae of the C~' acids H and CH 3 should 
be interchanged and 1 should read d. 

2 The second representative is cycloartenol (SPRING; BARTON). 

Euphol (VII) and  lanosterol  differ e i ther  in the 
posi t ion or in the  conf igurat ion of the  long side chain 
and  of a me thy l  group in r ing D. F o r m u l a  V I I a  was 
or ig inal ly  proposed  for euphol,  bu t  a s t ruc ture  stereois- 
omeric with lanosterol ,  i.e. having  a cis C/D junct ion,  is 
not  excluded.  Fo r  reasons which will be discussed later ,  
fo rmula  VI I  b should also be considered 1. 

One of the la tes t  results in the degradat ion of euphol 
should be ment ioned here (VII). The 8-9 double bond 
of d ihydroeuphol  shifts easily from rings B/C into ring 
D. If  the euphol formula differs from V I I a ,  it  has to 
be assumed tha t  one or two methyl  groups in ring D 
also migrate.  I0  lanosterol,  with a probable trans- 
junct ion of rings C and D, such a rearrangement  does 
not  occur. If  in euphol rings C and D are cis-joined, 
methyl  group migrat ion would perhaps be explainable.  
The isomerisatiola product  obtained from dihydroeuphol  
yields a diketone on oxidation.  Stepwise degradat ion of 
this diketone leads to the dex t ro ro ta to ry  2, 6-dimethyl-  
heptanoic acid, which has the L configuration as the 
corresponding acid deducible from the sesquiterpene 
zingiberene (VII) and is the ant ipode of the acid ob- 
ta ined  from d-citronellal,  for which the D configuration 
is established. 

Mention should  also be made  of poIyporenic acid A 
(VIII), because of i ts close re la t ion to lanosterol .  Wi th  
31 carbon a toms,  polyporenic  acid A is someth ing  of a 
curiosi ty.  

: 0 

.0 > ~ v  /\cooH Aoo X~/'~o 
t 

Po/y2opem'c oc:~ A 

From Lanasterol 

VIII.--Relation between polyporenic acid A and lanosterol. 

The elucidation of the s tructure of lanosterol  was of 
decisive assistance in the invest igat ion of polyporenic 
acid A, and made i t  possible for HALSALL, JONES, and 
LENIN to propose a par t ia l  formula. JEGER, HEUSSER, 
et al. have recent ly  succeeded in establishing a direct 
experimental relation between polyporenic acid A and 
lanosterol. Polyporenic acid A can be converted in several 
steps to an ace toxyt r ike tone  (VII Ia) ,  which was sup- 
posed to be closely related to an ace toxydiketonic  acid 
formerly obtained from lanosterol.  However,  the acetoxy-  
t r iketone (VIIIb)  prepared from this acid differed from 
the degradat ion  product  obta ined from polyporenic 
acid A. The close relat ionship between the two corn- 

1 The dehydrogenation of euphadiene with selenium to 1,2,8- 
trimethylphenanthrene supports the two formulae with the methyl 
groups in 18 and 14. 
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pounds was finally established when it was found that  
both yield the same tetraketone (VIIIc). Since the 
hydroxyl group of lanosterol in position 3 has fl configu- 
ration, it is possible to conclude from this result that  
the corresponding hydroxyl group of polyporenic acid A 
has ~ configuration, The configuration of the hydroxyl 
group in position 12 is according to HALSALL el al. also el. 

Con/igurational Correlations in the Diterpene and Triter- 
pene Series 

As has been mentioned before, the first two rings 
of the diterpenes and of the triterpenes have the same 
structure. I t  can be shown that  these rings also have 
identical configuration. 

~~-- a~ COOH 
HO0 t~OocIX,.. \COOH 

AblOtlC 3L':d 2:2#~pimaricsod 

'~L.__COOH 

Lan~:erol 

biyelrocarDOrl Czo / . I  blydro~rbon C18 ,4gaZiTtcdcid 

Manool ~ Sclareol 

I COOH AI~OOH ~ /COOH 

dleanokc ac/d~ l 

OH 

H O ~  c) Ambrgln 

IX.iConfigurational relationship between di terpenes and triterpenes. 

Abietic acid and dextropimaric acid both yield the 
same Cn tricarboxylic acid on oxidative degradation 

1 T. G. HALSALL and E. R. H. JONES in a paper presented at the 
XlII th Intern. Congress of Pure and Applied Chemistry, Stockholm, 
29 th July, 1953, also proposed formula VIII for polyporenic acid A. 

(IXa). Manool (JEGER) and abietic acid (CAMPBELL 
and TODD) have been correlated through transforma- 
tion into an identical C20 hydrocarbon. The relationship 
between manool and sclareol is established by  the fact 
that  both give an identical trihydrochloride (IX b) 
(HoSKING). Finally manool and agathic acid can both 
be converted into the same Cls hydrocarbon (JEGER). 

Thus it has been shown that  all of these bicyclic and 
tricyclic diterpenes have the same configuration at the 
A/B ring junction. This is of course also true of the 
other diterpenes which have been experimentally cor- 
related with those just discussed. 

Manool has also been correlated with the tricyclic 
triterpene ambrein (JEGER; LEDERER) by  degradation 
of both to an identical C16 acid still containing the 
asymmetric carbons 5, 6, and 10 (IX). Starting from 
ambrein (LEDERER), a C15 acid can be prepared, in 
which the three asymmetric carbons of the C1~ acid 
still are present. This C15 acid is particularly important,  
because it has also been obtained both from c~-amyrin 
and from ~-amyrin (IX) (JEGER). 

Manool, in turn, has been correlated with lanosterol. 
An identical C14 acid can be prepared by degradative 
reactions both from manool and from lanosterol (IX) 
(JEGER; HOSKING), showing that  the two compounds 
have the same configuration at carbon atoms 5 and 6. 

The reactions just discussed do more than merely 
establish the configurational identity of carbons 5, 6, 
and 10 in manool, sclareol, e-amyrin, fl-amyrin, and 
ambrein, and of carbons 5 and 6 in lanosterol, abietic 
acid, and dextropimaric acid. By way of manool they 
connect lanosterol and the amyrins with the diterpenes, 
and via the amyrins they embrace all the numerous 
pentacyclic triterpenes, belonging to the ~-amyrin sub- 
group (e.g. ursolie acid) and to the/5-amyrin subgroup 
(e.g. oleanolic acid). 

Within the triterpene group, ~-amyrin and fl-amyrin 
have been degraded (JEGER) to an identical tricylic 
hydroxydiketone (IXc), thus proving that  the two 

= 14 

H0 H0 

lupeol G~rrnanlcol 

HO HO 

B- Amyr/n 
X.--Relationship between lupeol and fl-amyrin. 
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compounds have the same configuration at carbon 
atoms 2, 5, 6, and 9. The identity in configuration at 
position 10 has already been mentioned. 

I t  is mostly through the work of JONES that a third 
subgroup of the pentacyclic triterpenes, the one of 
lupeol, has been correlated with fl-amyrin (X). JONES 
obtained germanicol by rearrangement of ring E of 
lupeol. Germanicol itself has been converted (BARTON) 
into a doubly unsaturated triterpene alcohol (Xa) 
formerly obtained from fl-amyrin (JEOER). 

The triterpenes of the fl-amyrin subgroup contain 
7 asymmetric carbon atoms in positions 2, 5, 6, 9, 10, 
14, and 17, which have the same configuration as the 
corresponding carbon atoms in lupeol (X). Five of 
these seven asymmetric centers, carbon atoms 2, 5, 6, 
9, and 10, have been shown to have the same configura- 
tion as in the e-amyrin subgroup (IX). 

Relative and absolute Con/iguration o/ Diterpenes and 
Triterpenes 

The first evidence regarding the relative configura- 
tion in the diterpene and triterpene series was provided 
for carbon atoms 5 and 6. The already mentioned C n 
tricarboxylie acid (IX a), which is obtained from abietic 
acid and from dextropimaric acid, is optically inactive. 
This means that  its asymmetry must be internally 
compensated. Two configurations (XIa and b) satisfy 
this condition. By studying the effect of configuration 
on the dissociation constants of polycarboxylic acids, 
BARTON was able to assign configuration Xfa .  As a 
consequence, trans-junction of rings A and B follows 
for all di- and triterpenes. 

Another proof of the configuration at the A/B ring 
junction would be possible by correlation of a suitable 
degradation product of abietic acid with one derived 
from rings A/B of a steroid. Starting from ergosterol tile 
dicarboxylic acid XIc has been obtained through the 
intermediate XId. The two asymmetric carbon atoms 
of this acid possess the same configuration as carbons 
5 and 10 in cholestanol. The preparation of the corres- 
ponding dicarboxylic acid from abietic acid is being 
carried out in Ziirich. 

( '~  a/ Me / b) Me c00H\ 

~ c  ~ " .H ..H 
HO0 uud -- HO00 "" ~'Me COOH O0 COOH 

C 1~ HOOC --CH2~/~ 
) d) , 

H 

Xi.--Steric identity at ring A/B junction in diterpenes, triterpenes 
and steroids. 

It  is impossible to report in detail all the funda- 
mental work which has led to an almost complete 

elucidation of the stereochemistry of the triterpenes. 
Our present day knowledge is mainly due to BARTON, 
CURTIS etal.,JEGER, JONES, KLYNE, MILLS, and PRELOG. 
The methods used are fundamentally the same as those 
applied in the steroid field and are based on the follow- 
ing studies : 

(1) Studies of the dissociation constants of poJycarb- 
oxylic acids. 

(2) Studies of the relative stability of stereoisomeric 
1,2-condensed ring systems, the question being in 
each case whether the trans or the cis configura- 
tion is more stable. 

(3) Studies of the possibility of formation of bridged 
ring systems, in particular of lactones. 

(4) Studies of the steric course of elimination and 
addition reactions. 

(5) Studies of the contribution of individual asym- 
metric carbon atoms to the molecular rotation. 

(6) Studies of the molecular structure by X-ray dif- 
fraction. 

(7) Studies of the absolute configuration by PRELOG'S 
method using asymmetric synthesis. 

Of these methods, two provide information about 
the absolute stereochemical configuration : the method 
of MILLS, based on the contribution of the single asym- 
metric carbon atoms to the total optical activity, and 
the method of PREL()G, based on asymmetric synthesis. 
Combination of the results obtained by these two 
methods with those achieved by the other methods 
mentioned above leads to the assignement of the ab- 
solute configuration of the asymmetric carbons in the 
triterpenes. 

HO 14~ 

d- Am/m 

~o 
Zupeol 

19 

~-Amy://: 

HO~ "R 
Cholest3nOl 

X I I.--Configurational relationship between triterpenes and steroids. 

Tile resulting information regarding the absolute 
configuration of the triterpenes is presented in the 
formulae of a-amyrin, fl-amyrin, and lupeol (XlI). The 
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configurational formula of cholestanol is also shown for 
comparison purposes. In the formulae of the three 
triterpenes the carbon atoms which have/3 configura- 
tion are marked by  heavy dots, according to LIN- 
STEAD'S notation. All other asymmetric  carbons in 
~-amyrin, fl-amyrin, and lupeol have c~-configura- 
tion, as do the corresponding atoms in cholestanol. 
The carbons 19 and 20 in ~-amyrin are of unknown 
configuration and are marked by  asterisks in the 
formula. In the case of lupeol (and of fl-amyranol) 
there are 7 asymmetric  carbons (2, 5, 6, 9, 10, 13, and 
14) having the same configuration as the corresponding 
carbons in cholestanol, while in the case of e- and fl- 
amyrin  there are 6 (carbons 2, 5, 6, 9, 10, and 14). 

 i~ 
XIII.--Hormone from lanosterol. 

Lanosterol has been shown to have the same absolute 
configuration at the A / B  ring-junction as the triter- 
penes and cholestanol. Mention should also be made of 
a tentative deduction of the configuration of carbon 
atoms 13, 14, and 17 from physiological properties 
(JEGER). A compound prepared start ing from lano- 
sterol, 11-keto-14-methylprogesterone (XIII) ,  has 
been found to have the same qualitative and quan- 
t i tative activi ty in the CORNER-ALLEN test as 11-keto- 
progesterone. I t  is a well known fact tha t  the hor- 
monal act ivi ty of progesterone is highly dependent on 
configuration, and it m a y  be deduced from the activity 
of 11-keto-14-methylprogesterone that  the 4 asym- 
metric carbons of lanosterol, which are present in 11- 
keto-14-methytprogesterone (XIII) ,  have probably the 
same configuration as the corresponding 4 atoms in 
progesterone, and consequently in cholesterol. 

The same conclusion has been reached by CURTIS eta[. 
by  X-ray  diffraction s tudy  of lanosterol. CURTIS' results 
lead him to assign to the lanosterol molecule a flat 
structure, analogous to the one established by  BERNAL 
20 years ago for cholesterol. 

Biogenesis ol Steroids and Terpenic Compounds 
(together with A. ESCHENMOSER 1 and H. HEUSSER) 

Once the structure and the configuration of a natural  
compound has been established, the question arises 
how the compound is synthesized in nature. 

The first definite answer to such a question in 
regard to the carbon skeleton of the steroids and the 
triterpenes was given by BLOCt{ through a biological 
synthesis of cholesterol from acetic acid labelled with 

1 C[. A. ]~SCHENMOSER, Ph.-D. Thesis, E.T.H., Zurich, 1952, 
p. 16 -38 .  

Clt. BLOCH has also provided evidence indicating tha t  
in all probabili ty squalene is an intermediate in this 
synthesis. The two ways by  which squalene m a y  be 
transformed into cholesterol, are shown in schemes 
X I V a  and XIVb.  Scheme a represents the cyclisation 
of squalene as proposed by  ROBINSON. Scheme b is the 
mechanism proposed by  WOODWARD and BLOCH. 

o 

,6N/~ i'.o 
o l ) 3 1  I 

/%,!/ j b o /  o/ 
II !,./~ ~  

I 
~ $q~,vene a) 
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o i .i,3 ( . o  
/ \ 1  ~x  I\o / o / 

* ~ 8 \ o  ! it , 
o / \o  

SFu#Icze o) 

is o 2 ~ /  i ? o 
o I o / ! \  ~ 

./t\~-~~ / ~,.o7 / "-1/~/~\o/  o/  
"2 10 . . . .  
o.>/\~.5o . . . .  o\ / " - /  / %  

+ - - * "  260 / \027 o / . \ o  o 

C#olestetol [3#OdtgA~/ 

XIV.--Biogenesis of cholesterol and lanosterol from squalene. 
o ~ Carbon from acetate methyl, 

• = Carbon from acetate carboxyl. 

In both schemes the carbon atoms originating from 
the methyl group of acetic acid are indicated by a small 
circle, and those originating from the carboxyl group of 
acetic acid by a cross, in accordance with the arrange- 
ment of the isoprene units in squalene (VI) and with the 
formation of the isoprene skeleton from acetic acid (XV). 

CH,-CO~ CH 3 t 
CH3-C~ CH3--CO*CH3--COOH~ o--• 

X V.--Distribution of acetate carbons in the biogenesis of the isoprene 
skeleton. 

Comparison of the two schemes X I V a  and b shows 
tha t  the cholesterol carbons at positions 7, 8, 12, 
and 13 are derived from different acetate carbons, 
depending on whether scheme a or scheme b is followed. 
An experimental decision between these two cyclisation 
schemes was reached by  appropriate degradation of the 
biosynthetically labelled cholesterol. By  degradation 
of cholesterol obtained from methyl  labelled acetate, 
BLOCH has been able to prove that  carbon atoms 71 and 
13 are radioactive 2. I t  follows that  scheme b represents 
the cyclisation mechanism, if squalene really is the 

intermediate in the biosynthesis of cholesterol. 

It had been shown previously that carbons 20-27 of 
the side chain (WORSCH, HUANG, and BLOCH) and 1-6, 

x Private communication. 
A. MONDON, Angew. Chemie 6a, 333 (1953), has recently pub- 

lished a paper in which he proposes a hypotheticaliso-squalene as the 
biological precursor of cholesterol. In this hypothesis the rearrange- 
merit required in the deduction of the cholesterol formula from 
squalene is avoided. However, M0soo~'s proposal is in disagreement 
with BLOCH'S experimental results, as it does not account for the 
presence of a carbon atom derived from an acetate methyl group in 
position 13 of cholesterol. 
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10, and 19 of rings A/B of cholesterol (HUNTER, POP- 
JAK, and CORNFORT~) are arranged according to the 

Tetracyclosqu~l~ne 

Arn/Jrei# 

XVl,--Acid-cata]ysed cyclJsation of squalene. 

alternation principle required by 
both cyclisation schemes (XIV). 

Though squalene most pro- 
bably is the biological precursor 
of cholesterol, it should be em- 
phasised that the only product 
obtained so far by acid-catalysed 
cyclisation of squalene is tetracy- 
closqualene 1 (XVI). It can be as- 
sumed that  also ambrein is formed 
by cyclisation of squalene. In the 
formation of tetracyclosqualene, 
as well as in that  of ambrein, cy- 
clisation starts simultaneously at 
both ends of the squalene mole- 
cule (XVI). 

An essential characteristic of 
the biological cyclisation of squa- 
lene to the steroids is the attack 
of a cation (e.g. OH +) at one end 
only of squalene (XVII) ~, where- 
upon the cyclisation proceeds syn- 
chronouslyto completion a. In the 
case of lanosterol, zymosterol, and 
cholesterol, the cyclisation yields 
(by way of the intermediates 
X V l I  ~ and b) the cation x v l I  c, 

I The position of the two double bonds 
in tetracyclosqualene, which has been 
proved by G. B0CHI (private commu- 
nication), explains why further cyelisa- 
tion of tetraeyclosqualene has so far 
been impossible. 

2 In Table XVII,  for the sake of sim- 
plicity, the configuration of the methyl  
groups is not indicated. 

a I t  is not known at what stage the 
methyl groups in positions 4 and 14 may 
be eliminated. 

which is stabilised (reaction ~ in XVIIc) through a 1-3 
hydrogen shift x (from position 13 to position 20) and a 
double 1-2 methyl shift ~ (positions 8, 14, and 13). 

The cation XVIIc could also be stabilised by 
WAGNER-MEERWEIN rearrangement, and this by two 
different routes (routes/5 and 7 in XVII c) each leading 
to different pentacylic systems. Both rearrangements 
result in the enlargement of ring D to a 6-membered 
ring (XVIId and k). 

The cation XVIId  leads to the formation of a 5- 
membered E-ring (XVIIe), and hence to lupeol. A 
further WAGNER-~/[EERWEIN rearrangement of XVIIe 
leads by way of the intermediate X V I I / t o  ~-amyrin 
and fl-amyrin. This route from lupeol to fl-amyrin via 
the intermediates XVIIe and X V I I / i s  nothing but a 
formulation of the well-known transformation of 
lupeol into compounds of the/5-amyrin type, which, as 
we have seen, has been experimentally achieved (X). 

1 Or a double 1--2 shift. 

e /  
N0 H 

Squ#/eng [B 

HO / \  

I(X %'. 

L upeol 

Cholesterol ~ -  Zymosterol 

. =-Amyrin Unknown "1 
pentacyclic~" ~ 

- /34tmyrin compoundsj 

z Or a 1 - - 8  shift. 

[uphd (7) 

:-.. k) 

H0 

XVII . - - Ion ic  mechanismsin the biogenesis ofsteroids and triterpenes from squalene. 
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The cat ion X V I I k ,  on the  other  hand,  represents  
the precursor  of pentacycl ic  compounds  of s t ructura l  
types,  which so far have not  been observed in nature.  
I t  is worth  not ing tha t  r ing E in these hypothe t ica l  
compounds  would have s t ructures  s imilar  to those of 
r ing E in lupeol, e -amyr in ,  and  f l-amyrin.  

( 
I 

forne6ol / 

5 
Bisabolene 

? 
Hexeh]droced~lene 

8) 
N 

1 

oc- 3antaleng 

XVIII.--Ionic mechanisms in the biogenesis of sesquiterpenes 
(6-membered ring intermediate). 

A last  var ia t ion  of the squalene cyclisation should 
be ment ioned.  The l imi t ing  s t ructure  X V I I g  of the 
n-complex  X V I I a  could undergo 

"The hypothesis may be formulated tha t  the steroids 
and the triterpenes have, at least partially, a common 
origin. For instance, one only has to insert  a methyl  
group in each of the rings A, t?, and C of cholesterol, in 
order to obtain a carbon skeleton corresponding to a 
tr i terpene.  I t  would not  be very profitable to discuss 
the question whether steroids may originate [rum such 
triterpenes by elimination o/ three methyl groups. 1,, 

28 years  la ter ,  in the l ight of BLOCH'S exper imenta l  
results  and of the cons t i tu t iona l  and eonf igurat ional  
relat ions of s teroids and t r i terpenes,  the common 
origin of s teroids and t r i t e rpenes  is not  only a m a t t e r  
of prof i table  discussion, bu t  achieves the s t a tus  of a 
working hypothes is  for future chemical  and  biochemical  
work. 

I t  should be emphas ized  tha t  all of the biogenet ic  
schemes discussed above  are based on genera l ly  ac- 
cepted react ion mechanisms.  Analogous biogenetic 
sche~nes 2 can also be proposed /or the biosynthesis o/ 
sesquiterpenes, diterpenes, and monoterpenes. 

The biogenesis of sesquiterpenes possessing a carbon 
skeleton der ived  from farnesol  m a y  be assumed to 
follow a route  s ta r t ing  from farnesol, farnesene or 
nerolidol. 

One m a y  dis t inguish two t y p e s  of biogenetic 
cycl isat ion of farnesol. One is character ised b y  the 
format ion of 6 -membered  r ing in te rmedia tes  and  the 
other  of 10- or 11-membered r ing in termedia tes .  

The acid-catalysed cyclisation of farnesol or nerolidol,  
which was carr ied out  exper imen ta l ly  in Zurich in 

1 The cholesterol formula which had been proposed by WIELAND 
and WINDAUS when this Thesis was written was far from being 
established and no triterpenc formula at all had as yet been published. 
The above biogenetic hypothesis was advanced on principle, because it 
appeared more likely than the one deriving the steroids/rom/arty acids 
(W1ELAND). 

Z For the sake of greater clarity, the hypothetical intermediates 
in the acid-catalysed cyclisations are formulated as classical car- 
benium ions. 

a WAGNER-]~EERWEIN rear rangement  
(from 14 to 12) to an in te rmedia te  
X V I I h ,  with subsequent  format ion of 
the  I ive-membered  D-r ing  (XVI t ] ) .  A 
1-3 shift  of a hydrogen a tom (from 
14 to 20) and a 1-2 shift  of a me thy l  
group (from 8 to 14) would lead to one 
of the  formulae proposed for euphol 
(VII  b). On the basis of this  mechanism,  
formula  V I I  b appears  to be more like- 
ly  than  the one with the me thy l  group 
in 17 (VIIa)  and should therefore also 
be taken  into considerat ion.  

In  an E.T.H.  thesis 1 publ ished in 
1925, one m a y  find the following s ta te-  
ments  : 

1 E.  A. RUDOLPH, Ph. -D.  Thesis, E.T.H., 
Ztiricb, 1925, p. 98, 99. 

f l -  Caryephy//ene d,-Eudesma/ s 

XIX.--Ioaic and radical mechanisms in the biogenesis of sesquiter- 
penes (10- and 11-membered ring intermediates). 
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1925, is an example of the first type. By way of the 
intermediate 6-membered ring cation X V I I I a ,  the 
reaction leads to bisaboIene and further to a mixture of 
hexahydrocadalenes. The intermediate X V I I I a  couId 
undergo a different cyclisation leading to the cation 
XVI I I e ,  in analogy to the schematic transition from 
X X I I e  to the bornyl cation (XXIIb) .  The cation 
X V I I I e  would be stabilised to ~- or to fl-santaIene. The 
cation X V I I I  b, also derived by cyclisation of farnesol, 
leads to cedrene by way of the intermediates c and d. 

The second type of farnesol cyclisation starts from the 
a-complex X I X a  of the farnesyl cation, and may  lead 
to a cation with a lO-membered ring (b) or to a cation 
with an 1J-membered ring (c). The intermediate c yields 
e-caryophyllene (humulene) directly, or else, on forma- 
tion of a 4-membered ring, fl- or y-caryophyllene. 

The 10-membered ring intermediate XIXb, which 
is derived from the z-complex of the farnesyl cation, 
leads to patchouli alcohol by way of the ~-complex 
X I X h  and the bicyclic intermediate XIX] .  

The biogenesis of eudesmol may be formulated along 
two different ionic routes. The one leads to ~- or fl- 
eudesmol by way of the already mentioned 10-mem- 
bered ring intermediate X I X  b and the intermediates / 
and g. The other route starts with a cyclogeraniol type 
cyclisation of farnesol to an intermediate XIXd, 
followed by an ~-terpineol type cyclisation (XIXe) to 
~-eudesmol. 

Farnesene I / /  

~ c  Patchouli 61cObOl 
) 

Gud/ol 

G-and.5'- 
Caryophyllene 

Vetivone 

XX.--Radical mechanisms in the biogenesis of sesquiterpenes 
(10- and ll-membered ring intermediates). 

So far only ionic cyclisations have been discussed. 
Radical mechanisms may, however, also be involved 
(XX). In fact, in certain cases the radical mechanism 
may  be more appropriate than the ionic one, as for 
instance in the cyclisation of farnesene to guaiol, to 
vetivone, and  also to the caryophyllenes. In the case 
of guaiol the intermediate would be the monocyclic 
biradical X X  a which can cyclise to the bicyclic bi- 
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radical c of the guaiol type. From here stabilisation 
may  take place either directly to guaio[ or by further 
cyclisation to patchouli alcohol (formula in Table 
XIX).  The intermediate on the way from farnesene 
to the caryophyllenes (formulae in Table XIX)  is 
the biradical XXb.  A shift of the ring double bond 
of the biradical X X a  would lead to a new 10- 
membered ring biradical (XXd), which may be sta- 
bilised by cyclisation, yielding vetivone, 

Formula XIXI ,  recently advanced for elemol by v 
SoR~I 1, on the basis of the isolation of methyldiisopro- 
pylbenzene on dehydrogenation, may be derived from 
the intermediate X I X / b y  cyclisation to the biradical 
X tXk ,  which could then undergo ring opening. This 
ring opening to X I X I  corresponds closely to the one 
that  occurs in the experimental conversion of a-pinene 
into ocimene (or allo-ocimene) and of fl-pinene into 
myrcene by way of the biradicals XXIIITa and 
X X I I I b .  

Another stabilisation route of the biradical X I X k  
would lead to c~-eudesmol. This stabilisation is ana- 
logous to the conversion of the biradicals X X I I I a  and 
X X I I I b  into limonene, which has actually been 
obtained by pyrolysis of a- and/5-pinene. 

Farnesol thus occupies a key position not only 
because it possesses the carbon skeleton traceable in 
sesquiterpenes, but also because it is a possible bio- 
logical precursor of the cyclic sesquiterpenes and, in 
the form of difarnesyl (i.e. squalene), also of the triter- 
penes and of the steroids. 

~erenff @ erdm~/ 

HOOC~~- 

o~ 

3g~ /r~/~nc dad 

Levopim3r/c acld H/e~/eg/r ac/d 

XXI.--Ionic mechanisms in the biogenesis of diterpenes. 

1 F. SORM in a paper presented at the XlII TM Internat. Congress 
of P~re and Applied Chemistry, Stockholm, 29 th July, 1953. 
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The diterpenes can easily be derived from geranyl- 
geraniol 1, which so far has not been found in nature. 
Double cyclisation at one end of the molecule, ac- 
companied by an allylic rearrangement at the other 
end (XXI a), would lead to sclareol and manool. Manool 
could in turn yield dextropimaric acid by cyclisation 
of the intermediate X X I b  to XXlc.  From dextropi- 
maric acid, finally, one may derive neoabietic acid and 
levopimaric acid, by way of a WAGNER-1V[EERWEIN rear- 
rangement of the intermediate X X l d  to XXIe.  As is 
well known, neoabietic acid and levopimaric acid 
readily yield abietic acid. 

1 i \   0,0oe 

Borneol c~ -Pinene Fenchol Thujone 

XXlI . - - Ion ic  mechanisms in the biogenesis of monoterpenes. 

The cyclic monoterpenes can also be derived from an 
open chain precursor such as geraniol 2 by way of the 
common intermediate XXl Ia .  In Table X X l I  the well- 
known formation of limonene from geraniol is formul- 
ated. The intermediate a can cyclise to XXII  b or c and 
lead either to a- and fl-pinene, or to borneol. From 
pinene, bywayof  X X l I  c bornyl and/enchyl derivatives 
can be obtained. By an intramolecular electrophylic 
substitution the intermediate X X l I a  can also lead to 
a 3-membered ring and consequently to A4-carene. 
Thujone and sabinene may be derived from the cation 
XXIId, an intermediate in the formation of ~- and 
~-terpinene from limonene, by way of the bicyclic 
cation e. 

For the biogenesis of the monoterpenes it is also 
possible to propose radical mechanisms, as for example 
for the formation of limonene and e-pinene from 
ocimene, and of limonene and fl-pinene from myrcene, 
by way of the intermediate biradicals X X I I I a  and b. 
The reactions in Table XXII I  are nothing but the 
reversal of the experimentally achieved thermal ring 

1 Or from analogous compounds which can yield suitable ionic or 
radical intermediates, e.g. geranyUinalool, geranylmyrcene. 

= Or from analogous compounds, e.g. linalool, myrcene. 

openings of a-pinene to yield limonene and allo- 
ocimene (which is formed by isomerisation of the 

Ocimene Lim!!ene ~ 

tl 

Myroeao 13 - Pihene 

X X l I I . - - R a d i c a l  mechanisms in the biogenesis of monoterpenes. 

primary product ocimene), and of fl-pinene to yield 
limonene and myrcene. 

Isoprene rule 

Only few of the cyclisations mentioned above have 
been carried out in the laboratory. These reactions can 
follow various routes, each leading to different natural 
compounds and, so far, most of the routes are, on 
steric grounds, not accessible in vitro. The course of 
a cyclisation is not only dependent on the reaction 
mechanism, but also to a high degree on the constella- 
tion 1 of the precursor and of the intermediate. It  is an 
important function of the enzymes to bring about the 
required constellation and thus cause the cyclisation 
to follow one specific course. 

An interesting example of the importance of the 
constellation in the biogenesis of terpenic compounds 
is given in the sesquiterpene group, where a great 
variety of carbon skeletons is encountered. The one 
carbon skeleton which has never been observed, is the 
bicyclofarnesol skeleton, so typical of all cyclic diter- 
penes and triterpenes. This appears to indicate that 
the biogenesis of steroids, diterpenes, and triterpenes 
differs in some fundamental detail from that of 
monoterpenes and sesquiterpenes. 

Whether the hypothetical schemes which have been 
discussed have a real significance in the laboratory of 
nature, remains of course to be proved by experiment. 
BLOCH'S merit is to have provided a firmer basis for 
such an experimental approach to the biogenesis of 
terpenic compounds as well as of the steroids. 

Moreover, the deduction o/ structures o~ natural ter- 
penic compounds by accepted reaction mechanisms/rom 
the hypothesized simple precursors squalene, geranyl- 
geraniol, [arnesol, geraniol ("biogenetic isoprene rule") 
not only serves to outline possible biogenetic routes, 

1 The word "constel lat ion" (F. EB~L in K. FREUDENBERG, 
Stereochemie [F. Deuticke, Leipzig and Wien, 1933J, p. 825) has 
the same meaning as " c o n / o r a t i o n "  (c I. D. H. R. BARTON, Soc. 
1953, 1027). 
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but also represents a new helpful tool in the structural 
elucidation of terpenic compounds. This new tool 
limits the number of carbon skeletons which can be 
proposed on the basis of the original isoprene rule ~ 
("empirical isoprene rule") alone. It is obvious that any 
formula deduced in accordance with the "biogenetic" 
as well as with the "empirical" isoprene rule requires 
experimental proof. 

The "empirical isoprene rule" was deduced formally 
from the structure of the natural terpenic compounds. 
From the "biogenetic isoprene rule", however, it 
would follow that the carbon skeleton of the biological 
end product is not necessarily identical to the carbon 
skeleton of the precursor. In other words the validity 
of the "empirical isoprene rule" depends on the mech- 
anisms of formation of the natural compounds, and 
the failure of a terpene to obey this rule does not 
necessarily disprove its origin from isoprene units. 

Nomenclature 

The terms terpene, diterpene, triterpene are retain- 
ed here in preference to the terms terpenoid, diter- 
penoid, triterpenoid, which are occasionally used in 
the modern literature. These terms have unnecessarily 
been introduced in analogy to the expression" steroid", 
which denotes a group of compounds having an ir- 
regularly varying number of carbon atoms. In the 
terpenic field the expression terpenoid should be 
reserved by analogy for compounds in which the 
number of carbon atoms varies irregularly% in contrast 

1 Cf. page S57. 
E.g. sa~ene ( C~), irone ( C~) , lupulone ( C~i). 

to the terpenes proper, where the number of carbon 
atoms is always a multiple of five. 

The terms monoterpene, sesquiterpene, diterpene, 
triterpene are unambiguous and need not be replaced 
by nebulous synonyms ending in "old". The term 
terpene, on the other hand, originally designated the 
monoterpenes alone. In order to avoid confusion the 
term terpene should be used only to designate the 
whole class of the terpenic compounds, and for the 
C:0 group the term monoterpene should be used 
exclusively. 

Z~sammen/assung 

Es wird eine Obersich~ tiber die Kohlenstoffgerfiste 
der Sesquiterpene, Diterpene und Triterpene gegeben. 
Die Isoprenregel zeigt in jeder dieser Gruppen besondere 
Eigenheiten. Auch die C~o-Steroide und ein Steroid mit 
31 Kohlenstoffatomen, die mit  dell Triterpenen ver- 
wandt sing, werden besprochen. Die Zusammenh~nge 
zwischen Diterpenen und Triterpenen in bezug auf ihre 
Konstitution und Konfiguration werden diskutiert, wo- 
bei auf die weitgehende Obereinstimmung ihrer KonfJgu- 
ration mit der Konfiguration der Steroide hingewiesen 
wird. Die ktirzlich dutch die Experimentalarbeiten yon 
BLOCH gewonnenen Kenntnisse tiber die biologische Ent- 
stehung des Cholesterins aus Essigs&ure, unter sehr 
wahrscheinlicher Zwischenbildung des Triterpens Squa- 
len, geben Anlass zur Er6rterung hypothetischer Wege 
ftir die Biogenese der pentazyklischen Triterpene aus 
Squalen, der zyklischen Sesquiterpene aus Farnesol, der 
zyklischen Diterpene aus Geranyl-geraniol und schliess- 
lich auch der zyklischen Monoterpene aus Geraniol, 
unter Beachtung der elektronischen Zyklisierungsme- 
chanismen der organischen Chemie. Schliesslich wird 
die ~biogenetische~ Isoprenregel definiert nnd ihre Be- 
deutung diskutiert. 

}bSvcs comn:uns - Kurs M{ttei, iun::cn 

Brcvi com::n:c :z:oni - Br:e:s Rc.:>ort:s,. 

Les auteur~;, so,~t seuls tespot:sa])h,s des opkdon:, expS:n~es :Sans ces cottimun:caSon~: - Nit :lie kursen Hi t, iIu:U<en {:' aus~:chlicssIieh 
d~r Autumn" velwH:twortlR'h - i~e: le brev: <:c:m:::iis ~: ~::sponsaS{le solo [ autoteo -~ 3he :><IR:>r>: lo not hold theu~selve :e:: :omi]~:8 for 

the opiriRnss expressed by NR;i: ~ cortes: {sndc:::: 

The Cons of D:~ex:s 

Al$hou~: 7 crys~-alIine Digxoxin (%he %ridi$[it<rs:oside of 
digoxk~[enin) was isola ted  in 19301 a'H~ hs~s been in 
ctin~cM t:se :in t he  J n i t e d  }{ingdom s ince i95;@ the  
accepted  proof  of its st~"uctu :e is v i t i a t e d  by  a d iscre? .  
ahoy between the opticM rotat~o:t of  the der ived  :::ethyl 
3 : :s hydroxyetisnate~ [~]D 50 ~ (mt,~hano])s :::i<: os 

amthentie methyl 3 ~; 12 ?.<]:h?s [:]z) } 52"> 

:~ ]3riL }ded. j 2~ ,  864 (H)83)~ 
s 2L 8t~s:q::;s ai'~d T. ]Rs~Ci~S'~'s:x }:ieiv. chfm, AO~a ?~ 898 (] 988), 

(methanoI):% ,,sith w h i c h  i t  ~{av< no m.elling po in t  de- 
pressio: ~< T:~: :~Ra, tier war d~-~c:ssed with Proh~sso~' 
~:<sxslcs'r<'ix ald I)r~ �9 A f~ TpN~o~< h: 1952 and h: ~e 

knowled!4< that the fo~s.:~er was p:a: :  ir~.~ $o prepare  the 
fotn ~ iso~xle~ic 3;12-dkydroxy{,danates and t i e  ]at t :er  
wit'< repeat~n{s %he degroxlAtk}n of digoxtk[en.in, we studied 

pr,{rtia] scu t }da tksn  Of di{s)xi{:e~:in ~nd the  snhyd rod i -  
&:pxi ?enb]  s. 

s Vo W~,?.qx'sz and "r, R:.'rc~$'sx':H,,% H e l v  chim. Acts s 96!~ 
(: 94~). 

}}h Sxs:osn sad T REzcHsl:B:w, Helv. chim. Acts 0~, S28 
{I938}~ .- ~I  L, X,sses and W, X, HOS~ >:, ~. AKier Che~x ~ Soco ~), 
9824 (1935); 8% 16L~ (1939).. 
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Die << Sprache >> der Bienen 
und ihre Nutzanwendung in der Landwirtschaft 

Von KARL V. FRISCH, Graz 

Man kann sich durch ein einfaches Experiment davon 
fiberzeugen, dab die Bewohner eines Bienenstockes 
imstande sind, einander Nachrichten zu geben. Ein 
Honigsch&lchen, in der N/ihe des Stockes aufgestellt, 
bleibt oft stunden- und tagelang unbeachtet. Wird es 
aber yon einer Biene entdeckt, so stellen sich nach 
kurzer Zeit auch andere ein, in steigender Zahl, und 
bald in Massen. Sie kommen aus demselben Heimat- 
stock wie die Entdeckerin. Haben wir mehrere Sch/il- 
chen rings um den Stock in dessen N~the aufgestellt, 
und wurde eines yon ihnen gefunden, so kommen Neu- 
linge etwa gleichzeitig und in gleicher Zahl an s/imt- 
liche Sch~ilchen. Die verst~tndigten Bienen fliegen also 
nieht der Entdeckerin naeh, sondern sie suchen selb- 
st~indig nach allen Richtungen. 

Was hier vorgeht, bleibt in einem gew6hnliehen 
Bienenkasten den Blicken entzogen. In einem Be- 
obachtungsstock aber, dessen Waben nebeneinander 
angeordnet und durch Glasfenster in ihrer ganzen Aus- 
dehnung fiberschaubar sind, sieht man folgendes: 
Die heimkehrende Sammlerin l~iuft in einen bestimm- 
ten Wabenbezirk und gibt zun~ichst etwas ,con dem 
eingetragenen Honig an die niichstsitzenden Bienen ab. 

1 Vortrag an der 126. Jahresversammlung der Schweizerischen 
naturforsehenden Gesellschaft in Zfirich am 8. September 1946. 

Dann beginnt sie einen Rundtanz. Sie l~tuft in engen 
Kreisen abwechselnd rechts herum und links herum, 
wobei sie einen Schwanz anderer Bienen hinter sich 
herzieht, die ihr nachtrippeln und alle Wendungen 
mitmachen. Nach neuerlicher Futterabgabe wieder- 
holt sich dasselbe Spiel an anderen Wabenstellen oft 
noch mehrere Male. Der Rundtanz bedeutet, dab in 
der Nfihe des Stockes etwas zu holen ist. Bienen aus 
der Gefolgschaft der T~tnzerin sind es, die hernach 
ausfliegen und nach allen Seiten suchen. Haben sie das 
Futter gefunden, so tanzen auch sie, und es steigert 
sich der Alarm im Bienenvolk. 

Die naturgegebenen Trinkbecher der Bienen sind 
nicht Glassch/ilchen, sondern Blumen. Wir ver~indern 
das Experiment, indem wir in der N&he des Stockes 
einige Phloxblfiten anbringen und mit Zuckerwasser 
betropfen. Gezeichnete Bienen sammeln das Zucker- 
wasser auf diesen Bltiten und tanzen im Stock. Am 
Futterplatz anfliegende Neulinge werden abgefangen, 
damit sie den Versuch nicht st6ren. An einem andern 
Ort der Umgebung stellen wir eine Schale mit Phlox 
und eine mit Zyklamen auf, ohne sie mit Zucker- 
wasser zu betropfen. Bald stellen sich auch hier Mar- 
mierte Neulinge ein und befliegen den Phlox in stei- 
gender Zahl. Sie setzen sich auf die Bliiten und unter- 
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suchen sic mit Ausdauer, obwohl ihnen der tief ge- 
borgene Nektar dieser Schmetterlingsblumen gar nicht 
zug~nglich ist. Die Zyklamen werden nicht beachtet. 
Ftittern wir aber nun die gezeichnete Bienensehar 
statt auf Phlox auf Zyklamenblfiten, so wendet sich 
das Interesse der sp~iter aussehw~i.rmenden Neulinge 
vom Phlox ab und den Zyklamen zu. Sie wissen, wo- 
nach sie suchen sollen! 

Ich habe dieses Experiment mit vielerlei Blumen- 
arten wiederholt und es ist immer gelungen, wenn an 
den Bliiten ein Duff erkennbar war. Nur mit vSllig 
duftlosen Blfiten (Heidelbeere, wilder Wein, wind- 
bltitige Gr~tser u.a.) geht es nicht. Demnach liegt 
das Verst~indigungsmittel offenbar im Duft der be- 
suchten Bliiten. Wenn dieser dem K6rper der heim- 
kehrenden Sammlerin noch erkennbar anhaftet, so 
wird auch klar, warum die Stockgenossen, die der 
T~inzerin nachtrippeln, deren Leib so eifrig mit ihren 
Riechwerkzeugen, den Fiihlern, betasten. Sie merken 
sich den Duft, suchen draul3en nach ibm und gelangen 
so an dieselbe B1/itensorte, an der die Sammlerin ge- 
wesen war. Dieser Zusammenhang wird fiberzeugend 
deutlich, wenn man die Blumen wegl~il3t und ~ithe- 
rische 01e oder ktinstliche Riechstoffe anwendet. Wir 
ftittern gezeichnete Bienen aus einem Glassch~ilchen 
auf einer Unterlage, die nach Pfefferminz duftet. Nach 
dem Einsetzen der TSmze befliegen die ausschw~trmen- 
den Neulinge alle Gegenst~inde, wie immer sie aus- 
sehen, wenn wir ihnen durch eine Spur yon Pfeffer- 
minzS1 dessen Geruch verliehen haben. 

Es ist erstaunlich, dab diese Duftsprache der Bienen 
auch bei sehr schw~,chem Bliitendufl nicht versagt. 
Der Versuch ist z .B.  mit Schwalbenwurzenzian 
( Gentiana asclelSiadea L.), mit Hahnenful3 ( Ranunculus 
acer L.) oder Feuerbohnen (Phaseolus multiflorus 
Link. var. coccineus L.) gelungen, durchwegs Blumen 
mit so unauff/itligem Duff, dab man sie gew6hnlich fiir 
geruchlos Mlt. Die Erkl/irung liegt zum Tell darin, 
dab Duftstoffe am KSrper der Bienen l~inger haften 
als an anderen Gegenst/inden, wie Glas, Porzellan, ver- 
schiedenen Metallen, Watte, Papier, oder auch am 
Chitin anderer Insekten 1. 

Es kommt aber noch etwas Weiteres hinzu: Der im 
Bltitengrunde abgesonderte Nektar ist mit dem spe- 
zifischen Bltitenduft geschw/ingert. Daher tr/igt die 
Sammlerin in ihrer Honigblase mit dem Nektar eine 
Duflprobe nach Hause, die sie beim Verftittern des 
Tropfens den umgebenden Bienen zur Kenntnis bringt. 
DaB dies richtig ist, ergibt sich aus folgendem Versuch : 
Wir betropfen Phloxbltiten mit Zuckerwasser, bis sich 
dieses nach 1-2 Stunden mit dem Phloxduft beladen 
hat. Dann lassen wir einige Bienen das phloxduftende 
Zuckerwasser aus einem engen Spar  saugen, so dab 
ihr K6rper dem Duft nicht ausgese~zt ist (Fig. 1). 
Sie tanzen daheim und verffittern das duftende Zuk- 

1 Noch unverSffentlichte Untersuehungen von Frl. STEINHOFF. 

kerwasser. Die ausschw~rmenden Neulinge suchen 
nach diesem Duff. Sie tun es mit gleicher, einwand- 
freier Deutlichkeit wie in einem Gegenversuch, bei 

i .Sp 

Fig. 1. Bienen saugen n~ch Phlox duflendes Zuckerwasser aus dem 
schmalen Spalt Sp zwisehen dem Rande der Glaskugel und dem 
eingesetzten Glasrohr R. Der K6rper der Bienen ist dem Duff nicht 
ausgesetzt. Das duftende Zuekerwasser wird mit einer Pipette dureh 

die obere (')ffnung des Glasrohrs naehgeffillt. 

dem die sammelnden Bienen auf Bltiten sitzen und aus 
dem engen Spar  duflloses Zuekerwasser aufsaugen 
(Fig. 2). Der ~iul3erlich am K6rper haftende und der 
innerlich in der Honigblase eingetragene Duft sind 
beide wirksam. Ich habe Bienen auf Zyklamenblfiten 
sitzen lassen und ihnen gleichzeitig aus dem engen 
Spalt phloxduftendes Zuckerwasser geboten, also den 
~tul3erlieh mit dem innerlich eingetragenen Duff gleich- 
sam in Konkurrenz gesetzt. Am Beobachtungsplatz 
erhielt die Phloxschale doppelt so viele Anfliige als die 

Fig. 2. Bienen saugen duflloses Zucherwasser aus dem Spalt. Ihr 
Kfirper ist dem Duft yon Zyklamenbltiten ausgesetzt. G Glasschale 
mit Wasser, zum Einstecken der B1/iten mit einem Gitter bedeckt. 

Zyklamenschale. Im Gegenversuch sal3en die Bienen 
auf Phloxbliiten und tranken zyklamenduftendes Zuk- 
kerwasser; nun wurde die Zyklamenschale yon Neu- 
lingen etwa zweimal so stark angeflogen als die da- 
nebenstehende Schale mit Phloxbliiten. Demnach hat 
der yon der LSsung absorbierte, im Magen eingetra- 
gene Bltitenduft die grSl3ere Bedeutung. Er gewinnt 
den Wettbewerb entscheidend, wenn sich die Futter- 
quelle in weiter Entfernung vom Bienenstock be- 
findet. Ich habe den eben beschriebenen Versuch 
bei einem Abstand von 600 m zwischen Futterplatz 
und Bienenstock wiederholt. Bei weiter Flugstrecke 
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wird der K6rper stark geliiftet und der/iugerlich an- 
haftende Duff verliert an Intensit/it. Nun richteten 
sich die ausschw/irmenden Neulinge ausschliefllich nach 
dem im Magen eingetragenen Bliitenduft. Wir er- 
kennen daraus die groge biologische Bedeutung des 
vom Nektar  absorbierten Blumenduftes, der yon den 
Bienen in ihrer Honigblase wie in einem wohlverkork- 
ten F1/ischchen heimgetragen wird und dann im Stock 
zur Geltung kommt.  

Der Alarm dureh die tanzenden Bienen, in Ver- 
bindun K mit dem Duftsignal, vermittelt  den Stock- 
genossen in einfachster Weise die Kenntnis des Zieles, 
naeh dem sie suchen sollen. Die Nachricht ist ein- 
deutig, weil jede Pflanzenart ihren spezifischen Bliiten- 
duff besitzt und weil das Geruchsorgan der Bienen 
diese vielen Dtifte auch zu unterscheiden vermag. Ich 
stellte einst einen Beobachtungsstock an der systema- 
tischen Abteilung des Miinchner botanischen Gartens 
auf. Inmit ten dieser Abteilung befand sich eine kleine 
Anpflanzung einer Immortellenart ,  die unter nor- 
malen Umst/inden nicht yon Honigbienen beflogen 
wird (Helichrysum lanatum). Als ich gezeichnete Bienen 
an anderer Stelle auf einigen abgepfliickten Immor-  
tellenbliiten fiitterte, kamen nach kurzer Zeit alar- 
mierte Neulinge in ansehnlicher Zahl an jenes winzige 
Beet. Sie hat ten das Ziel unter 700 anderen Pflanzen- 
arten, die damals gleichzeitig auf dem engen Raum 
des Systemgartens in Bliite standen, richtig heraus- 
gefunden. 

Die T/inze der Bienen erhalten ihren vollen biolo- 
gischen Sinn erst durch den Umstand, dab sie nur 
durch gute, ergiebige Futterquellen ausgel6st werden. 
Bei einer Tracht, die ein groBes Aufgebot nicht lohnt, 
wird nicht getanzt. Ein Sch/ilchen mit Zuckerwasser 
gibt AnlaB zu immer wiederholten T/inzen, solange 
es geffillt gehalten wird, stundenlang, vom Morgen bis 
zum Abend. Bietet man dieselbe Nahrung sp/irlich in 
zuckerwasserdurchfeuchtetem FlieBpapier, so wird 
zwar weitergesammelt, aber nicht getanzt. Derselbe 
Gegensatz ist an natfirlichen Blfiten zu beobachten, 
wenn sie einmal reichlich, das andere Mal sp~irlich 
Nektar  enthalten. Sind also bei einer neu erblfihten 
Pflanzenart durch die T/inze der ersten Sammlerinnen 
so viele Bienen mobilisiert worden, dab sie den Honig- 
segen bew/iltigen und der Nektar  in den Bliiten sp/ir- 
lich wird, so unterbleiben die T/inze und es unterbleibt 
hiermit auch ein weiteres Anwachsen der Sammler- 
schar. Neben der Menge des Futters ist seine Si~fligkeit 
von ausschlaggebender Bedeutung. Je siil3er der ge- 
botene Zuckersaft, desto lebhafter und anhaltender 
wird getanzt. Bei abnehmender StiBigkeit werden die 
T/inze ma t t  und unterbleiben schlieBlich ganz, auch 
wenn die Sammelt/ttigkeit noch fortgesetzt wird. 
Das bedeutet, dab die Blfiten mit dem meisten und 
stiBesten Nektar  die st/irksten T/inze ausl6sen, daher 
am besten befiogen und am sichersten befruchtet wer- 
den - gewiB ftir die Bltiten ein m/ichtiger Faktor  zur 

Steigerung der wunderbaren F/ihigkeit, in ihren Kel- 
chen hochkonzentrierten Zuckersaft zur Abscheidung 
zu bringen. 

Wenn die Blumendiifte, wie pr/ignante Ausdrficke 
einer Wortsprache, zur Verst/indigung fiber das Ziel der 
Sammelfliige dienen, so gesellt sich dazu als weiteres 
<<Wort~> der Bienensprache noch ein k6rpereigener 
Lockduft, der mit Nachdruck die Stockgenossen dahin 
ruft, wo ihre Kameraden bereits erfolgreich t/itig sind. 
Die Honigbiene besitzt am Hinterleib ein Du/torgan, 
wie solche von weiblichen Insekten vielfach bentitzt 
werden, um die M/innchen anzulocken. Bei der Bienen- 
arbeiterin hat es soziale Bedeutung gewonnen. Beim 
~ Sterzeln ~ vor dem Flugloch zeigen sie den noch uner- 

Fig. 3. Biene a m  Fu t te r sch / i l chen .  Der  Pfeil  weis t  auf  die 
ausges t f i lp te  Duf t f a l t e  h in .  

fahrenen Kameraden als lebende Duftmarken den 
Weg zum Eingang des Stockes, und beim Anflug an eine 
Trachtquelle locken sie die in der N/ihe herumsuchen- 
den Neulinge durch das Ausstiilpen der Duftdriise an 
den richtigen Ort (Fig. 3). Man kann bei Bienen, die an 
einem Glasschtilchen Zuckerwasser sammeln, das Duff- 
organ dadurch aussehalten, dab man die Hinterleibs- 
tinge, zwischen denen das Organ bei seiner Bet/itigung 
hervortritt ,  mit  Schellack aneinanderklebt. Der Zu- 
strom an Neulingen wird dadurch etwa auf den zehn- 
ten Teil vermindert. So m/ichtig ist die lockende Kraf t  
dieser winzigen Drfise. Es erscheint durchaus logisch, 
dab die Biene nur dann yon ihr Gebrauch macht, 
wenn sie auf der Wabe getanzt hat. Wenn bei schlech- 
ter Tracht die T/inze unterlassen werden, dann unter- 
bleibt auch das Ausstiilpen der Duftdrtise beim neuer- 
lichen Anfliegen des Weideplatzes; dann sind ja auch 
keine neu angeworbenen Helferinnen unterwegs, ffir 
die der Wink yon Nutzen w/ire. 

Bei meinen alten Versuchen fiber die Sprache der 
Bienen bot ich das Fut ter  stets in unmittelbarer N/the 
des Beobachtungsstockes, um die Vorg/inge auf den 
Waben und den Futterplatz  gleichzeitig im Auge be- 
halten zu k6nnen. DaB sich die ausschw/irmenden 
Neulinge in der N/ihe des Stockes rasch und in groBer 
Zahl, an entfernteren P15.tzen sp/iter und viel sp/irlicher 
einstellten, erschien nicht auff/illig. Vor zwei Jahren 
legte ich zum erstenmal einen Futterplatz einige 
hundert Meter vom Bienenstoek entfernt an u n d e r -  
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lebte  die grol3e ~be r ra schung ,  dab  nun die Neulinge 
in dieser En t f e rnung  sehr  ba ld  und zahlreich, in der  
N~ihe des Stockes  aber  viel sp~rlicher suchten.  Es  
schien so, als k6nnten  die T~inzerinnen auch sagen, 
wie weit  man  fliegen mug,  um die Fu t t e r s t e l l e  zu fin- 
den. Ich r ichte te  es nun so ein, dab  Bienen eines Be- 
obachtungss tockes  in dessen N~he, an e inem 12 m 

Fig. 4. Laufkurve der Biene beim Rundtanz. 

; 1 ; r '~ 

Fig. 5. Laufkurve der Biene beim SchwdMzeltanz. 

ent fern ten  Futtersch~ilchen, andere Bienen aus dem-  
selben Volk an einem fernen Schfilchen in etwa 300 in 
A b s t a n d  sammel ten .  Die einen waren durch einen 
blauen,  die anderen  durch einen ro ten  Tupfen auI dem 
Hinter le ib  auffal lend gekennzeietmet .  Als ich nach 
diesen Vorbere i tungen an beiden Pl~tzen gleichzeit ig 
F u t t e r  bot  und den Beobach tungss tock  6ffnete, t r au te  
ich kaum meinen Augen. Alle Nahsammle r  mach ten  
Rundti~'nze (Fig. 4), alle Fe rnsamnl le r  ffihrten Schwdn- 
zeltiinze (Fig. 5) auf. Beim Schw~tnzeltanz l~tuft die 
Biene einen Halbkre is ,  dann geradl inig zum Ausgangs-  
punk t  zurtick, einen Ha lbkre i s  nach der anderen  Seite, 
wieder geradl inig zurfick, usw. Beim Geradelauf  erfolgt  
jedesmal  ein Schw~tnzeln mi t  dem Hinter le ib .  Der  
Schwfinzeltanz erregt  genau so wie der  Rund tanz  das 
lebhaf te  Interesse  der  umgebenden  Bienen. Ich  ver-  
legte den nahen F u t t e r p l a t z  stufenweise in gr6Bere 
Entfernung.  Bei eineln Abs tande  yon 50-100 m gingen 
die Rundtf inze in Schw/inzelt~inze fiber. Ich b rach te  
gleichzeitig das  Fut terschSdchen der  Fe rnsammle r  
stufenweise immer  n~iher an den Heimats tock .  Zwi- 
schen 100 und 50 m wurden die Schwfinzelt~inze durch  
Rundt~inze abgel6st .  In  vielen weiteren Versuchs- 
reihen ha t  sieh sei ther  dieses Verhal ten  ausnahmslos  
best~t igt .  R u n d t a n z  und  Schw/inzeltanz s ind zwei 
verschiedene Ausdr i icke der  Bienensprache,  die auf  
nahe gelegene und  ferne Fu t t e rque l l en  hinweisen und,  
wie sich zeigen l~igt, yon den Stoekgenossen in diesem 
Sinne ve r s t anden  werden ~. 

1 Ich habe frfiher den Schwfinzeltanz als den Tanz der Pollen- 
sammler aufgefal3t. Der irrtum war dadurch entstanden, dab ich 
Zuekerwasser und Nektar stets in der Nfhe des Stoekes geboten 
hatte, wfihrend ieh die Ieieht kenntliehen Pollensammler bei ihrer 

Die Bienen geben e inander  genaue Kunde  yon der  
Ar t  der  en tdeck ten  Blfi tensorte,  sic ber ich ten  fiber die 
i3ppigkei t  der  Tracht ,  sic rufen be im  Anflug an die 
Fu t t e rque l l e  die anderen,  noch Unerfahrenen,  zu sich 
heran.  Sollte sich wirkl ich eine so differenzierte  Spra-  
che auf die Mit te i lung <<n~iher>> oder  <~weiter als 100 m 
vom Stock~> beschr~nken,  wo sich doeh die Sammel -  
flfige eines Volkes bis zu En t fe rnungen  yon 2-3 km aus-  
dehnen ? Diese l~berlegung gab Anlal3 zu vergleichen- 
den Beobaehtungen  fiber den Schw~inzeltanz bei  s tu-  
fenweiser Verlagerung des Fu t t e rp l a t z e s  bis an die 
Grenzen des Flugbereiches.  Es zeigte sich, dab  mi t  zu- 
nehmender  En t fe rnung  der  R h y t h m u s  des Tanzes in 
gesetzm~tl3iger Weise ge~indert wird. Bei e inem A bs t and  
der Fu t t e rque l l e  yon 100 In vol lz ieht  sich der Tanz  
in has t igen Wendungen ;  die kurzen,  rasch hinge-  
worfenen Schw~nzell~iufe wiederholen sich etwa zehn- 
mal  in einer Vier te lminute .  Je  gr613er die En t fe rnung  
des Weidepla tzes  ist, des to  ger inger  wird die Zahl  der  
Wendungen  beim Schw~inzeltanz, um bei einem Ab- 
s t and  yon 3 km auf  fast nur  zwei in einer Vier tehninute  
abzus inken (Fig. 6). Die t anzenden  Bienen drehen sich 
langsamer,  w~hrend gleichzeit ig der  geradl inige Schw~n- 
zellauf verl~ingert wird und an Naehdrf iekl ichkei t  ge- 
winnt.  So kann  man  mi t  der  Uhr  in der  H a n d  auf e twa 
100 m genau die En t fe rnung  angeben,  in der  die T~in- 
zerin gesammel t  hat .  

Die ausfl iegenden Neulinge haben  aber  nicht  nur eine 
gewisse Kenntn i s  yon der Ent/ernung der aufzusuchen- 
den Trachtquel le ,  sondern auch yon der Richtung, in 
der  sic gelegen ist. Ein Beispiel  mag  dies anschaul ich 
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Fig. 6. Der Rhythmus des Schw~inzeltanzes als Indikator ffir die 
Entfernung des Futterplatzes. Auf der Abszisse ist die Entfernung 
des Futterplatzes vom Bienenstoek, auf der Ordinate die Zahl der 
Wendungen beim Tanz (Zahl der Sehw/inzell/iufe) pro ~ Minute auf- 
getragen. (Mittelwerte aus den bisher vorliegenden Beobachtungen.) 

machen.  Bei B (Fig. 7) befand sich t in  Bienenstock.  
Bei F, 300 m in n6rdl icher  R ich tung  entfernt ,  wurden 
9 gezeichnete Bienen dieses Stockes auf  einer Unter-  
lage, die nach Thymian61 duftete,  1 S tunde  lang mi t  
Zuckerwasser  geffi t tert .  Alle Neulinge, die sich zu- 
gesellten, wurden abgefangen.  An verschiedenen Pl~it- 
zen der Umgebung  in gleicher wie auch in entgegen- 
gesetzter  Rich tung  lagen kleine K a r t o n p l a t t e n  im 
Grase, ohne Fu t t e r ,  aber  mi t  Th1?mianduft. Bei jeder  
sag ein Beobachter  und  z~ihlte die anschw~irmenden, 

natfirlichen Sammelt/itigkeit an weiter abgelegenen Trachtquellen 
zu beobaehten pflegte. Aueh Pollensammler machen Rundt/inze, 
wenn ihr ~Veideplatz n~her als 50 his 100 m, und Sebwgnzeltanze nur 
dann, wenn er weiter als 50 his 100 m vom Stock abliegt. 
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yon den T~tnzerinnen hinausgeschickten Bienen. An 
den entfernten Pl~itzen, die angen~ihert in der Richtung 
der Futterstelle lagen, kamen w~ihrend jener Stunde 
je fiber hundert, w~ihrend eine gleichartige Duftplatte 
in unmittelbarer N~ihe des Stockes wie auch solche, 

)7) 

Fig. 7. Versuch fiber die Riehtungsweisung. B Bienenstock, F Futter- 
platz in 300 m Abstand vom Bienenstoek; die Unterlage des Futter- 
schSlchens war mit  Thymian/51 versehen, a-!  Duftplatten mit  Thy- 
mian61, ohne Futter,  in verschiedener Entfernung und Richtung; 

in Klammer beigeffigt : die Zahl der angeflogenen Bienen, 

m6glichst fibersichtliche Ver.h~tltnisse schafft. Ich 
legte datum in aneinander schlieBenden Versuchs- 
reihen den Futterplatz genau siidlich, dann 6stlich, 
n6rdlich und westlich vom Stock an und beobachtete 
die T~inze zu verschiedenen Tagesstunden unter ge- 
nauer Beachtung des Sonnenstandes. Dabei offenbarte 
sich rasch eine sehr eigenartige Seite im Lexikon der 
Bienensprache : Befindet sich zur Zeit der Beobachtung 
der Futterplatz, vom Stock aus gesehen, in derselben 
Richtung wie die Sonne, so legen die T/inzerinnen auf 
der Wabe die geradlinige Tanzstrecke, den Schw~inzel- 
lauf, genau nach oben (Fig. 8 a). Liegt der Fut terplatz  
links vom Sonnenstande, so richten sie auch den 
Schw~inzellauf nach links, und zwar um jenen Winkel, 
um den sich die Stockgenossen nach links yon der 
Sonne halten m~ssen, urn an den Weideplatz zu kom- 
men (Fig. 8 b). Liegt der Fut terpla tz  rechts vom Son- 
nenstande, so wird um den entsprechenden Winkel- 
betrag nach rechts yon der Richtung nach oben ge- 
tanzt (Fig. 8c). Und liegt der Fut terplatz  genau ent- 
gegengesetzt zum Sonnenstande, so geht der Schw~in- 
zellauf auf der Wabe senkrecht nach unten (Fig. 8d). 
Diese Richtungsweisung nach dem Sonnenstande ver- 
sagt auch bei bedecktem Himmel nicht. Sie versagt 
aueh dann nicht, wenn man ein I3ienenvolk bei be- 
decktem Himmel in eine ihm unbekannte Gegend ver- 
setzt und den Versuch durchffihrt, bevor ein Sonnen- 
strahl durch eine Lfieke der Wolkendeeke hervor- 
brechen konnte. Daraus geht zwingend hervor, daB die 
Bienen den jeweiligen Sonnenstand auch zu erkennen 

die in groBer Entfernung, aber entgegengesetzter Rich- 
tung aufgelegt waren, nur vereinzelte oder fiberhaupt 
keine Besuche erhielten. Als der Futterplatz in einem 
anderen Versuch im Sfiden lag, wandte sich der Strom 
der Neulinge den sfidlichen Duftplatten zu und die 
n6rdlichen blieben unbeachtet. 

Bei aufmerksamer Betrachtung der Schw~inzelt~nze q) im Beobachtungsstock lfiftete sich der Sehleier, der 
fCirs erste fiber diesen Tatbestand gebreitet war. Bie- ra,,~ 
nen, die yon verschiedenen Seiten mit Bfirde beladen 
tleimkehren, laufen beiln Schw~inzeltanz die gerad- 

c 
linige Strecke, in welcher das Schw~inzeln erfolgt, in 
verschiedener Richtung. Bei allen T/tnzerinnen yon der- 
selben Sammelstelle ist der Schw~inzellauf gleichge- 
richtet. Er /indert aber seine Richtung mit der fort- 
schreitenden Tagesstunde. Er '~indert die Richtung um 
denselben Winkel, den die Sonne inzwischen durch- 
messen hat, aber mit  entgegengesetzter Drehung. Hier- ~ ,  i;;s 
aus war Mar, dab die T~inzerinnen bei ihrer Richtungs- 
weisung irgendwie auf den Sonnenstand Bezug neh- 

Tanz 
men. Ich suchte nun dem Sinn ihrer Tanzweise auf die 
Spur zu kommen. Auch einfache Dinge k6nnen, so- 
lange man sie nicht weiB, dem Verst~indnis Schwierig- 
keiten machen. Diese werden geringer, wenn man 
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Fig. 8. Vier Beispiele fiir die Richtungsweisung. Die Sonne steht 
sfidSstlich vom Stock. Die Skizze links unten in jeder Abbildung 
zeigt schematiseh, wie bei der angegebenen Lage des Futterplatzes 

der Schwfinzeltanz verl~iuft, ti 
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verm6gen, wenn er unseren Blicken durch Wolken ver- 
hfillt ist. Vielleicht liegt dieses R/~tsels L6sung in 
einem feinen Empfindungsvermagen ffir die Richtung 
der W/irmestrahlen, die ja durch eine Wolke hindurch- 
gehen, ohne nach allen Seiten zerstreut zu werden. Ge- 
wil3heit dartiber k6nnen erst ktinftige Versuche 
bringen. 

Was ich yon der Entfernungs- und Richtungsweisung 
gesagt habe, mag Ihnen phantastisch scheinen. Ich 
h&tte es nicht vorgetragen, wenn ice mir nicht bewul3t 
w~tre, vor meinem Bienenstock jeden Zweifler yon der 
Wahrheit der Sache fiberzeugen zu k6nnen. 

Vielleicht denken Sie, dab die Bienen meines Be- 
obachtungsvolkes sozusagen schon gelehrte Bienen 
sind, die sich nicht normal verhalten. Ich habe mich an 
herausgehobenen Waben eines gew6hnlichen Za~der- 
kastens fiberzeugt, dab seine Bewohner ebenso tanzen 
und ebenso die Richtung weisen. Mit einer solchen 
emporgehobenen Wabe in der Hand war ich versucht, 
dieselbe horizontal zu legen. Was wtirden dann die 
Tfinzerinnen machen! ? Es geschah etwas v611ig Un- 
erwartetes. Die Richtungsweisung nach dem Sonnen- 
stande, auf der senkrecht httngenden Wabe die allein 
m6gliche Art, wird auf horizontal liegender Tanz- 
fltiche abgel6st yon einer unmittelbaren Angabe der 
Richtung zur Futterstelle : Die geradlinige Laufstrecke 
des Schwtinzeltanzes weist direkt nach der Himmels- 
richtung, in der sich der Futterplatz befindet. Bei 
Drehung der herausgehobenen Wabe in der horizon- 
talen Ebene lfit3t sich die Ttinzerin den Tanzboden un- 
ter den FiiBen wegdrehen und h~ilt die Richtung ein, 
wie eine Kompal3nadel. Ich habe den ganzen Be- 
obachtungsstock horizontal gelegt und stundenlang 
den "I'/inzerinnen zugeschaut. Sie tindern nun die Tanz- 
richtung nicht mehr mit  dem wandernden Tagesgestirn, 
sondern halten bei ihrem Schw/inzellauf yon frfih bis 
abends die Himmelsrichtung ein, in der ihr Weideplatz 
zu finden ist. Man mug sich gegenw~irtig halten, dab 
ein Tanz auf horizontalem Boden keine unbiologische 
Zumutung bedeutet. Bei vorlagernden V61kern kann 
man Ttinze heimkehrender Sammlerinnen nicht selten 
auf der horizontalen Anflugfl~iche vor dem Flugloch 
sehen, und auch im Stock selbst, bei Waben, die nach 
unten nicht ganz ausgebaut sind, babe ich solche auf 
der inneren, horizontalen fl~iche des Wabenr/ihm- 
chens mehrfach beobachtet. 

Da wir nun wissen, wie sich die Bienen fiber Ent-  
fernung und Richtung einer gegebenen Ortlichkeit ver- 
sttindigen, wird auch eine jedem Imker  gelttufige Tat-  
sache begreiflich, die bisher in ein undurchdringliches 
Dunkel gehfillt schien: dab die Kundschafter eines 
Bienenschwarms, die Spurbienen, die eine geeignete 
Wohnung aufgespfirt haben, die Schwarmtraube ver- 
anlassen, sich aufzumachen und geraden Weges ihrer 
kfinftigen Behausung zuzufliegen, auch wenn diese in 
kilometerweiter Entfernung liegt, l~Ian hat auf der 

Oberflfiche einer Schwarmtraube tanzende Bienen be- 
obachtet. Ich glaube, dab solche T~inze nicht nur eine 
Aufforderung zum Aufbruch bedeuten, sondern dab sie 
ebenso, wie die Ttinze der heimkehrenden Samm- 
lerinnen, Mare Angaben fiber die Entfernung und Rich- 
tung des Ziels zum Inhalt  haben. 

Lange, bevor mir die zuletzt geschilderten Feinhei- 
ten der <~Sprache~> der Bienen bekannt waren, habe 
ich vorgeschlagen, ihr Nachrichtenwesen auszunfitzen 
und sie dutch ktinstlich ausgel6ste T~inze mit  ent- 
sprechender Duftparole rasch und in grol3er Zahl an 
bestimmte Bltiten hinzulenken, wo solches dem Prak- 
tiker erwiinscht ist. Ursprfinglich zur Steigerung der 
Honigernten beim Wanderbetrieb gedacht, ist dieser 
Vorschlag dann zuerst zur Verbesserung der Be- 
st~iubung und zur Steigerung der Samenernten bei 
Rotklee yon russischen Bienenforschern nach 1930 ffir 
die Praxis ausgearbeitet und bald mit  Nutzen in ihre 
Landwirtschaft eingeffihrt worden. Ich selbst habe 
reich in den letzten Jahren mit  Untersttitzung der 
deutschen Imkerschaft und einer grol3en Zahl yon 
Mitarbeitern dieser praktischen Auswertung zuge- 
wandt. Ohne hier auf technische Einzelheiten einzu- 
gehen, in denen wir, wie ich glaube, die russischen 
Versuche erfolgreich weiterentwickelt haben, m/3chte 
ich fiber Ziel und Weg der neuen Methode und fiber die 
erreichten ]grgebnisse nur das Folgende sagen: 

Rotkleeblfiten setzen keine Samen an, wenn sie nicht 
yon Insekten besucht und befruchtet werden. Lang- 
rfisselige Hummeln, die natiirlichen Best~iuber dieser 
Bliiten, sind zu spttrlic!l,lum an ausgedehnten Kulturen 
die Befruchtungsarbeit zu bewtiltigen. Bienen pflegen 
andere Blumen zu bevorzugen, weiI ihrem kfirzeren 
Rfissel der Nektar in den tiefen Kronr6hren des Rot- 
klees nur teilweise zugtinglich ist. Die Samenertrtige 
sind daher vielfach sehr unbefriedigend, die Be- 
schaffung des n6tigen Saatgutes ffir diese wichtige 
Futterpflanze ist in Frage gestellt. 

Man kann einen ausreichenden Beflug der Blfiten 
durch Bienen bewirken, wenn man etwa vier V61ker 
je Hektar  in der N/ihe der Felder zur Aufstellung 
bringt und sie durch ttiglich wiederholte Ffitterung 
mit kleinen Mengen Zuckerwasser unter Beigabe yon 
Rotkleeblfiten auf den Klee hinlenkt. Die geffitterten 
Bienen tanzen im Stock, sie duften nach Rotklee und 
machen dadurch bei ihren Kameraden Propaganda 
ffir den Besuch der Rotkleeblfiten. Feldversuche gro- 
Ben Mal3stabes sollten zeigen, wieweit sich auf diese 
Weise der Beflug und der Samenertrag steigern 1/iBt. 
Es wurden ffir jeden Versuch zwei Felder gew/ihlt, 
die in ihrer Gr6Be und Lage, in Bodenbeschaffenheit, 
Dfingung und Saatgut einander nach M6glichkeit ent- 
sprachen. An jedem wurde die gleiche Zahl von Bienen- 
v61kern aufgestellt. Der Abstand beider Felder war so 
grog gew/ihlt, dab jede Bienengruppe nur ihr Rot-  

411 



[15. X. 1946] KARL V. FRISCH: Die <~ Sprache~} der  Bienen u n d  ihre N u t z a n w e n d u n g  in der  L a n d w i r t s c h a f t  403 

kleefeld beflog u n d  das andere  ihrem Flugbereich ent- 
zogen war. Am Versuchs/dd wurde die Duf t lenkung  
durchgefiihrt.  Am Konlroll/eld erhielten die Bienen 
zu den gleiehen Zeiten genau gleiche Mengen Zucker- 
16sung, aber obne Beigabe von  Rotkleeblfiten. Aus dem 
Vergleieh beider Felder war somit die Wirkung  der 

Du/tlenkung erkennbar .  

In  12 solchen Feldversuchen wurde das duf tbelenkte  
Rotkleefeld ohne Ausnahme deutlieh st~irker beflogen, 
im Durchschni t t  drei- bis viermal so stark als das 
Kontrollfeld. Der Samener t rag  lag in neun  zahlen- 
m~igig kontrol l ier ten Versuchen auf den belenkten 
Feldern  im Durchschni t t  um rund  40% h6her als auf 
den zugeh6rigen Kontrol lfeldern 1. 

Dem Anwendungsbereich der Duf t lenkung auf dem 
Gebiete der Landwirtschaft  s ind aber die Grenzen wel- 
ter gesteckt. Auch der Besuch von Bltiten, die yon 
den Bienen schon ohne kiinstl ichen Anreiz gem be- 
flogen werden, kann  durch das Duft lenkungsverfah-  
ren einen gewattigen zus~itzlichen Antr ieb  erhalten. Die 
Salnmler innen beginnen ihre Arbeit  frtiher am Tage, 
si t  setzen sie liinger fort, s ind eifriger am Werke und  
fliegen auch bet verh~iltnism~igig ungtinstiger Wit-  
terung.  I n  sechs Versuehen an Raps wurden die be- 
lenkten Felder stets s t f rker  beflogen als die Kontrol l-  
felder. Der Samenert rag war in vier verwer tbaren Ver- 
suchen um 12-33% erh6ht. In drei Versuchen am nahe 
verwandten  Riibsen, der st~irker als Raps auf Fremd-  
best~tubung angewiesen ist, wurde auf den belenkten 
Feldern eine Steigerung des Samenertrags um 27%, 
44% und  51% erzielt. Auch bet Buchweizen scheint ein 
Erfolg in Aussicht zu stehen, doch bleiben hier, wie 
bet anderen landwirtschaft l iehen Nutzpflanzen,  erst 
weitere Versuche abzuwarten.  

W e n n  wir die Bienen auf Rotklee lenken und  sie hier- 
durch von anderen, lohnenderen Trachtquel len  ab- 
ziehen, so kann  es dem Imker zum Nachteil  gereichen. 
Im  Durchschni t t  war allerdings bet unseren Versuchen 
der Verlust dutch den gesteigerten Sammeleifer ausge- 
glichen, so dab der Bienenwir t  nieht  zu Schaden kam. 
Bet guten Trachtpf lanzen kann  eine sachgem~g durch- 
geffihrte Duf t lenkung ffir den Imker  yon grogem Vor- 
tell sein. Im  Vergleicl~ mit  ciner entspreckenden Zahl 
duftlos geffltterter Kontrollv61ker lieferten 71. auf 
Schwedenklee oder Wei/3hlee gelenkte V61ker durch- 
schnit t l ich einen Mehrertrag yon rund  25-50%, 77 auf 
Raps und  Riibsen gelenkte V61ker durchsehnit t l ich 
MehrertrSge von fund  20-40~ 39 auf Heidekraut ge- 
lenkte V61ker solche yon 13-34~ 9 auf Kohldisteln 
gelenkte V61ker Mehrertr~ge yon  35295% usw. Bet 

1 Bet e inem Z u c k e r v e r b r a u c h  y o n  3,5 k g  p ro  Volk  ffir eine ffinf- 
w6chige  L e n k u n g  e r fo rde r t  1 H e k t a r  Feldfl~iche 14 k g  Zueker ,  
oder ,  bet e inem Preis  y o n  1,10 Fr . ,  e inen K o s t e n a u f w a n d  y o n  
i5 ,40  Fr .  Bet e inem D u r c h s c h n i t t s e r t r a g  y o n  100 k g  pro  H e k t a r  
wi i rde  ein M e h r e r t r a g  y o n  40 k g  (bet e inem Preis v o n  6,60 F t .  fiir 
1 k g  Rotk leesamen)  e inen Mehrgewinn  y o n  r u n d  250 Fr .  p ro  H e k t a r  
bedeu ten .  

26* 

richtiger Anwendung  wird sich das Verfahren ffir den 
Imker  um so mehr lohnen, als ja der aufgewandte 
Zucker nieht  verlorengeht,  sondern der Entwicklung  
und  dem Er t rag  der V61ker zugute  kommt,  also in die 
Tasche des Imkers  zuriickkehrt .  

Das neue Verfahren in die Praxis  einzufiihren w~ire 
eine dankenswerte  Aufgabe fiir die b ienenkundl ichen  
Versuchsanstal ten.  D a n n  werden, wie es schon so oft 
geschah, die Fr~chte  ether theoret ischen Arbei t  der 
Praxis zugute kommen.  Sosehr ich dies hoffe und  er- 
warte, so gestat ten Sic mir doeh das Gest~ndnis:  die 
reinste Freude bleibt  die der Erkenntn is ,  fret vom 
irdischen Hauch einer nu tzbr ingenden  Auswertung.  

Suml~4ary 

If honey-bees find a feeding place, after re turn they 
report the discovery by dancing. The species of flowers 
from which they are coming is indicated by means of 
the flower-scent adhering to their bodies, and also by 
the scent of nectar brought into the hive within the 
honey-stomach. By a long flight the scent adhering to 
the outer surface is diminished. But  the scent within 
the h0ney-stomach is still the same. Therefore the 
scent of nectar (that is the specific flower-scent absorbed 
by nectar) is especially impor tant  if the feeding place 
is far away from the hive. 

Bees dance only in case there is plenty of food. Then 
the informed bees fly out and look for tile flowers having 
the scent indicated by the dancing bees. In  this way the 
number  of visiting bees increases, and the nectar be- 
comes scarce. Then honey collecting is still continued, 
but  there is no more dancing in the bee-hive and the 
number  of bees does not increase, so that  there always 
is the correct relation between the amount  of nectar 
and the number  of collecting bees. 

If the feeding place is at a distance of some hundred 
meters there are many bees seeking for food at that  
distance bu t  only a few seeking near the hive. By using 
an observation-hive the matter  could be cleared up. 
Bees collecting at a feeding place nearer than 50 to 100 m 
make round-dances (Fig. 4, p. 400). Bees coming from 
a feeding place more distant make tail-wagging dances 
(Fig, 5, p. 400). The tail-wagging dance not only indicates 
tha t  the food has been found at a distance of more than 
50--100 m, bu t  it also gives a very exact knowledge of 
the distance by the number  of turnings (Fig. 6, p. 400). 
Moreover the way to the feeding place is indicated by 
the direction of the straight run. Running  upwards 
means that  the feeding place is si tuated in the same 
direction as the sun. Running  downwards means that  
the opposite direction has to be taken for finding the 
feeding place. Running  to tile left in a certain angle to 
the direction upwards indicates tha t  in the same angle 
left of the sun the food can be found (Fig. 8, p. 401). 

Our knowledge about  the " language"  of bees can be 
used for leading bees to certain flowers /or which it is 
desirable to be more visited. In  this way the pollination 
and therefore the crop of red clover and other plants 
has been improved (on average about  40%) and the 
honey-production has been increased. 
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Predacious Fungi and Nematodes 
By C. L. DUDDINGTON* 

The existence of predacious fungi in the soil and 
elsewhere has been known since the classic paper of 
ZoPI~ (1888) 1 described the capture of nematodes by  
Arthrobotrys oligospora, Dactylella ellipsospora and 
others. Even before that  time, the characteristic net- 
works formed by  the reticulate Hyphomycetes  had 
been observed and recorded, though the function of 
these peculiar structures was not even guessed at. I t  
was not for nearly half a century after the appearance 
of Zol~F's paper, however, that  it was realized that  the 
predacious fungi are not occasional biological curiosi- 
ties, but common organisms that  form an important  
par t  of the micro-flora of the soil, rotting vegetation, 
dung and other habitats  where free-living nematodes 
abound. Even now we should probably know little 
about them but for the work of DRECHSLER 2-4 in 
America, whose observations on the predacious fungi 
during the last quarter of a century will go down in 
history as one of the classic researches in mycology. 

The predacious fungi that  a t tack nematodes fall into 
two categories: those that  capture their prey alive 
with the aid of various ingenious trapping devices, and 
those that  are internally parasitic in nematodes, effect- 
ing entry Into their host usually by  means of sticky 
spores that  adhere to the animal's body on contact and, 
when they germinate, intrude a germ tube through the 
integument of the host that  gives rise to an endozoic 
mycelium. 

Most of the nematode-trapping predacious fungi be- 
long to the Moniliales (Hyphomycetes), an Order of the 
Fungi Imperfecti.  They have a mycelium of colourless, 
septate hyphae on which the nematode traps are borne. 
The traps are of two main kinds: adhesive traps, by  

Fig. 1. Arthrobotrys oligospora. Diagram of a ne twork  wi th  a cap tu red  
nematode .  Note infect ion bu lb  and t rophic  hyphae  in the carcass of 

the capt ive .  

which tile prey is captured and held by means of a 
sticky secretion, and mechanical traps where no adhe- 
sive substance is needed. 

The best known of the adhesive traps is the sticky 
network, such as is found in A rthrobotrys oligospora, the 
commonest of all the predacious fungi. The structure 
and functioning of the traps has been described in de- 
tail by DRECHSLER 2. The networks are formed by short 
lateral branches from the mycelium that  curl round 
and join up to form loops (Figure 1) by anastomosis 
either with the parent mycelium or with other similar 
branches. The loops tend to 'be  orientated roughly at 
right angles to one another, rather like the semicircular 
canals of the mammalian ear, so that  a three-dimen- 
sional reticulum is formed. 

The surface of the networks only is sticky: there is 
no sticky material produced by the rest of the myce- 
lium. If a nematode happens to come into contact with 
any part  of a network it is held firmly, and it is possible 
to see that  a viscous adhesive fluid has been secreted 
by the cells of the network. The action of the sticky 
substance is highly efficient: a nematode seldom, if 
ever, escapes once it has been fairly held. 

Immediately after capture the captive struggles 
violently, pulling the mycelium of the fungus this way 
and that,  but without avail. In due course its struggles 
become less and less, until within two hours at the most 
it is quiescent and, apparently, moribund. The cause of 
death is uncertain: it may be that  a toxin is produced 
by  the fungus, but there is no evidence of this. 

Once the captured nematode has become moribund, 
invasion of its body by tile fungus begins. This process 
has been described in detail by  SHEPHERD 5. A swelling 
appears on the fungal network at the point where the 
nematode is held, and from this a minute outgrowth 
penetrates the integument of the animal and forms, 
inside its body, a globular infection bulb from which 

* Biological Laboratories ,  The Polytechnic,  London (England).  
1 W. ZoPF, Nova  Acta  Leop.-Carol. 52, 314 (1888). 
2 C. DRECHSLER, Mycologia 29, 447 (1937). 
3 C. DRECHSLER, Phy topa tho logy  31, 778 (1941). 
4 C. DRECHSLER, Mycologia 42, 1 (1950). 
5 A. M. SHEPHERD, Nature ,  Lond. 175, 475 (1955). 
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trophic hyphae grow out and fill the carcass, consuming 
its contents as they do so. In about twenty-four hours 
only the integument of the nematode is left, still at- 
tached to the network and filled with trophic hyphae. 
Finally, the contents of the trophic hyphae themselves 
are passed back to the parent mycelium. 

Other variations of the sticky trap are found amongst 
the predacious Hyphomycetes. In Dactylella cionopaga 
(D•EcHSLER) 4 nematodes are captured by short lateral 
branches of the mycelium that  are sticky and function 
in the same way as the sticky networks of Arthrobotrys 
oligospora. Each branch usually consists of one, two or 
three ceils (Figure 2), though sometimes they prolifer- 
ate and form simple networks: the complex three- 
dimensional networks shown by the reticulate species 
are, however, never formed. 

In Dactylella ellipsospora (DRECHSLER 2) the eelworm 
traps consist of small subspherical knobs attached to 
the mycelium by short, two-celled stalks. Here the 
knobs are sticky, and nematodes are captured by 
adhesion (Figure 3). The sequence of events following 
capture is the same with the sticky branches and 
stalked knobs as with the networks: when the captive 
is dead or moribund its integument is penetrated by 
a slender process that gives rise to an infection bulb 
from which trophi~ hyphae arise and consume the 
body-contents of the nematode. 

The mechanical traps, which do not depend on the 
production of a sticky secretion for their operation, 
are of two kinds: non-constricting rings and constrict- 
ing rings, the latter being both commoner and more 
effective. The best-known fungus with non-constricting 
rings is Dactylaria candida (DRECHSLER2).  The rings 
are formed by slender lateral branches that curl round 
and join up with themselves, forming three-celled 
rings attached to the mycelium by usually three-celled 
stalks (Figure 4). The internal diameter of a ring is 
such that,  if a wandering nematode accidentally 
pushes its anterior end into the opening, it gets wedged 
in trying to force its way through, Capture is followed 
by the intrusion of trophic hyphae into the body of the 
captive, and the absorption of its body-contents, in 
the usual way. 

The action of the non-constricting ring is entirely 
passive: there is no secretion of sticky material as far 
as we know, and the nematode is captured and held 
simply because it has, by its own misguided efforts, 
jammed its body into the ring. The constricting ring, 
on the other hand, captures nematodes by positive 
action. It  works on the principle of a rabbit snare, or 
the lassoo of an American cowboy. A nematode that  
thrusts its anterior end into a constricting ring is 
gripped by a sudden inflation of the ring cells, and 
held as in a garotte. 

Predacious fungi with constricting rings are very 
common: Dactylaria gracilis (DuDDINGTON e) is an ex- 
ample. In appearance, the constricting ring is very 

% 

J 
Fig. 2. Dactylella cionopaga. Diagram of part of the mycelium, with 

adhesive branches. Two nematodes have been captured. 

Fig. 3. Dactylella ellipsospora. Diagram of part  of the mycetium, 
showing three adhesive knobs and a captured nematode. 

Fig. 4. A non-constricting ring of Dactylaria candida. 

Fig. 5. Dactylaria gracilis. Diagram of part  of the myeelium with one 
ring in its 'open' state and another, in side view, that  has captured a 

nematode. 

C. L. DUI)I)INGTON, Trans. Brit. mycol. Soe. 34, 194 (1951). 
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like the non-constricting ring, and it is formed in much 
the same way, by a short lateral branch of the myce- 
lium curling round to form a three-celled ring on a 
stalk (Figure 5). The constricting ring is, however, 
somewhat s touter  in construction than the non- 
constricting ring, and its stalk is shorter, consisting 
normally of only two cells. 

The three cells that make up a constricting ring are 
sensitive to touch on their inner sides. When a nema- 
tode introduces its body into a ring, the contact 
stimulus asdt rubs against the ring cells is sufficient to 
trigger off the mechanism. The ring cells suddenly 
inflate inwards, greatly reducing the size of the opening 
of the ring and gripping the unfortunate nematode so 
tightly that  its body is deeply constricted by the pres- 
sure of the inflated ring cells. The action of the cells is 
very quick: after a lag phase of a few seconds, the 
actual swelling takes only about one tenth of a second. 
The captured nematode struggles violently for a time 
after the ring has closed on it, but its movements 
become progressively weaker. When it has ceased to 
struggle, trophic hyphae grow from the ring cells into 
its body and consume its contents. 

All the predacious fungi so far described are members 
of the Moniliales (Hyphomycetes), and they all appear 
to be closely related to one another. Another small 
group of nematode-capturing fungi is found in the 
Zoopagales, an Order of Phycomycetes showing strong 
taxonomic relationships with the Mucorales. The Zoo- 
pagales have non-septate hyphae, reproduce asexually 
by means of conidia borne singly or in groups on erect 
aerial fertile hyphae, and in many cases show sexual 
reproduction of a typically zygomycetous type. Most 
of the Zoopagales are predacious on amoebae and other 
Protozoa, but a number of species capture nematodes. 
No specialized organs of capture are formed: the prey 
is captured by adhesion, the mycelium apparently 
being sticky all over its surface. A typical example is 
Stylopage grandis (DuDDINGTON 7). Here the mycelium 
consists of a fairly stout, non-septate hyphae that 
branch occasionally. Nematodes coming into contact 
with the hyphae are held by a sticky secretion, and 

. , - ~  ,:: ...;.:.?G . . . . .  

Fig. 6. Diagram of a nematode captured by the adhesive mycelium 
of Stylopage grandis. 

capture is followed by the intrusion of trophic hyphae 
into the body of the victim, as in the Hyphomycetes 
that capture nematodes with sticky traps (Figure 6). 

The nematode-trapping Hyphomycetes are not de- 
pendent on nematodes as a source of food, for when 
isolated into pure culture they will grow freely on most 
of the normal media used for cultivating fungi. Grown 
without nematodes, they do not usually form their 
characteristic traps, but, if nematodes are added to 
the  cultures, traps are quickly formed and nematodes 
are captured. I t  is not even necessary to add living 
nematodes to the cultures, for most of the nematode- 
trapping Hyphomycetes that have been tested will 
form traps if given sterile filtered water in which 
nematodes have lived. I t  seems clear that trap forma- 
tion can be initiated by a chemical stimulus, in this 
case a substance, the nature of which is at present 
unknown, that has diffused out of nematodes into the 
water surrounding them. 

Nematode-trapping Hyphomycetes will sometimes 
form traps spontaneously in pure culture, without the 
addition of any stimulating substance: the fungi with 
constricting rings are especially prone to do this. The 
reason for this behaviour is as yet unknown, but recent 
work (FEDER, EVERARD and DUDDINGTON s) suggests 
that these fungi are heterocaryotic with regard to the 
Capacity for spontaneous ring formation. 

Fungi with constricting rings will form rings in pure 
culture in response to the presence of a wide variety 
of different substances (RouBAUD and DESCHIENS 9, 
LAMyI~ The substances that gave positive reactions 
included blood serum of the horse and other animals, 
and aqueous extracts of various animal organs. Plant 
extracts were not effective. 

The network-forming Hyphomycetes are less prone 
to develop their traps in pure culture, though they 
sometimes do so for no apparent reason. They will, 
however, produce networks fairly readily if treated 
with sterile filtered water in which nematodes have 
lived (COMANDON and DE FONBRUNE al, 12). PRAMER a n d  

STOLL 13 obtained and partially purified a substance 
from nematode cultures containing an active principle 
that stimulated network formation in Arthrobotrys spp., 
and to this hypothetical stimulant they have given the 
name 'nemin'. 

The physiology of the operation of the constricting 
ring traps of the predacious Hyphomycetes has cap- 

C. L. DUDDINGTON, Myeologia 47, 245 (1955). 
s W. S. FEDER, C. O. R. ]~VERARD, and C. L. DUDDINGTON, Science 

lsl, 9~2 (1960). 
E. ROUBAUD and R. DESCmE~Cs, C.R. Acad. Sci. Paris 209, 77 
(1939). 

10 L. LAMY, C. R. Soc. Biol. Paris 137, 337 (1943). 
11 j .  COMANDON and P. DE FONBRUNE, C. R. Soc. Biol. Paris 129, 619 

(1938). 
12 j .  COMASDO~ and P. DE FONBRUNE, C.R. Acad. Sci. Paris 207, 

304 (19a9). 
la D. PRAMER and N. R. STOLL, Science 129, 966 (1959). 
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tured the at tention of a number of workers. Couch 14 
failed to induce closure of the rings of Dactylella bembi- 
codes by passing a fine micromanipulator needle into 
them,  an observation that  is contradicted by COMAN- 
DON and DE FONBRUNE 11, who showed conclusively 
that  the rings would close in response to a mechanical 
stimulus such as stroking the inner edges of the ring 
cells with a fine needle. The French workers also 
showed that  the outer edges of the ring cells are insensi- 
tive to tactile stimuli. COUCH14 showed that  the rings 
could be closed by the application of moderate heat, 
either by  dropping warm water on to them or by  
holding a hot scalpel near them; this observation was 
confirmed by  MULLER 15. 

The most striking feature of the action of the con- 
stricting rings is their great speed in closing. When 
suitably stimulated the ring appears to undergo a lag 
phase of several seconds, after which the ring cells 
suddenly inflate inwards, the time needed for the 
actual inflation being no more than one tenth of a 
second. When fully inflated, the ring cells occupy 
about three times their former v o l u m e -  a very con- 
siderable increase. No completely satisfactory explana- 
tion of this sudden and rapid inflation has yet been put 
forward, but some observations by MULLER 15 on the 
osmotic relationships of the ring cells are interesting. 
MULLER found that,  after inflation, the osmotic poten- 
tial of the cells was approximately the same as it was 
before inflation took place, in spite of the fact that  the 
volume of the cells had increased threefold. This sug- 
gests that  osmotically active material  must be rapidly 
produced in the cells either during or immediately after 
inflation, and he favours the view that  the swelling is 
due to a relaxation of turgor pressure in the cells 
brought about by  a change in the elasticity of the 
inner cell wall, followed by the production of osmotic- 
ally active material within the cell to counterbalance 
the intake of water. This theory is plausible, but needs 
confirmation, especially in view of the fact that  MUL- 
LER, in his experiments, slowed down the rate of closure 
of the rings one hundredfold by t reatment  with sugar 
solution. 

The predacious fungi that  are internally parasitic in 
nematodes form a group distinct from the nematode- 
trappers. Here the mycelium of the fungus is entirely 
endozoic, only the fertile hyphae that  bear the spores 
emerging from the body of the host. Some of these 
fungi are extremely common: Harposporium anguil- 
lulae (LOHDE is, KARLING17), for instance, is to be 
found in fertile soils over a wide area in this country 
and abroad. 

A typical example of a hyphomycete internally para- 
sitic in nematodes is seen in Acrostalagmus obovatus 
(DRECHSLER3), a species that  is very common in soil. 
The small spores of the fungus adhere to the integu- 
ments of nematodes that  come into contact with them. 
On germination, the spore puts out a germ tube that  

penetrates the integument of the nematode and gives 
rise to an extensive mycelium of branched, septate 
hyphae within its body. As the mycelium of the para- 
site develops the body-contents of the host are con- 
sumed, until finally the carcass of the nematode is 
filled with hyphae. As this stage approaches, the 
reproductive phase of the fungus begins. Branches 
from the internal mycelium penetrate the integument 
of the host in an outward direction, and grow into 
procumbent fertile hyph~e, on which numerous flask- 
shaped phialides are formed. Each phialide produces 
up to twenty small, obovate spores, which cohere in a 
bunch round the neck of the phialide (Figure 7). The 
spores are leadily picked up by  passing nematodes, 
and in this way the parasite is dispersed. 

In Acrostalagmus obovatus, as in other Hypho- 
mycetes, sexual reproduction is unknown. 

Fig. 7. Acrostalagmus obovatus. Body of an infected nematode, with 
internal mycelium and three emergent fertile hyphae bearing 

phialides and spores. 

c d 

Fig. 8. Protascus subuli[ormis, a, Spores sticking to the anterior end 
of a nematode, b, Young thallus in the body of a nematode, c, a 
young sporangium, and an old sporangium that  has discharged its 

spores, d, a developing zygospore. 

14 j .  N. COUCH, J. Elish a Mitchell Sci. Soc. 53, 301 (1937). 
15 H. G. MULLER, Trans. Brit. mycol. Soc. 41, 341 (1958). 
an G. LOHDE, Einige neue parasitische Pilze. Tagcblatt  der 47. Ver- 

sammlung deutscher Naturforscber und )~rzte in Breslau (1874), 
p. 203. 

aT j .  S. KARLINC, Mycologia 30, 517 (1938). 

417 



15. xII. 1962 Articoli riassuntivi - Surveys 541 

A small but interesting group of fungi that are 
endozoic in nematodes is found in the Lagenidia]es, a 
primitive Order of Phycomycetes most of which are 
parasitic in fresh-water algae. Protascus subuli/ormis 
DANGEARD 18, KARLING 19) is a not uncommon example. 
Here the spores are club-shaped and slightly curved 
(Figure 8), and they adhere to the bodies of nematodes 
by their pointed ends, which appear to be sticky. When 
a spore germinates, the germ tube penetrates the in- 
tegument of the nematode and forms a naked proto- 
plast within its body. This grows at the expense of the 
body-contents of the nematode, forming an elongated 
thallus. Multiple infection from a number of spores is 
common. 

As the thallus of the fungus grows it forms a wide, 
irregular filament, which eventually becomes septate. 
Finally, the thallus fragments at the septa. Each seg- 
ment then becomes a sporangium in which the cyto- 
plasm divides up to form a large number of spores: an 
exit tube grows out through the integument of the 
host, and the spores are discharged to the exterior. 
Sometimes the fungus undergoes sexual reproduction, 
adjacent segments functioning as male and female 
gametangia and conjugating with one another, the 
contents of the male gametangium passing through a 
conjugation tube into the female gametangium. Con- 
jugation is followed by the formation of a thick-walled 
zygospore. 

Protascus subuli/ormis is unusual in that its asexual 
spores are non-motile, whereas in most of the Lageni- 
diales they are motile zo6spores. I t  seems likely that 
this is connected with the type of host : nematodes are 
motile and gregarious, and it is reasonable to suppose 
that, in attacking such prey, motile spores would 
carry no advantage, and might well be inferior to 
sticky aplanospores. I t  is worthy of note that most of 
the Lagenidiales that parasitize nematodes have non- 
motile spores. 

Various other species of lower fungi are internally 
parasitic in nematodes: descriptions of these can be 
found in the literature (DuDDINGTON 2~ SPARROW21). 

Unlike the nematode-trapping Hyphomycetes, the 
endozoic predacious fungi appear to be obligate para- 
sites: there are no fully-confirmed accounts of their 
isolation into pure culture. The same applies to nema- 
tode-trapping species of Zoopagales such as Stylopage 
grandis. 

Until recently, the occurrence of nematode-attacking 
predacious fungi in the soil had not been closely studied, 
though it has been known that they are abundantly 
represented. LINFORD and OLIVEIRA 22 found no less 
than seventeen different species in soil from Hawaiian 
pineapple fields, and a survey of predacious fungi from 
British arable soils (DUDDII~CTOI~ 23) produced eighty- 
two records from forty-nine samples, at least twenty 
different species being represented. The predacious 
fungi are, in fact, an important fraction of the natural 

biome of the soil. They are probably absent from ex- 
treme mineral soils whexe there is a marked lack of 
organic matter, such as the soil of Wareham Heath, 
Dorset (England), and in my experience the acid peats 
are also inhospitable to them, though they contain 
plenty of free-living nematodes. 

The state of activity of the nematode-trapping fungi 
in the soil has long been a matter of speculation. Most 
of these fungi can live and'reproduce freely without 
nematodes if supplies of nourishment are sufficient; 
they are facultative saprophytes, and may even be 
facultative predators, depending on a diet of nema- 
todes only when food is limited. Since the abundance 
of predacious fungi in the soil may be a biotic factor 
of some importance in the lives of soil nematodes, this 
is a matter on which information is badly needed. 

Shortly before the second world war, LINFORD et al. 
in Hawaii, working on the biological control of the 
pineapple root-knot eelworm, showed that the efficacy 
of predacious fungi in keeping down the soil population 
of root-knot eelworm was greatly enhanced by the 
addition to the soil of easily-decomposable organic 
matter such as chopped green pineapple tops (LIN- 
FORD24, LINFORD and YAPP 25'26, LINFORD, YAPP and 
OLIVEIRA27). This effect of organic matter on preda- 
cious fungi has been confirmed by more recent work 
in England (DUDDINGTON 2s, DUDDINGTON and DUT- 
HOIT 29, DUDDINGTON, DUTHOIT, and EVERARD 30). LIN- 
FORD advanced the theory that the stimulating effect 
of organic matter on soil predacious fungi was an 
indirect one, postulating that the presence of the 
organic matter produced a great increase in the num- 
bers of free-living nematodes, and that the rise in the 
nematode population then reacted on the fungi. For 
many years this view was generally accepted, but 
recent work by COOKEal indicates that it is no longer 
tenable. 

COOKE investigated the effect of organic matter on 
the activity of predacious fungi in the soil l~y an 
ingenious agar disk technique. COOKE buried disks of 

is p .  A. DANGEARD, C. R. Acad .  Sci. Par is  136, 627 (1903). 
19 j .  S. KARLING, Simple Holocarpic BiJlagellate Phycomycetes (New 

York 1942). 
20 C. L. DUDDINGTON, Biol. Rev. 31, 152 (1956}. 
21 F. K. SPARROW, Aquatic Phycomycetes, 2nd ed. (University of 

Michigan Press, Michigan 1962). 
22 M. D. LINFORD and J. M. OLIVEIRA, Phytopathology 28, 14 (1938). 
23 C. L.  DUDDINGTON, Na tu re ,  Lond .  173, 500 {1954). 
24 M. B. LINFORD, Science 85, 123 (1937). 
25 M. B. LINFORD and F. YAPP, Phytopathology 28, 14 (1938). 
26 M. B. LINFORD and F. YAPP, Phytopathology 29, 596 (1939). 
27 M. B. LINFORD, F. YAPP, and J. M. OLIVEIRA, Soil Sci. 45, 45, 127 

(1938). 
28 C. L. DUDDINGTON, The Friendly Fungi (Faber and Faber, London; 

The Macmillan Company, New York 1957). 
29 C. L. DUDDINGTON and C. M. G. DUTHOIT, Plant Pathology 9, 7 

(1960). 
30 C. L. DUDDINGTON, C. M. G. DUTHOIT, a n d  C. O. R. EVERARD, 

Plant Pathology 10, 108 (1961). 
31 R.  C, COOKE, N a t u r e ,  Lond .  191, 1411 (1961). 
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agar in soil contained in large petri dishes under care- 
fully controlled conditions, and enriched the soil with 
various quantities of chopped cabbage leaf. The agar 
disks were removed each week and replaced with fresh 
ones: in this way COOKE was able to study the be- 
haviour of predacious fungi in his soil samples over a 
period of time. 

The results obtained by COOKE were most interest- 
ing. He found that  the addition of chopped cabbage 
leaf to the soil produces a dramatic increase in the 
population of free-living nematodes. He also found, 
on studying the fungal flora of his agar disks, that  the 
activity of predacious fungi, as indicated by the num- 
ber of traps formed, increased to a notable extent. On 
comparing the effects of organic amendment of the 
soil on the nematode population and on the activity of 
predacious fungi, however, a discrepancy appeared. On 
the addition of the chopped cabbage leaf to the soil, 
the figures for nematode population and fungal 
activity rose together to a maximum. The activity of 
the fungi then rapidly fell away, while the increase in 
nematode population was maintained for several 
weeks, declining only slowly. At a time when the 
activity of the predacious fungi had dropped back to 
its former value before organic amendment,  the eel- 
worm population was still very high--higher, in fact, 
than it was when predacious activity was nearing its 
peak. I t  did not look as if the increase in predacious 
activity was due solely to the increase in nematode 
population, for if that  had been the case the fungal 
activity should have remained high as long as the 
increase in nematode population was maintained. 

COOKE then tried sucrose as a soil amendment in- 
stead of chopped cabbage leaves, and here his results 
were even more striking. He found that  the addition 
of sucrose produced a sharp rise in the activity of 
predacious fungi, without a corresponding increase 
in the nematode population. In this case the increase 
in predacious activity could not possibly be attr ibuted 
to increased numbers of nematodes. 

In view of COOKE'S results, it is impossible to retain 
LINFORD'S hypothesis that  the stimulating effect of 
organic mat ter  on the activity of soil predacious fungi 
is simply a function of the Iise in nematode population 
that  follows the addition of easily-decomposable or- 
ganic mat ter  to the soil. We must look for some other 
explanation. I t  looks as if the organic amendment of 
the soil has some direct action on the predacious 
fungi, but what that  action may  be we cannot even 
guess. Further work is badly needed to elucidate this 
point. 

LINFORD and COOKE agree on one very interesting 
point. Both found that  there was an opt imum amount 
of organic soil amendment  for the activity of preda- 
cious fungi. If  this opt imum was exceeded, the activity 
of the fungi fell off. The reason for this has not yet 
been explained. 

In view of the fact that  predacious fungi are abund- 
ant in soil, it is not surprising that  a number of workers 
have seen in them a possible means for the biological 
control of nematodes that  a t tack crops. The first work 
in this field was carried out by LINFORD et al. 22, 24-27, 

working on the pineapple root-knot eelworm in Hawaii. 
They found that  direct inoculation of the soil witb 
cultures of five different predacious Hyphomyeetes 
was ineffective, but that  incorporation of chopped 
green pineapple tops into the soil produced a useful 
degree of control, which they at tr ibuted to the in- 
creased activity of soil predacious fungi. This work 
was given up shortly before the outbreak of World 
War II, and was not resumed. 

During the war, a great deal of work on the use of 
predacious fungi for the control of nematodes, both in 
plants and animals, was carried out in France. This 
work has been summarized by  DOLLFUS 3~. Most of the 
French work was concentrated on methods of growing 
the fungi in bulk, and on demonstra t ing that  they 
could effectively at tack pathogenic nenlatodes and 
that  they were harmless to crop plants and domestic 
animals. Only two experiments on nematode control 
were carried out, both of which were  inconclusive 
owing to their small scale. 

Experiments on the biological control of nematodes 
by predacious fungi in England began in 1951, and are 
still in progress. Initially, the work was mainly con- 
cerned with the control of the potato root eelworm 
(Heterodera rostochiensis), and a preliminary series of 
pot experiments confirmed LINFORD'S observation that  
the activity of the fungi was much affected by the 
presence of organic mat ter  in the soil. The results of 
experiments in the field were inconclusive, though 
indications that  the fungi might be of potential value 
were obtained (DuDDINGTON2S). LateI trials with 
cereal root eelworm (Heterodera avenae) in oats again 
confirmed LINEORD'S experiments on the effect of 
organic matter ,  and demonstrated that  the use of pre- 
dacious fungi in conjunction with organic soil amend- 
ment produced a marked reduction in the number of 
Heterodem larvae invading the roots of oat seedlings 
(DuDDINGTON and DUTHOIT 29, DUDDINGTON, D u -  

THOIT, and EVERARD3~ 

In a recent series of trials, HAMS and WILKIN 33 used 
cultures of predacious fungi grown in deep culture. In 
pot experiments against potato root eelworm, pea root 
eelworm and cereal root eelworm, the incidence of 
nematode at tack on the plants was reduced, but later 
experiments on a field scale were inconclusive. The 
design of the field trims, however, and the method of 
assessing the results, were not beyond criticism. 

33 R. P. DOLLFUS, Parasites (animaux et vdgdtaux) des helminthes 
(Lechevalier, Paris 1946). 

33 A. F. HAMS and G. D. WILKIN, Ann. appl. Biol. 49, 515 (1961). 
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In recent years, a great deal of work has been done 
in Russia on the biological control of nematodes by 
predacious fungi, and some interesting and encourag- 
ing results have been reported. The work has been 
monographed by SOpRU~OV ~. In a more recent paper, 
SOPRUNOV and TENDETNIK ~ state that  they have 
found Arthrobotrys oligospora and A. dolio/ormis the 
most useful fungi for eelworm control, and recommend 
chopped maize and oatmeal as the best culture sub- 
strates. After growth and sporulation of the fungi the 
cultures are dried and powdered, and the authors claim 
that  a powder with tip to 2000000 spores/g is effective 
and can be produced at a cost of about 4.50 roubles/kg. 
The value of the Russian work is difficult to assess at 
present, but, if their results are substantiated, they 
appear to be well ahead of tile rest of the world in the 
field of biological control of nematodes. 

In the United States, intmest in the use of preda- 
cious fungi for the control of soil nematodes has recent- 
ly been aroused, and a number  of very able workers 
have entered the field. I t  is as yet too soon to evaluate 
what is going on, but  if the vigorous American at tack 
on the problem continues it is unlikely that  the Rus- 
sians will hold their lead for long. 

Zusammen/assung. Die zahlreichen, sich von Nema- 
toden ern~ihrenden Pilzarten zerfallen in zwei Gruppen. 

Die eine Gruppe fiingt die Wfirmer mit  klebrigen, netz- 
oder knopff6rmigen Mycelien oder mit  Zellringen, in 
denen sich die Nematoden verfangen oder dutch pl6tz- 
liches Quellen des Ringes akt iv festgehalten werden. 
Die zweite Gruppe dringt von am Wurm haffenden 
SForen in seinen K6rper ein. 

Die Pilzmycelien besitzen keine Fangeinrichtungen, 
wenn sie ohne Nematoden geziichtet werden. Zugabe 
yon sterilem Wasser, in dem sich frt~her Nematoden 
aufgehalten hatten, bringt die Wurmfallen zur Ent-  
wicklung. Auch zahlreiche andere Substanzen, wie 
Pferdeserum oder witssrige Ausztige verschiedener tie- 
fischer Organe wirkt bei den Formen mit quellbaren 
Fangringen als Bildungsreiz. Es wurde ausserdem fest- 
gestellt, class gewisse organische Stoffe ihre Aktivit~it 
im Nematodenfang betr~ichtlich erh6hen. 

Nematodenfangende Pilze sindhitufige Bodenbewoh- 
net und ihre Bedeutung als Nematodenvertilger ist 
erwiezen. Es sind Versuche im Gang, sie fiir die biolo- 
gische Kontrolle von Feldwtirmern auszunutzen, die 
als Erreger yon Pflanzenkrankheiten sch~idtich sind. 

a~ F. F. S O P R U N O V ,  Predacious Fungi--Hyphomycetes and their Appli- 
cation in the Fight against Pathogenic Nematodes (Ashkabad 1968). 

~ F. F. SOeRU~OV and Yu. Y*. T E N D E T N I K ,  Trud. ge l 'mint  Lab. lO, 
19~ (19~0). 
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~}_ ~,f~,~ ~,;o ~o >:.< k n i hird: . ;c i f i ; -g  du~<i~ da:, ~>h:/ck~rikum 

, : { V,[~ ; .~  ~ N ] , b ~ k H  b.,: ~) l i I H l  C 

v<m A a~:~f ]:~ b ~ < ! b , g < ?  wa~.: eb?e Nac%t i eL : rung  v o ~  

(:~ u n d  d des- ~<~nder~s~.ors  <:NoKh:~rt z u r  Allfrechtc~..  

th!~ferur, 8 v o >  Hie tlizit{;;~ a u c h  c,~m:t die Ent;ls.<h.u~g 
in~ ( s~r;<~i~ s e l f  :~:ascl). ;~b!~uft,  o h n e  vori,ibergd'~n<R~.s 
Abilk(m ~{,n <[~ -~;<u: si{<h. []ehc.~ whd augesid~.ts d{r 
[ [~r  i15~< m '~d ,Pq<< . . . . .  { h r  <raH;[>~nS.i{ri~,u }il<4<tr}zit if ~:qs s<q~r 
w a r n <  e in l i ch  ~.ra.chct,  d xra <k:r i~> E R } c h s p a n r n m g  
stromkr<is ~r ~';~r)~]l~ d~r <] [1 liis (I(3~1 (~%s{tu, t., 

]a'.].ung<~ ~t~s~flth:r(~A]d<m ~ KG[sgtror~l t~itl-tii]t~ hat <?i{H 
~ht[~.rk<~ i] der{ r{sseH~rd ~us@ v<,~ nut ]0 s [>!{ ](} '{ tt}A 
p r o  c m  ~ [<onde~s-~K)rDik:he~ 'l>{ts~tchHch habc~., Sm<st~~<}< 
u n d  lh~'.,<m~ ~ in  Versucl t -e~ m h  s t i l i c r  ()[ekfiriscb<,r } ( n l ;  
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34 Nouveaux livres - Recensioni [ExPERIENTIA VoL.Vlll /I]  

Deso/sdere desDalb, w( i i  die N > ss~r~!,]<Ir~{ur ers 
,<sis:  :~lle lqx~ravs, ga~::<,~ v<sgr~es ~;~<:~ d e ~  t<q~Lige> 
'= !~,~i{" ()(],@~ %%:[1i~(>',q]' s ]i], R ( OI}F>I{ICt/(? :l:()lg~2 
!)s i~}~ ~s d(i:~fL( es d e m  }t}x. sur a! }er  ~:< c~ > ( ) g  s 

I =' G ~x i):x 

C c ~ ~ p s r s ~ 4 v e  A~s163 P h y s i o i , o S 3  

Biy (Z L~ F>o>s:r~_ 

a~sd [ . x :>sd)~  1 )50)  (6~ / . )  

s ;~ ~? ~(/{(i"s162 l)<)()i<orl coi:(~i?8.<~'Is 
:s ces: ' :ai ;s~ v<r)  w<{<om-~ < i~ s s s 5 a t ' ~ a  

~v~:!~ as: :tTor {lle lr162 aD & soH~Tce os /(Isfc)ri~ ~gio~ 
as!(! iTeg'O}+<'l: ( (%= ",;'/ig~i(:)1 { <~ )t:l{}8 !1iS ~2.~'~I i . *  )e<s  ILi;:,>]y 
~x:x:;o/:~s!>}i;M>I WlaiI<: DsMI )<)x:~{i<-e . . . .  ~:a;,, 

&]( o{atlizt<~! ~<[  v/is,,>~s:ed, I{ !~as ~e>.for,< rile ~,dded 

Tt~el>:x>k (~e <):~{~ii::oft]a< c:o<~>er {,,>, o:ffiv{ >!~y~.,i~> 
,obU> :.,. o8.(;I/ o/>: I ~ ~11/E. x',']{:]~ 2.~ 
}~ c~.4 : \ \  ~.~:r: I~?orga~?ic ion>. ; ?~:otoia ,st>) "!~JcJI:} ; N72.%'i 
~i<n? ; Fr(-.E~?g a.~Id 4~,:c~tioe ; ~\i-~ro;.~e~'., ex(rekioa : 

C:*TcuAv~<>l;v ol" I><><y ~I ds; 3 ~r a <l <.>ieeCrc ov}~a : 
q ~ ~4A:>;id >>'>s<,~ "<:e~L,~ Nervo~ s svs{<x'~ (C. L, g>vo,~;s~">) 
!<<%i-a~:k)/~ a>d ~ctdx:iIis~ ( ) ,  '~'/ }~ss:o~:*} P? ; o to  

; ( ;  "~o~c>s ('t, { ,  , ~},,::, 
{ 

(V~ J, \~',"L*~> a~d C. ! .  F'~ ;>,;}-;~a}; CiBa; i ' r s  

t ><>:v x~ Jr,)o 
(;<xxs(iei~i>:~ !; ;11~ s ( -good  ~a~t ; i<s  i;s<~e>'lsdesis A< 

I:/~{~ s<)~r~e iss<xa< ii:~(<, (~  s L( ~c](/ad~ Lhc s .s 
5<~;.A< s:.,~s s>s~ ~/. i s P~_ochr}rdaLcs i/~;. 200 s~{i. "I)<bi 48,  

!)~{ i s 2':) } :;t?( ld bc c i i ' t  t i : [  : i  ~;i.: 
i~{.'~{ < : ( { l { i > ~  ,X,, ) ~ ( ) N R ( ) Y  

I n f o r m a t i o n s  - I n f o r m a t i o n e n  - I n f o r m a z i o n i  - N o t e s  

E X P L I C A T I O N E S  

Z u r  K l i m a ~ i n d e r u n g  d e r  G e g e n w a r t  

1}ber die in den  l e t z t en  J a h r z e h n t e n ,  i n sbesondere  seit  
1920, s ich  b e m e r k b a r  m a c h e n d e  E r w i r m u n g  des Kl imas  
b e s t e h t  eine u m f a n g r e i c h e  L i t e r a tu r .  E ine  Z u s a m m e n -  
s t e l lung  der  k l i m a t i s c h e n  F a k t o r e n  n e b s t  L i t e r a tu r -  
ve rze ichn i s  g ib t  uns  LYSGAARD~; wei tere  Angaben ,  ins- 
b e s o n d e r e  auI b o t a n i s c h e m  Gebie te ,  ebenfal ls  n e b s t  
Bib l iographie ,  s te l l te  der  Verfasser  dieser  Mi t te i lung  zu- 
s a m m e n  2. Ansch l ieBend  an den VII .  B o t a n i s c h e n  Kon-  
greB in S t o c k h o l m  im Jul i  1950 n a h m  Verfasser  an der  
yon  Dr.  ARNBORG gef i ih r ten  E x k u r s i o n  d u r c h  das Nadel -  
w a l d g e b i e t  in S c h w e d e n  tell, die e inen Q u e r s c h n i t t  von 
Ggtstr ikland nOrdlich S t o c k h o l m  bis Abisko im L a p p l a n d  
bot .  O b w o h l  Ver fa s se r  schon  m e h r f a c h  L a p p l a n d  bere is t  
ha t t e ,  zuers t  vor  d e m  e r s t en  Wel tkr iege ,  also vor  Ein-  
t r i t t  de r  s i c h t b a r e n  Kl imaf inderung ,  Iuhr  er e rneu t  da- 
hin,  um vor  a l lem den EinfluB der  K l imaf inde rung  auf  
die W g l d e r  an der  po laren  W a l d g r e n z e  zu b e o b a c h t e n .  
Dies ge lang ihm im M u d d u s - N a t i o n a l p a r k  unwei t  yon 
G/i l l ivara in L a p p l a n d  und  bei Abisko.  Die hier  gemach-  
t en  B e o b a c h t u n g e n  bestS.t igten voIIauf die yon finni-  
schen  F o r s c h e r n  im f r i iheren  Gebiet  yon  P e t s a m o  und  
yon russ i schen  F o r s c h e r n  g e m a c h t e n  U n t e r s u c h u n g e n  
(siehe die Arbe i t en  des Verfassers) .  

Schon  RENVALL 3 h a t t e  1912 da rau f  h ingewiesen ,  dab  
die Kie fe r  an der  po la ren  Wa ldg renze  nu r  e inmal  im 
Laufe  von  100 J a h r e n  reife Samen  he rvo rb r ing t ,  dab  

1 L. LYSGAARD, Folia Geographica Danica, V. l,[Obenhawl, H. 
Hagerup (1949). 

C. REGEL, ()sterr. Bot. Z. 96, 369 (1949) ; Ber. Geobot. Forseh.- 
Inst. Rfibel, Ziirieh 1949, 11 (1950). 

a R. RENVALL, Die periodischen Erscheinungen der Reproduktion 
der Kiefer an der polaren Waldgrenze (Helsingfors 1912). (Diss.). 

aber  wei ter  sfidlich die S a m e n j a h r e  hguf iger  au f t r e t en .  
NEKRASOWA 1 zeigte, dab auf  der  Halb inse l  Kola  die 
F ich te  a l e  6-7 J a h r e  Samen  reift,  je H e k t a r  j edoch  nu r  
100-150000 Samen  den Boden  erreichen.  Dies is t  
jedenfal ls  eine Folge des unwe i t  der  polaren  Wa ldg renze  
her r schenden ,  fiir die Ver j i ingung der  Bitume ungi ins t i -  
gen Klimas.  Wird  dieses witrmer,  so miissen die Samen-  
jahre  hi~ufiger auf t re ten ,  dies bes t / i t igen auch  Beobach-  
t ungen  yon HUSTICH, AARIO und  ande ren  im n6rd l ichen  
F i n n l an d  und im n6rdl ichen Norwegen.  B e o b a c h t u n g e n  
in dieser ]Richtung haben  vor  so lchen an der  a lp inen 
Waldgrenze  den Vorzug,  dab  die polare  Waldgrenze  v o m  
Menschen b e d e u t e n d  weniger  beeinf luBt  ist  - es k o m m e n  
eigent l ich n u t  die N o m a d e n  mi t  ihren  Ren t i e r en  in 
B e t r a c h t  - als die le tz tere ,  die fiir die Zwecke des Sen- 
nere ibe t r iebes  s t a rk  he rabgedr i i ck t  ist. 

Da  die polare Waldgrenze  als ein P r o d u k t  der  b isher  
he r r schenden  k l ima t i schen  Bed ingungen  angesehen  
werden kann  und  daher  /~ugerst labil  ist, so geniigen 
kleine S c h w a n k u n g e n  des I( l imas,  m n  eine Versch iebung  
in der  einen oder  anderen  l~ ichtung hin he rvorzuru fen .  

Allerdings h a b e n  wir es im schwedischen  Lapp land ,  
t)zw. in der  Gegend  von G~ll ivara und  Abisko n ich t  mi t  
der e igent l ichen po la ren  Waidgrenze  zu tun,  die ja  wel te r  
n6rdlich verli tuft ,  sondern  mi t  einer  a lp inen  Waldgrenze ,  
liegt doch Abisko in mehr  als 400 m H6he,  doch ist h ier  
im Norden kein wesen t l i cher  U n t e r s c h i e d  zwischen 
polarer  und  a lp iner  Waldgrenze  zu beobach ten ,  n n d  
welter  n6rdl ich  fallen beide zusammen .  Der  Grad der  
mensch l i chen  Bee inf lussung  ist  hier  aber  ein und  der-  
selbe;  eine Depress ion  der  Waldgrenze  fa r  die Zwecke 
des Sennere ibe t r i ebes  und  der  Viehwi r t scha f t ,  wie wir  
sie in den Alpen  beobach t en ,  k o m m t  in L a p p l a n d  n i c h t  
in Frage.  

1 T. P. NEI<ItASOWA, Reprodukcija jeli na Kolskom Sewere. 
Botan. J. XXXIII, Nr. 2, 239. (Moskwa-Leningrad 1948). 
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Die Nade lw/ i lde r  des s i id l ichen Teiles der  N a d e l w a l d -  
zone,  wie z u m  Beispie l  bei  S tockho lm,  e n t h a l t e n  B/ iume 
al ler  Al t e r sk las sen .  N e b e n  a l t e n  Kie fe rn  s ieh t  m a n  solche 
m i t t l e r e n  Al ters ,  k le ine  u n d  k le ins te  B/ iume,  so d a b  der  
W a l d  yon  den v ie len  B / tumen  d i ch t  ist.  I m  G e g e n s a t z  
h ie rzu  s t e h e n  die Nade lw/ i lder  L a p p l a n d s ,  in  d e n e n  m a n  
n u r  a u s g e w a c h s e n e  B/ iume s i eh t  u n d  d a n n  den  J u n g -  
w u c h s  a m  Boden ,  w / i h r e n d  die dazwischen  w a c h s e n d e n  
A l t e r sk l a s sen  fehlen.  J edenfa l l s  f/ilK de r  no rd i s che  Nade l -  
wa ld  d a d u r c h  auf,  d a b  m a n  zwischen se inen  S t / i m m e n  
eine wei te  S ich t  ha t ,  d e n n  diese wi rd  n i c h t  d u r c h  die 
B~tume v e r s c h i e d e n s t e n  Al te rs  ve rdeck t .  Diese e igen t i im-  
l iche E r s c h e i n u n g  is t  eine Folge  der  e rw/ ihn t en  S a m e n -  
j ah re .  W i r d  das  K l i m a  w/ i rmer  u n d  t r e t e n  in io lgedessen  
die S a m e n j a h r e  h~tufiger auf, so mul3 der  no rd i s che  W a l d  
allm~thlich den  A u f b a u  eines s i id l icheren  W a l d e s  m i t  
B / l u m e n  v e r s c h i e d e n s t e r  A l t e r sk la s sen  aufweisen .  K6n-  
n e n  wi r  d iesen V o r g a n g  in L a p p l a n d  b e o b a c h t e n  ? 

Es  k a m  uns  vo r  a l l em d a r a u f  an, t e s tzus te l l en ,  inwie-  
weir  die S a m e n j a h r e  der  Kiefer  bei G/ i l l ivara  u n d  bei  
Ab i sko  h/ iuf iger  a u f t r e t e n  als fr i iher.  I m  M u d d u s - N a t i o -  
n a l p a r k  bei  G/ i l l iva ra  wurde  au f  t r o c k e n e n  B 6 d e n  m e h r -  
fach  re icher  J u n g w u c h s  der  Kiefer  ve r sch i edene r  J ah re s -  
k la s sen  b e o b a c h t e t .  Fo lgende  F e s t s t e l l u n g e n  w u r d e n  
g e m a c h t  : 

a) W a l d  aus  B i r k e n  u n d  Kiefe rn  (Pious silvestris) m i t  
H e i d e k r a u t  (Calluna vulgaris) u n d  K r / i henbee r e  (Em- 
petrum) in  der  Fe ldsch i ch t .  Der  J u n g w u c h s  der  Kie fe r  
b e s t e h t  h ie r  aus  den v e r s c h i e d e n e n  Al t e r sk l a s sen  u n d  
is t  1-1,5 nl hoch.  

b) E b e n s o l c h e r  W a l d  ]ni t  K i e f e r n - J u n g w u c h s  a l ler  
Al t e r sk las sen ,  d a r u n t e r  a u c h  einige j unge  F i c h t e n .  

c) E b e n s o l c h e r  Wald ,  a l te  Kie fe rn  von  350 J a h r e n ,  
m i t  B r a n d s p u r e n  von  vo r  175 J a h r e n ,  d a r u n t e r  s te l len-  
weise d i c h t e r  J u n g w u c h s  al ler  J ah re sk l a s sen ,  6 -10  Kie-  
fern  au f  F1/ichen von  4 m ~. S a m e n j a h r e  be i ln  J u n g w u c h s  
alle 6-7  J a h r e  v o r h a n d e n .  E i n  be sonde r s  re iches  Sa- 
m e n j a h r  wa r  das  J a h r  1946. 

d) K i e f e r n w a l d  au f  t r o c k e n e m  B o d e n  auf  A n h 6 h e .  
H ie r  w u r d e n  bis  zu 430 J a h r e  a l te  Kie fe rn  fes tgeste l l t ,  
die n / ichs te  G e n e r a t i o n  war  280 J a h r e  alt ,  d a n n  wieder  
125 J a h r e  al t ,  dazu  k a m e n  einige 110 J a h r e  a l te  F i c h t e n  
u n d  einige 50 J a h r e  a l t en  Kiefern .  Schliel31ich gab  es 
J u n g w u c h s  m e h r e r e r  J a h r e s k l a s s e n  der  l e t z t en  J a h r e .  

e) K i e f e r n w a l d  m i t  d i c h t e m U n t e r w u c h s  arts Schwarz-  
b e e r e n  (Vacciniurn Myrtillus). Der  J u n g w u c h s  der  Kie-  
fer  i s t  r e ich l i ch  u n d  umfal3t  ve r sch i edene  Jahrg / inge .  

Auf fa l l end  is t  ferner ,  d a b  s ich dieser  J u n g w u c h s  n u r  
au f  die Kie fe r  bez ieh t ,  n i c h t  abe r  au f  die F ich te ,  die 
k e i n e n  oder  a b e r  e inen  n u r  sp/ i r l ichen J u n g w u c h s  auf-  
weis t ,  im  G e g e n s a t z  zur  Ha lb in se l  Kola,  wo Verfasser ,  
a l l e rd ings  n o c h  v o r  E i n t r i t t  de r  Kl ima/ indenung ,  s te l len-  
weise e inen  d i c h t e n  J u n g w u c h s  der  F i c h t e  b e o b a c h t e n  
k o n n t O .  Die E r k l / i r u n g  l iegt  dar in , '  d a b  das  j e t z t  w~r-  
m e r e  u n d  zugle ich t r o c k e n e r e  K l i m a  vor  a l lem der  Kiefer  
z u g u t e  k o m m t ,  zu l e t z t  abe r  de r  F ich te ,  de ren  O p t i m u m  
in e i n e m  k / i l t e ren  u n d  f e u c h t e r e n  K l i m a  liegt,  wie es 
bis  vo r  k u r z e m  he r r sch t e .  Dies is t  a u c h  von  a n d e r e n  
F o r s c h e r n  b e o b a c h t e t  worden .  

Abi sko  l iegt  s chon  in de r  Stufe  des B i rkenwaldes ,  der  
in  den  G e b i r g e n  des N or dens  die Grenze  gegen die a lp ine  
S tufe  b i lde t .  N u r  e inige wenige  K i e f e r n g r u p p e n  w a c h s e n  
i n m i t t e n  des B i r k e n w a l d e s  u n w e i t  der  T o u r i s t e n s t a t i o n .  
H i e r  w u r d e n  fo lgende  A u f z e i c h n u n g e n  gemach t ,  d i e d i e  
s t / i rkere  V e r j t i n g u n g  des B a u m e s  in den  l e t z t en  De-  
z e n n i e n  c h a r a k t e r i s i e r e n .  

1 C. REGEL : Die VegetationsverkdltnissederHalbinsel Kola, Repert .  
Spec. nov. regni  vegetabi l is .  Beiheft  L X X X I  (Verlag Prof. Dr. Fr. 
Fedde,  Dahlem 1941). 

a) Al te  Kie fe r  im B i rkenwa lde ,  s t a r k  m i t  Zap fen  be-  
setz t ,  die aus  zwei n a c h e i n a n d e r f o l g e n d e n  J a h r e n  s t a m -  
men.  

b) Heide  m i t  K r ~ h e n b e e r e n  (Empetrum nigrum) be- 
wachsen ,  dazwischen  z e r s t r e u t  einige Kie fe rn  wachsend ,  
15 J a h r e  alt ,  10-12 J a h r e  a l t  u n d  8 J a h r e  alt .  

c) K i e f e r n g r u p p e  im l i ch t en  B i rkenwa ld .  K ie fe rn  
100-150 J a h r e  alt ,  e inze lne  a u c h  bis zu 200 J a h r e  al t ,  
d a r u n t e r  j i ingere  Kiefern,  45, 20-25,  15 u n d  4 J a h r e  alt .  
S te l lenweise  s ind  fiinf G e n e r a t i o n e n  i n n e r h a l b  der  le tz-  
t en  15 J a h r e  zu b e o b a c h t e n .  

A u c h  die B i rke  zeigt  re ichen  J u n g w u c h s ,  sowohl  bei 
A b i s k o  als a u c h  wei te r  an  der  obe ren  W a l d g r e n z e  bei  
B j 6 r k l i d e n  u n d  bei  Riksgr / insen .  Alle von  B/ iumen  en t -  
b l 6 g t e n  F1/ichen s ind d i ch t  m i t  j u n g e n  B i r k e n  b e s t a n d e n  ; 
der  B i r k e n w a l d  e r o b e r t  das  G e b i e t  zuri ick,  auf  d e m  er 
v e r n i c h t e t  war ,  w / ih rend  dies f r i iher  J a h r z e h n t e  d a u e r t e  
u n d  eine solche schnel le  R i i c k e r o b e r u n g  n i c h t  zu beob -  
a c h t e n  war .  Dasse lbe  b e r i c h t e n  a u c h  f innische  F o r s c h e r  
von  der  F i s c h e r h a l b i n s e l  im  f r i iheren  Gebie te  yon  
P e t s a m o .  

Aus  vo r l i egenden  B e o b a c h t u n g e n ,  die d ie jen igen  f inn i -  
scher  u n d  no rweg i sche r  F o r s c h e r  in a n d e r e n  G e g e n d e n  
des schwedi schen ,  f i nn i schen  u n d  norweg i schen  L a p p -  
l andes  best~itigen, 1/tiM sich e rsehen ,  daf3 die Kiefer  im 
M u d d u s - N a t i o n a l p a r k  bei G/ i l l ivara  u n d  bei Abisko  in 
den  l e t z t e n  J a h r e n  h/ iuf ig S a m e n  g e t r a g e n  h a t  n n d  d a h e r  
J u n g w u c h s  v e r s c h i e d e n e r  J a h r e s k l a s s e n  v o r h a n d e n  ist,  
w / ih rend  ein so lcher  aus  i r t ihe ren  J a h r e n  n i c h t v o r h a n d e n  
is t  u n d  die S a m e n j a h r e  n u r  se l t en  v o r k a m e n .  In  Abisko  
w u r d e n  j u n g e  Kie fe rn  b e o b a c h t e t ,  de ren  J a h r e s u n t e r -  
schiede  n u r  4-10  J a h r e  b e t r u g e n ,  woraus  m a n  auf  ein 
h/ iufiges E i n t r e t e n  der  S a m e n j a h r e  h ie r  in den l e t z t e n  
D e z e n n i e n  sch l iegen  k a n n .  Diese B e o b a c h t u n g e n  be-  
s t / i t igen  die B e o b a c h t u n g e n  zah l r e i che r  ande re r  Fo r -  
scher  u n d  lassen s ich  in die Re ihe  i ibr iger  Beweise fiir 
eine E r w X r m u n g  des K l i m a s  in den  l e t z t e n  D e z e n n i e n  
e inre ihen .  E ine  jede  K l i m a ~ n d e r u n g  b e w i r k t  eine Ver -  
s c h i e b u n g  der  den  e u r a s i a t i s c h e n  K o n t i n e n t  d u r c h -  
z i e h e n d e n  L a n d s c h a f t s z o n e n ,  de r  T u n d r a ,  des N a d e l -  
waldes,  des Laubwa ldes ,  de r  S teppe ,  de r  Wi i s t e  n a e h  
N o r d e n  oder  n a c h  Si iden h in .  W i r d  das  Kl ima ,  wie es 
j e t z t  der  Fal l  ist,  w/ i rmer ,  so r i i ck t  die Zone des N a d e l -  
waldes  in  die T u n d r a  vor,  i n d e m  die S a m e n j a h r e  a n  de r  
W a l d g r e n z e  hSmfiger a u f t r e t e n  als fr i iher .  Doch  d a  diese 
V e r s c h i e b u n g  de r  Zonen  n i c h t  n u r  die V e r j i i n g u n g  de r  
W/ i lder  beeini lul3t ,  s o n d e r n  alle M e r k m a l e  der  b e t r e f f e n -  
den  Zone,  sowohl  P f l anzen -  u n d  T ie rwe l t  als a u c h  die 
leblosen,  wie z u m  Beispiel  die Gle tscher ,  so muB eine 
U n t e r s u c h u n g  der  K l i m a / i n d e r u n g  s ich au f  alle diese 
M e r k m a l e  z u s a m m e n  e r s t r ecken .  E i n e  Z u s a m m e n s t e l -  
l ung  dieser  M e r k m a l e  d u r c h  den  Verfasser  is t  in V o r b e -  
re i tung .  

W a s  abe r  die W a l d g r e n z e  in S c h w e d i s c h - L a p p l a n d  
u n d  das  h~uf ige  A u f t r e t e n  de r  S a m e n j a h r e  a n b e l a n g t ,  
so w/ire de ren  e ingehende re  U n t e r s u c h u n g  an  H a n d  y o n  
Dauerp robe f l / i chen ,  sowohl  im N a t i o n a l p a r k  yon  M u d d u s  
als a u c h  in Abisko,  wo eine Biologische  S t a t i o n  b e s t e h t ,  
w i in schenswer t .  

C. REGEL 
Ziirich,  den  7. A u g u s t  1951. 

Rdsumd 
L ' a u t e u r  fa i t  p a r t  de ses o b s e r v a t i o n s  fa i tes  p e n d a n t  

l ' excu r s ion  dans  la r6gion des for~ts  de la  Suede s e p t e n -  
t r i ona l e  X la sui te  du  Congr~s i n t e r n a t i o n a l  de b o t a n i q u e  

S t o c k h o l m  en  1950. Sous l ' i n f luence  du  c l ima t  d e v e n u  
plus  c h a u d  les for~ts ~ M u d d u s  r e v e r d i s s e n t  e t  o n t  la  
t e n d e n c e  d ' e n v a h i r  la t o u n d r a ,  u n  fa i t  observ6  p a r  des 
s a v a n t s  f innois,  norvfigiens et  russes.  
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A N e w  P u f f i n g  P a t t e r n  I n d u c e d  b y  T e m p e r a t u r e  

S h o c k  a n d  D N P  i n  D r o s o p h i l a  

T h e  d i f f e r e n t  p u f f i n g  p a t t e r n s  of  t h e  p o l y t e n e  c h r o m o -  
s o m e s  of  D i p t e r a  s h o w  o r g a n - s p e c i f i c i t y ,  d e v e l o p m e n t a l  
s t a g e - s p e c i f i c i t y  a n d  s o m e t i m e s  z o n e - s p e c i f i c i t y  1-4. T h e s e  
p a t t e r n s  c a n  be  e x p l a i n e d  in  t e r m s  of  v a r i a t i o n s  of  c h r o m o -  
s o m e  a c t i v i t y .  I t  is  k n o w n  t h a t  p u f f s  a r e  d u e  to  t h e  u n -  
co i l i ng  o f  s o m e  c h a r a c t e r i s t i c  b a n d s  5 s i m i l a r  to  t h o s e  
w h i c h  h a v e  b e e n  s h o w n  to  c o r r e s p o n d  to  c e r t a i n  M e n -  
d e l i a n  loci 6, :. 

I t  h a s  a l so  b e e n  s h o w n  r e c e n t l y  s - l l  t h a t  p u f f s  a r e  s i t e s  
of  s y n t h e t i c  a c t i v i t y  a n d  t h a t  t h e i r  m a j o r  p r o d u c t  is  R N A .  
F o r  t h e s e  r e a s o n s  t h e  d i f f e r e n t  p u f f i n g  p a t t e r n s  c a n  n o w  
be  m o r e  p r e c i s e l y  i n t e r p r e t e d  in  t e r m s  of  a c t i v i t y  o f  g e n e s  
p r o b a b l y  d u e  to  d i f f e r e n t  m e t a b o l i c  s i t u a t i o n s  o c c u r r i n g  
in  t h e  v a r i o u s  o r g a n s  a n d  d e v e l o p m e n t a l  s t a g e s  i n v e s t i -  
g a t e d .  

S o m e  r e c e n t  i n v e s t i g a t i o n s  s h o w  t h a t  i t  is  p o s s i b l e  to  
i n d u c e  d i r e c t e d  v a r i a t i o n s  in  t h e  p u f f i n g  p a t t e r n s .  T h i s  
w a s  a c c o m p l i s h e d  b y  KROEGER 13 b y  t r a n s p l a n t i n g  s a l i v a r y  
g l a n d  n u c l e i  of  D. busckii i n t o  e g g  c y t o p l a s m  of  D. melano- 
gaster, a n d  b y  CLEVER a n d  KARLSON b y  m e a n s  of  i n j ec -  
t i o n s  of  e c d y s o n e  in  Chironomus l a r v a e  ~3. 

T h e  p u r p o s e  o f  t h i s  p a p e r  is t o  r e p o r t  o u r  r e s u l t s  o n  t h e  
e f f ec t  of  t e m p e r a t u r e  o n  t h e  p u f f i n g  p a t t e r n s  of  t h e  sa l i -  
v a r y  g l a n d s  c h r o m o s o m e s  of  Drosophila buschii. I t  wil l  
c l e a r l y  a p p e a r  t h a t  t e m p e r a t u r e  s h o c k s  m a y  i n d u c e  wel l  

d e f i n e d  v a r i a t i o n s  in  t h e  p u f f i n g  p a t t e r n s  a n d  t h a t  t h e  
v a r i a t i o n  a l w a y s  i n t e r e s t s  t h e  s a m e  b a n d s  a n d  i n v o l v e s  
spec i f i c  m e t a b o l i c  a c t i v i t i e s .  

T h e s e  o b s e r v a t i o n s  a r e  l i m i t e d  t o  t h e  2L  c h r o m o s o m e s ,  
s i n c e  t h e  m a i n  v a r i a t i o n s  a r e  f o u n d  in  t h i s  r eg ion .  I n  t h e  

IL  8 2L 14 2L 15 2L 20 

Normal at 25~ + . . . .  
After 30 min at 30~ - -  + + + 

I W. BEERMANN, Chromosoma 6, 139 (1952). 
R. MECHELKI~, Chromosoma 5, 511 (1953). 

3 M. E. BREUER and C. PAVAN, Chromosoma 7, 371 (1955). 
4 W. B E E R M A N N ,  Developmental Cytology (Ed. Rudnik, Ronal Press, 

New York 1959). 
5 W. BEERMANN and G. F. BAHR,  Exp. Cell Res. 6, 195 (1954). 
6 0 .  MACKENSEN, J. Hered. 26, 136 (1935). 
? H. SLIZYNSKA, Genetics 23, 291 (1938). 
8 D..[.  GROSS, Nature 180, 440 (1957). 
9 G. PELLING, Nature 184, 655 (1959). 

10 j .  L. SIRLIN, ~xp.  Cell Res. 19, 177 (1960). 
11 F. RITOSSA, Atti Assoc. Gen. Ital. 7, 147 (1969). 
12 H. KROEGER, Chromosoma 11, 129 {1960). 
1~ U. CLEVER and P. KARl.SON, Exp. Cell Rcs. ~0, 623 (1960). 
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Table  t he  puff ing  p a t t e r n  is g iven  of t h i r d  i n s t a r  l a rvae  
a b o u t  15 h before  p u p a t i o n  of D. busckii grown a t  25~ 
I n  F igure  1 the  regions 2L 14 and  2L 15 of the  same la rvae  
are shown  14. 

I f  t he  l a rvae  are  sub jec t ed  to a t e m p e r a t u r e  shock 
(30~ or more) for a b o u t  30 min,  a clear  cu t  change  in t h e  
puff ing  p a t t e r n  is observed.  The  p r inc ipa l  va r i a t i ons  are 

Fig. 1. The 2L 14 and 15 regions of salivary gland chromosome of 
D. busckii larvae reared at 25~ about 15 h before pupation. 

Fig. 2. The same regions as in Figure 1 after a thermal shock of 
30 rain at 30~ Larvae near to pupation. 

shown  in the  Tab le  a n d  in F igure  2 an d  cons is t  in  tile 
a p p e a r a n c e  of puffs  in  regions 2L 14, 2L 15 an d  2L 20 and  
in t h e  regress ion of the  n o r m a l  puff  in 2L 8. The  i n d u c t i o n  
of a new puff ing  p a t t e r n  b y  t e m p e r a t u r e  Shock h a s  also 
been  o b t a i n e d  in D. melanogaster a n d  will be  r epo r t ed  else- 
where.  I f  t h e  l a rvae  t h a t  h a v e  u n d e r g o n e  a t e m p e r a t u r e  
shock  are  t r an s f e r r ed  b a c k  to 25~ a f t e r  a b o u t  1 h t he  
induced  puffs recede whi le  the  puff  in  2L 8 r e a p p e a r s  
again.  W h e n  t h e  s ame  l a r v a e  are sub jec t ed  once more  to 
the  t e m p e r a t u r e  shock,  t h e  t y p i ca l  i nduced  puf f ing  p a t t e r n  
aga in  m a k e s  i ts appea rence .  

I t  is also possible  to  induce  the  new puffs  in l a rvae  
which  h a v e  r eached  a s tage v e r y  close to pupa t i on ,  where  
puff  2L 8 has  n o r m a l l y  receded.  Also in th i s  case t h e  in- 
duc t ion  h a s  100~ efficiency. 

W h e n  l a rvae  g rown a t  19~ are  b r o u g h t  to  25~ some 
effects are some t imes  not iceable ,  b u t  w i t h  v e r y  low in- 
t e n s i t y  a n d  efficiency. Th i s  ind ica tes  t h a t  t h e  puf f ing  
p a t t e r n  v a r i a t i o n s  m a y  n o t  d e p e n d  exc lus ive ly  on  a 
5 -6~  j u m p  in t h e  t e m p e r a t u r e  b u t  on  t h e  r ap id  a t t a i n -  
m e n t  of a g iven  t e m p e r a t u r e  th resho ld .  

I h a v e  r ecen t ly  r epo r t ed  it  a p rocedure  for m a i n t a i n i n g  
sa l iva ry  g lands  of D r o s o p h i l a  me tabo l i ca l ly  ac t ive  i n  vitro 
for a b o u t  2 h u n d e r  oil drops.  U n d e r  these  condi t ions ,  t he  
me tabo l i c  a c t i v i t y  of t h e  ch ro mo s o mes  can  easi ly be  in- 
v e s t i g a t e d  b y  m e a n s  of label led  precursors  wh ich  h a v e  
been  p r o v e d  to  e n t e r  t i le cell in  few seconds.  This  t ech-  
n ique  h a s  been  used to  show t h a t  t h e  same effects on  t he  
puff ing  p a t t e r n s  are o b t a i n e d  w h e t h e r  t h e  t e m p e r a t u r e  
shock  is g iven  to  t h e  whole  l a rvae  or to  sa l iva ry  g lands  
e x t r a c t e d  an d  i n c u b a t e d  in R inge r  solut ion.  I t  m a y  t h u s  
be  in fe r red  t h a t  t h e  fac tors  d e t e r m i n i n g  t h e  p h e n o m e n o n  
are l imi ted  to t h e  s a l iva ry  g land  cells a n d  do no t  i nvo lve  
o rgan  in te rac t ion .  The  induced  s t r u c t u r a l  modi f i ca t ions  
can  be  shown  to  co r respond  to a c t u a l  changes  in t h e  syn-  
t he t i c  a c t i v i t y  of t h e  ch ro mo s o mes  b a n d s  concerned .  

T r i t i a t e d  cy t id ine  was a d m i n i s t e r e d  to  sa l iva ry  g lands  
i n c u b a t e d  in  vitro a n d  h e a t e d  in o rder  to  induce  t h e  new 
puff ing  p a t t e r n .  The  presence  of r a t h e r  large q u a n t i t i e s  of 
th i s  t r a c e r  in t h e  puffs  is a p p a r e n t  a l r eady  a f t e r  3 -4  mill  
a n d  i t  reaches  h i g h  v a l u e s  a f t e r  10 mill (Figure  3). 
R a d i o a c t i v i t y  is r e m o v e d  b y  RNAse16. This  proves ,  as i t  
was  p rev ious ly  shown  for t h e  n o r m a l  s p o n t a n e o u s  puffs,  
t h a t ,  also in  t h e  t e m p e r a t u r e - i n d u c e d  puffs  (2L 14, 2L 15, 
2L 20), a r a t h e r  h i g h  ra t e  of R N A  syn thes i s  occurs. On  t he  
o t h e r  h a n d ,  th i s  a c t i v i t y  is found  to be  a b s e n t  a t  t h e  site 
of t h e  or ig ina l  puf f  wh ich  has  regressed (2L 8). Since mos t  
of t h e  i n f o r m a t i o n  so far  ava i l ab le  suppo r t s  t h e  idea  t h a t  
puffs are  ' a c t i ve  genes ' ,  ou r  e x p e r i m e n t s  could be  in te r -  
p re ted  in t h e  sense  t h a t  func t ion  of genes (or a t  l eas t  of 
some genes) is revers ib le  an d  d e p e n d e n t  upon  env i ron-  
m e n t a l  condi t ions .  

In  a n  a t t e m p t  to  e luc ida te  t h e  possible  m e c h a n i s m  of 
ac t ion  of t e m p e r a t u r e ,  accord ing  to  SZENT-GYORGYI'S 
hypo thes i s  17, t h e  effects  of 2-4  d i n i t r o p h e n o l  ( D N P )  a n d  
sal ic i la te  h a v e  been  s tudied .  For  th i s  expe r imen t ,  s a l iva ry  
g lands  were i n c u b a t e d  u n d e r  oil in  R i n g e r  so lu t ion  con-  
t a i n i n g  1 0 - 3 M  D N P  or  1 0 - ~ M  s o d i u m  sal ic i la te  for 
30 mi n  a t  25~ I t  was found  t h a t  these  subs t ances  can  

Fig. 3. The induced puffs after 10 min of incubation in 2.5 mm ~ of a 
saline solution (0.17 mC/ml) of tritiated cytidine (Schwarz, s.a. 

1 C/mM). 4 days exI:osition. Stripping films Kodak AR. 10. 

t~ These positions are approximate; they have been inferred from the 
Sirotina's schematic maps 15. The nomenclature is KRIVJCENKO'S 

lS M. I. SIROTI~A, Mem. Gent., Acad. Sci. Urk. SSR. 2, 61 (1938). 
le Other evidences on the synthetic activity of puffs will be published 

elsewhere. 
17 A. SZENT-GY6RGYI, Bioenergetics (Academic Press, New York 

1957). 
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m i m i c  t h e  t e m p e r a t u r e  e f fec t  for  t h e  i n d u c t i o n  o f  t h e  n e w  
p u f f i n g  p a t t e r n .  S i n c e  a g o o d  d e a l  of  i n f o r m a t i o n  is 
a v a i l a b l e  o n  t h e  c h e m i c a l  m e c h a n i s m s  b y  w h i c h  t h e s e  
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C y c l o s p o r i n  A:  A N e w  A n t i l y m p h o c y t i c  A ~ e n t  

J. F. Borel, A. ~i@gger and H. Stiihelin 
Medizinisch-biologische und pharmazeutisch-chemische 
Forschung der Sandoz AG, CH-4002 Basel 

The metabo l i t e  cyclosporin A derived from 2 fungus 
species represents a novel  an t i l ymphocy t i c  agent.  It  is a 
smal l  molecular we ight  ring-peptide.  Cyclosporin A 
suppresses humoral  as wel l  as cellular i m m u n i t y  in several 
an imal  models .  It atso inhibits  specif ical ly  in vitro pro- 
l i feration of murine and h u m a n  blood lymphocytes .  This  
compound  is furthermore h igh ly  effective in the  experi-  
menta l l y  induced polyarthrit is  in rats, but  not  in acute 
in f lammat ion .  It  is orally act ive  and its effects are com- 
parable  to those  obtained w i t h  appropriate relerence 
compounds .  In  contrast  to other immunosuppress ive  
agents  and to cy tos ta t i c  drugs, the  w e a k  side effects on the  
haemopoie t i c  t issues  suggest  that  its  act ion m a y  be 
directed ma in ly  towards  the  i m m u n o c o m p e t e n t  l ympho-  
cytes.  I t  is speculated that  cyclosporin A interferes at an 
early stage of mitogenic  s t imulat ion  of the  lymphoid  ceils. 
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P R O  EXPERIMENTIS 

A new Method for Measur ing  M e m b r a n e  
Potent ia ls  with External  Electrodes  

The true va lue  of m e m b r a n e  p o t e n t i a l s  of  b io log ica l  
core conductors  can o n l y  be m e a s u r e d  wi th  ex terna l  
e l ec trodes  if the  f low of in jury  current  b e t w e e n  a normal  
and an injured or depolar i sed  part  of  m e m b r a n e  can be 
p r e v e n t e d  b y  
(i) c o m p e n s a t i n g  the  p o t e n t i a l  drop w h i c h  is at  the  

origin of current  f low 1, or 
(ii) increas ing  the  l o n g i tu d i n a l  res i s tance  of  the  outer  

medium.  
Current f low in the  core and  in the  outer  m e d i u m  in 

fact  reduces  the  true  va lue  of  the  m e m b r a n e  po ten t ia l  
measured  w i t h  e x t e r n a l  e l ec trodes  b y  the  short -c ircui t -  
ing factor  

rl 
rl + r2 

where  r 1 and rz are l ong i tud ina l  res i s tances  of the  ex terna l  
and  internal  m e d i u m  per un i t  l e n g t h  respec t ive ly .  

A n  increase  of  r~ to  m u c h  h igher  va lues  t h a n  r2 wi l l  
therefore  t end  to  increase  the  short  c i r c u i t i n g / a c t o r  to  
un i ty .  The  p o t e n t i a l  measured  w i t h  e x t e r n a l  e lec trodes  
wi l l  thus  a p p r o x i m a t e  the  true m e m b r a n e  p o t e n t i a l  of  
the  uninjured m e m b r a n e .  These  cond i t ions  can be 
real ised b y  the  f o l l o w i n g  procedure:  

A bundle  of m y e l i n a t e d  nerve  f ibers  of a frog is intro-  
duced  into  a ho le  of  s l i gh t ly  greater  d iameter  th r o ugh  
w h i c h  an i so ton ic  sucrose  so lu t ion  of at  l eas t  2 • 10 6 D 
c m  speci f ic  res i s tance  f lows  at  c o n s t a n t  rate.  The  in f low 
of  sucrose is m a d e  in the  midd le  of the  hole  and  the  out-  
f l o w i n g  sucrose  is sp i l l ed  a w a y  b y  RINGER or t e s t  solu-  
t ions  f l o w i n g  t h r o u g h  ver t i ca l  channe l s  at  b o t h  ends  of  

1 A. F. HUXLEY and R. STXMPFLI, J. Physiol. 112, 476 (1951). 
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i t  (Fig .  1). T h e  n e r v e  f i be r s  a r e  b e n t  u p w a r d s  i n t o  t h e  
t w o  c h a n n e l s ,  t h u s  b e i n g  in  c o n t a c t  w i t h  t h e  i n f l o w i n g  
s o l u t i o n s .  T h e  r e s i s t a n c e  o f  t h e  l i q u i d  in  t h e  v e r t i c a l  
c h a n n e l s  is  v e r y  s m a l l .  E a c h  of t h e m  c a n  b e  c o n s i d e r e d  
a s  e q u i p o t e n t i a l .  T h e r e  is a s h a r p  i n c r e a s e  of  l o n g i t u d i n a l  

recorMhg mY-me/er 
/ i n f l o w  of b#lon/c 

- ( 7 )  ....- = = . o =  

,..t_J K72',7 

7r ~ ~ . ~  bund/e op myek'aat=d 
I " \ nerve 7~/~ers 

[!-__-22 - - ' -  ' 

6/_____8 'r176 

Oulpow/ng so/u/ions draping off 

Fig. 1.--Arrangement  of polyethylene tubes for recording membrane 
potentials. The nerve fibers are pulled across three tubes. The middle 
one is circulated with isotonic sucrose solution of high specific re- 
sistance, the outer ones with RINGER'S solution on one side and 
RINGER'S solution or test solutions on the other side. After intro- 
duction of the nerve fibers both tubes are moved into vertical 
position in order to have a sharp change of resistance at both ends 

of the middle section by spilling the sucrose solution away. 

r e s i s t a n c e  a t  t h e  e n t r y  o f  t h e  h o r i z o n t a l  ho le .  T h e  po -  
t e n t i a l  d i f f e r e n c e  b e t w e e n  c h l o r i d e d  s i l v e r  e l e c t r o d e s  a t  
t h e  l o w e r  e n d  of  t h e  c h a n n e l s ,  w i t h  RINGER'S s o l u t i o n  
o n  o n e  s ide  a n d  a n  i s o t o n i c  KC1 s o l u t i o n  o n  t h e  o t h e r ,  
s h o u l d  t h e r e f o r e  b e  e q u a l  t o  t h e  r e s t i n g  p o t e n t i a l  of  t h e  
f i be r s .  V a l u e s  of  a b o u t  70 m V  a r e  o b t a i n e d ,  in  g o o d  
a g r e e m e n t  w i t h  t h e  c o m p e n s a t i n g  m e t h o d  1. T h e  
a d v a n t a g e s  o f  t h e  n e w  m e t h o d  a r e  o b v i o u s :  B u n d l e s  of  
n e r v e  o r  m u s c l e  f i be r s ,  f r e e d  f r o m  c o n n e c t i v e  t i s s u e ,  c a n  
be  u s e d  i n s t e a d  of  s i n g l e  f i be r s .  N o  p a r t i c u l a r  sk i l l  is 
n e c e s s a r y  a n d  t h e  a r r a n g e m e n t  is s i m p l e .  T h e  p o t e n t i a l  
c h a n g e s  c a n  e a s i l y  be  r e c o r d e d  a n d  t h e  t i m e  c o u r s e  of  t h e  
a c t i o n  o f  i o n s  o r  d r u g s  a f f e c t i n g  t h e  m e m b r a n e  p o t e n t i a l  
c a n  be  c o m p a r e d  q u a n t i t a t i v e l y  (Fig .  2). A l t h o u g h  i t  is 
n o t  y e t  p o s s i b l e  t o  m e a s u r e  a c t i o n  p o t e n t i a l s  b y  t h i s  
p r o c e d u r e ,  t h e s e  a d v a n t a g e s  a p p e a r  t o  j u s t i f y  p u b l i c a -  
t i o n .  T h e  m a i n  d i f f i c u l t y  is t o  m a k e  a s u c r o s e  s o l u t i o n  o f  

1 A; F. HUXLEY and R. STXMPFLI, J. Physiol. 112, 476 (1951). 

h i g h  e n o u g h  s p e c i f i c  r e s i s t a n c e .  T h i s  c a n  be  d o n e  b y  
u s i n g  d i s t i l l e d  w a t e r  f r o m  a n  i on  e x c h a n g e r  c o l u m n  for  

40 mM KCI Ringer 

isotonic KOl solution 

)- j 
narma/ Ringer 

./OmV 

norme/ Rim er l min 

I I I I I I I I I I I 

Fig. 2 . - -Example of the depressing action of K-rich solutions. 40 
mM K-Ringer (left) depresses the membrane potential of a bundle of 
myelinated frog nerve fibers by at least 46 mV (equilibrium was n o t  
yet obtained when RINGER'S was given again) and isotonic KCl-solu- 
t/on brings it down by at least 64 mV (same remark as above) x-axis = 
time in minutes, y-axis = mill/volts. Note sharp decrease in 
potential at application of K-rich solutions and slower recovery 
after change to RINGER'S. Complete recovery is regularly observed 
at small K-concentrations and frequently with isotonic or hypertonic 

K -solutions. 

d i l u t i o n  or  b y  c . i r cu l a t i ng  t h e  d i l u t e d  s u c r o s e  t h r o u g h  a n  
ion  e x c h a n g e r .  

e .  ST.&MPFLI 1 

Physiological Institutes o/ the University o[ Berne, 
Switzerland, and o] the Saar-University, Homburg, 
Saarland, June 6, 1954. 
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1 Present address: Physiological Inst i tute of the University of 
Saarland, Homburg, Saar. 
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