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condi t ions  exp6r imenta les  d6finies. Les quant i t6s  de 
n idulo toxine  out  6t6 appr6ci6es, pour  l ' ensemble  des 
souches, pa r  compara i son  sur couche mince  de gel de 
silice des f luorescences dgvelopp6es par  des spots  de dilu- 
t ions successives de l '6chant i l lon et  des s t anda rds  pr6par6s 

Tableau II. Synth~se de nidulotoxine par des souches des groupes 
A. nidulans et A. versicolor 

Espgce D~signation Quantit6 de nidulotoxine 
de la souche (rag/1 de culture) 

Par eomparaison Par pes6e aprbs 
de fluorescences cristallisation 

A. nidulans 516 B 49 26,6 
110 C 35 
120 49 
114 C 23 
47 D 1,5 

537 B 15 
523 C 50 
502 J 32 
535 C 25 

A. versicolor A.VN1 36 19,1 
304 C 3 0,9 
305 A 28 17 

A. Sydowi 577 B 26 18,1 
325 34 20 
352 9 2,6 
366 22 8,9 

par t i r  de p rodu i t  cristallis6; ce t te  m6thode  para i t  com-  
por t e r  une marge  d ' impr6cis ion de l 'ordre  de =c 15%. 
Pour  cer ta ines  souches, des volumes  i m p o r t a n t s  de cul- 
ture  ont  6t6 utilis6s pour  purif ier  e t  cristall iser la nidulo- 
toxine  ; en raison de per tes  su rvenan t  aux diff6rents s tades  
de la p r@ara t ion ,  le poids  de cr i s taux est n e t t e m e n t  in- 
f6rienr aux valeurs  estim6es par  appr6cia t ion de l ' in tensi t6  
de la f luorescence sur c h r o m a t o g r a m m e s  de l ' ex t ra i t  brut .  
Dans  le Tableau II  sont  r appor%s  les r6sultats  fournis par  
les 2 m6thodes ;  ces r6sul tats  m o n t r e n t  que cer ta ines  
souches d 'A.  versicolor Tir. et  d'A.  Sydowi Thom et 
Church 61aborent des quan t i%s  i m p o r t a n t e s  de nidulo- 
toxine  5 6 

Summary.  Strains  of A.  versicolor Tiraboshi  and  A. 
Sydowi  Thorn and  Church produce  a toxic metabo l i t e  
spec t rographica l ly  ident ical  wi th  the  nidulotoxin.  

P. LAFONT et J. LAFONT 

Inserm - Laboratoire de Toxicologic Alimentaire, 
Botte postale dO, 
F-78 Le Vesinet (France), 5 ]anvier 1970. 

5 Ce travail a b~n6ficifi d'une aide financi~re de contrats de re- 
eherches de FAction Concert6e <~Aflatoxine,~. 

6 Nous exprimons nos remerciements ~ MICHEL GAILLARDIN pour 
son excellente assistance technique. 

P R O  E X P E R I M E N T I S  

M e a s u r e m e n t  of P u m p i n g  Act iv i ty  in the Gastropod Crepidula fornicata 
In  con t ras t  to mos t  prosobranchs ,  the  l impe t  Crepidula 

[ornicata (L.) - a d a p t e d  to its a lmost  sessile way  of life - 
is a suspension feeder. A wate r  cu r ren t  is p roduced  by  the  
la teral  cilia on the  gill f i laments  which makes  gas exchange  
possible as well as f i l t ra t ion of suspended  par t ic les  
(detri tus,  p lankton ,  etc.). The mechan i sm of f i l t rat ion,  by  
means  of 2 endless, cont inuous ly  secreted mucus  fil ters of 
d i f ferent  s t ructure ,  has  a t t a ined  a high degree of perfec- 
t ion in th is  mollusc. The coarse man t l e  mucus  filter, 
spread at  the  en t rance  to the  man t l e  cavi ty ,  re ta ins  
main ly  large par t ic les  and  the  m u c h  f iner  b ranchia l  
mucus  filter, s i tua ted  benea th  the  gills, entangles  small  
par t ic les  f rom the  wa te r  inspired.  Al though  the  s t ruc tu re  
and func t ion  of the  feeding organs have  been thoroughly  
s tudied  in Crepidula/ornicata 1, no in fo rmat ion  has been  
ob ta ined  on the  ra tes  of wa te r  t r a n s p o r t  and  f i l t rat ion.  

Several  t echniques  of r a the r  d i f ferent  rel iabi l i ty  have  
been  employed  in cor responding  physiological  experi-  
m e n t s  conduc ted  wi th  various species of b ivalves  (cf. 
JORGENSEN ~, WINTERS). The de t e rmina t ion  of p u m p i n g  
ra te  (the m e a s u r e m e n t  of the  inha lan t  or exha lan t  wa te r  
flow) requires  a direct  me thod  : while the  de t e rmina t i on  of 
f i l t ra t ion ra te  (the m e a s u r e m e n t  of t he  decrease in concen- 
t r a t i on  of colloidal or pa r t i cu la te  mat te r )  is achieved in an 
indi rec t  way.  Advan tages  and  shor tcomings  of b o t h  
me thods  have  recen t ly  been  emphas ized  by  WINTER s , 
who expressed reservat ions  agains t  the  appl ica t ion  of t he  
di rect  m e t h o d  because it m a y  lead to  a s ignif icant  impair -  
m e n t  of t he  t e s t  animals.  

In  any  case, to measure  the  flow rates  of suspens ion  
feeders, some manipu la t ions  are necessary  for channel l ing 
the  inflowing or outf lowing wa te r  current .  This s t a t e m e n t  
also per ta ins  to the  principle used wi th  Crepidula /orni- 
cata. I t  is based on photo-e lec t r ic  m e a s u r e m e n t  of wa te r  
t r a n s p o r t  b y  means  of a f lowmeter  allowing cont inuous,  
long- te rm recordings.  Regis t ra t ions  made  over  several  
days,  however,  did no t  indica te  any  recognizable dis tur-  
bances  in the  individuals  t es ted ;  hence, th is  device was 
regarded  as being h ighly  sui table for expe r imen ta l  work  of 
th is  kind.  

The m e t h o d  employed  was designed by  REIN 4 for 
m e a s u r e m e n t  of the  veloci ty  of blood t r a n s p o r t  in blood 
vessels. A modif ied  technique  was developed by  KROGER ~ 
for inves t iga t ions  on p u m p i n g  in t ens i ty  of the  lugworm 
Arenicola marina in situ. This pr inciple  has  been adop ted  
for Crepidula /ornicata wi th  some minor  i m p r o v e m e n t s  
w i th  regard to recording. The f lowmeter  is cons t ruc ted  as 

1 B. WERNER, Helgolfinder wiss. Meeresunters. 4, 260 (1953). 
C. B. JOROENSEN, Biology oJ Suspension Feeding (Pergamon Press, 
Oxford 1966). 
J. E. WINTER, Mar. Biol. d, 87 (1969). 

4 H. REIN, in Handbuch der biologischen Arbeitsmethoden (Ed. E. 
ABDERHALDEN; Urban und Schwarzenberg, Berlin 1935), vol. 8, 
p. 693. 

5 F. KROGER, Helgol~inder wiss. Meeresunters. 77, 70 (1964). 
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follows: t he  e x c u r r e n t  w a t e r  is channe l l ed  t h r o u g h  a 
plexiglass  p ipe  equ ipped  w i t h  a h e a t i n g  f i l amen t  in  i ts  
centre .  Two the rmocoup le s  are p laced  in s y m m e t r i c  
a r r a n g e m e n t  on t he  r i gh t  and  lef t  of t he  f i l a m e n t  t h r o u g h  
wh ich  a h e a t i n g  c u r r e n t  passes  a n d  hea t s  t he  t h r o u g h -  
f lowing water .  The  dif ference in t e m p e r a t u r e  be t w een  the  
t he rmocoup le s  is a measu re  of t he  ve loc i ty  of w a t e r  
m o v e m e n t ;  i t  is inverse ly  p r o p o r t i o n a l  to  t h e  rise in  t em-  
pe ra tu re .  For  r eg i s t r a t i on  of t he  t h e r m o c u r r e n t  a mul t i -  
flex g a l v a n o m e t e r  is used in c o n n e c t i o n  w i t h  a t r a c ing  
recorder  (Figure 1). T he  f lowmete r  m u s t  be  ca l ib ra t ed  
w i t h  k n o w n  flow ra tes  because  t h e r e  is no  l inear  r e l a t ion  
be tween  t he  def lec t ions  on t he  scale of t he  g a l v a n o m e t e r  
and  t he  r a t e  of w a t e r  m o v e m e n t .  T he  degree of prec is ion  
is g rea t e s t  w i t h  low flow ra te s  wh ich  cause large deflec- 
t ions  and  vice versa.  The  lowest  r a t e  of w a t e r  m o v e m e n t  
exac t ly  d e t e r m i n e d  b y  the  f lowmete r  descr ibed  is less t h a n  
0.1 ml /min .  

Crepidula/ornicata offers 2 essent ia l  a d v a n t a g e s  for t he  
app l i ca t ion  of th i s  f lowmete r  : (1) i ts  sessile w ay  of life, a n d  
(2) t he  poss ib i l i ty  of channe l l i ng  t h e  e x c u r r e n t  s t ream.  

I 
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)G L 

Fig. 1. Schematical drawing of the experimental set-up. Limpet (L) 
attached to an empty Crepidula /ornicata shell in connection with 
the flowmeter (designed after KROGERS). For heating, direct current 
(4-6 V) is used; its intensity (30-100 mA) is chosen according to size 
of test animal or pumping rate, respectively. A, ammeter; R, resistor; 
G, multiflex galvanometer (20 ~ internal resistance); TR, tracing 
recorder (model 2 ; Dr. B. Lange, Berlin) ; T, thermocouple (made up 
of a junction of constantan and iron); H, heating filament (15 ~). 
Arrows indicate direction of water movement. 

M e a s u r e m e n t s  can  bes t  be  m a d e  w i t h  an  i nd iv idua l  
se t t l ed  on a n  a l m o s t  equa l ly  sized shell  of a dead  l impe t  or 
mussel .  U n d e r  these  condi t ions ,  the  snai l  c a n n o t  change  
posi t ion,  and,  fu r the rmore ,  t he  e x h a l a n t  a p e r t u r e  
s i t u a t e d  on  t he  an t e r i o r  r i gh t  side can  be  exac t ly  localized. 
The  closed end  of a p ipe t t e  b u l b  is cu t  open  and  accu ra t e ly  
s tuck  to t he  u p p e r  side of t he  shell  of t he  t e s t  a n i m a l  a n d  
to t he  unde r s ide  of the  shell  se rv ing  as s u b s t r a t u m .  I n  
th i s  way,  and  b y  avo id ing  leaks, t he  e x c u r r e n t  w a t e r  can  
be  q u a n t i t a t i v e l y  i so la ted  and  d i rec ted  in to  t h e  flow- 
meter .  Th i s  device is elast ic  enough  no t  to  h a m p e r  t h e  
t e s t  a n i m a l  w h e n  l i f t ing off i ts  shell  f rom the  base  for 
pumping .  Careful  p r e p a r a t i o n  allows r epea t ed  use of an  
a n i m a l  in  flow e x p e r i m e n t s  for severa l  mon ths .  

As m e n t i o n e d  above,  t he  essent ia l  a d v a n t a g e  of th i s  
v e r y  sens i t ive  m e t h o d  is t he  poss ib i l i ty  of c o n t i n u o u s  
measur ing .  An  example  of r eg i s t r a t ion  is g iven  in F igure  2. 
I t  i l lus t ra tes  t h a t  p u m p i n g  a c t i v i t y  has  a r a t h e r  dis- 
con t inuous  course. A g rea t  n u m b e r  of record ings  wh ich  
show s imi la r  p a t t e r n s  ind ica te  t he  occur rence  of r h y t h m s  
w i t h  r a t h e r  shor t  periods.  Phases  of a more  r ap id  w a t e r  
m o v e m e n t  a l t e r n a t e  w i t h  phases  of less w a t e r  flow. Un-  
d i s t u r b e d  l impe t s  genera l ly  p u m p  con t inuous ly ;  exper i -  
m e n t s  in  closed s t a n d i n g - w a t e r  sys t ems  as well  as in  
a q u a r i u m s  w i t h  r u n n i n g  sea -wate r  sugges t  t h a t  per iodic  
res t ing  phases  do no t  occur. 

In  conclusion,  th i s  m e t h o d  m a k e s  i t  possible  to  o b t a i n  
q u a n t i t a t i v e  resu l t s  on t he  vo lume  of w a t e r  t r a n s p o r t e d  
pe r  u n i t  t i m e  and  t h e  responses  to  a n d  inf luences  of bio- 
logical, chemica l  and  phys ica l  fac tors  on  t he  r a t e  and  
p a t t e r n  of pumping .  I n v e s t i g a t i o n s  on  these  p rob l ems  are 
in progress.  

Zusammen/assung. Die P u m p a k t i v i t ~ t  der  Pan tof fe l -  
schnecke  Crepidula /ornicata (L.) wird  m i t  Hilfe eines 
S t r6mungsmesse r s  (Pr inz ip  der  T h e r m o s t r o m u h r  n a c h  
REIN), d u t c h  den  das  a u s s t r 6 m e n d e  A t e m w a s s e r  gele i te t  
wird, pho toe l ek t r i s ch  gemessen.  Die darges te l l te ,  sehr  
empf ind l i che  Methode  g e s t a t t e t  eine kon t inu ie r l i che  
Reg i s t r i e rung  des Akt iv i t /~ tsver laufs  u n d  e rm6g l i ch t  
q u a n t i t a t i v e  Aussagen  fiber die P u m p l e i s t u n g .  

H. -P .  BULNIIEIM 

Biologische A ~stalt Helgoland, 
Central Laboratory, 
D-2000 Hamburg 50 (Germany), 21 December 1969. 
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Fig. 2. Original recording of pumping activity oI Crepidula /ornicata (26 mm shell iength) at 15 ~ (inserted within a standing-seawater 
aquarium). 



810 Specialia EXPERIENTIA 26/7 

P R O  N A T U R A  I N T E G R A  

E d i t o r ' s  note .  U n d e r  t he  t i t le  of 'P ro  N a t u r a  I n t e g r a ' ,  pape r s  on  f u n d a m e n t a l  research  in t he  field of b io -p ro t ec t i on  
will appear .  Over -popu la t ion ,  u n d e r - n u t r i t i o n  a n d  changes  in e n v i r o n m e n t  h a v e  led to  ecological  d i s t u r b a n c e s  in  t he  
ba lance  of N a t u r e  wh ich  t h r e a t e n  t he  ex is tence  of m a n k i n d .  Man  is faced w i t h  u n c e r t a i n t y  t h r o u g h  t he  changes  in 
his  e n v i r o n m e n t .  

The  fol lowing ar t ic le  b y  ERWIN CHARGAFF does no t  seem to  f i t  a t  f i rs t  g lance  u n d e r  th i s  heading .  B u t  t h e  wr i t e r  
shows, t h a t  the re  is ju s t  as an  i m p o r t a n t  b a l a n c e  in t he  m e n t a l  e n v i r o n m e n t  as t h e r e  is in  t he  N a t u r a l  E n v i r o n m e n t .  
Th i s  is expressed in t h e  sc ien t i s t ' s  ep is tomologica l  v iew of t h e  world.  H . M .  

Vorwort  zu einer Grammat ik  der Biologie  1 

Hundert Jahre Nukleinsiiureforschung 
V o n  ERWlN CHARGAFF 

Columbia  Unive r s i ty ,  Cell C h e m i s t r y  L a b o r a t o r y ,  College of Phys ic i ans  and  Surgeons,  New York  (N.Y. 10032, USA).  

DARWINS Origin o] Species, wahrsche in l i ch  eines der  
e inf lussre ichs ten  Bi icher  in  der  Gesch ich te  der  N a t u r -  
wis senschaf t en  ~, e r sch ien  im J a h r e  1859. Die offenmS~u- 
lige, a u g e n v e r d r e h e n d e ,  unau f r i ch t ige  B e w u n d e r u n g  der  
Na tu r fo r schung ,  welche unsere  Zei t  cha rak te r i s i e r t ,  se tz te  
j edoch  viel  spS~ter ein. So k o n n t e  z u m  Beispiel  der  sehr  
geschei te  PEACOCI<, SI~LLE'ZS a l tgewordene r  J n g e n d -  
f reund,  in se inem le tz ten ,  1860 e r sch ienenen  R o m a n  
zwei H a u p t p e r s o n e n  wie folgt  sp rechen  lassen.  

<~Lord C u r r y f i n : . . .  W e  o u g h t  to  h a v e  more  wisdom,  
as we h a v e  c lear ly  more  science. - The Rev. Dr. Opimian: 
Science is one t h i n g  and  wisdom is ano the r .  Science is an  
edged tool  w i t h  wh ich  m e n  p l ay  l ike ch i ld ren  a n d  cu t  t he i r  
own  fingers.  I f  you look a t  t he  resul t s  wh ich  science has  
b r o u g h t  in i ts  t ra in ,  you  will  f ind  t h e m  to  consis t  a lmos t  
whol ly  ill e l emen t s  of mischief  . . . .  T he  day  would  fail, if 
I shou ld  a t t e m p t  to  e n u m e r a t e  t he  evils wh ich  science has  
inf l ic ted on  m a n k i n d .  I a l m o s t  t h i n k  i t  is t h e  u l t i m a t e  
des t iny  of science to  e x t e r m i n a t e  t he  h u m a n  race~ 3. 

W e r  wfirde je tz t ,  da  wir  d iesem Ziel so viel  n~ther ge- 
k o m m e n  sind, es noch  wagen,  so zu schre iben  ? Es  g ib t  
n i ch t s  ~Lrgeres, als in  f in s t e ren  Zei ten  als vir obseurus ver-  
ru fen  zu werden.  D e n n o c h  wag te  es JEAN PAUL in j ene r  
~,Kriegs-Erkl~trung gegen den  Krieg~L Teil  des wunde r -  
ba ren ,  wunde r l i chen  Buches ,  dessen Ver6 f f en t l i chung  so 
viet  Miihe kos t e t e ;  137 J a h r e  vo r  der  Exp los ion  der  e r s t en  
A t o m b o m b e :  <,Und wer  b i i rg t  u n t e r  den  une rmess l i chen  
E n t w i c k l u n g e n  der  Chemie  n n d  P h y s i k  dagegen,  dass  
n i c h t  endl ich  eine M o r d m a s c h i n e  e r f u n d e n  werde,  welche  
wie eine Mine m i t  E i n e m  Schusse  eine Sch lach t  l iefer t  nnd  
schl iesst ;  so dass  der  Fe ind  n u t  den  zwei ten  t h u t ,  u n d  so 
gegen A b e n d  der  Fe ldzug  a b g e t h a n  is t  ? ,>4. 

A b e t  ich will in  d iesem Versuch  m i t  e inem Sti lIen im 
L a n d e  beg innen ,  m i t  FRIEDRICH MIESCHER, der  vo r  h u n -  
de r t  J ah ren ,  im  J a h r e  1869, so zwischen T i ib ingen  u n d  
Basel ,  die Nukle ins / iu ren  en tdeck te .  Als dies geschah,  ha t ,  
wie n i c h t  ande r s  zu e rwar ten ,  ke in  H a h n  d a n a c h  ge- 
k r~h t .  Die r iesigen Publ iz i t~ t t smaschinen ,  die h e u t e  auch  
den  k l e ins t en  Zug auf  d e m  S c h a c h b r e t t  der  N a t n r  m i t  
e n o r m e n  F a n f a r e n  begle i ten ,  w a r e n  noch  n i c h t  in  Posi- 
t ion.  F i in funds iebz ig  J a h r e  m u s s t e n  vergehen ,  b e v o r  die 
B e d e u t u n g  der  Miescherschen  E n t d e c  kunggewi i rd ig t  wet-  
den  konn te .  Es  b e d u r f t e  dazu  eines a n d e r n  s t i l len Mannes .  
I ch  werde  ihn  ba ld  erw~thnen. 

I I  
I ch  mSch te  diese k u r z e n  B e t r a e h t u n g e n  u n t e r  den  

Schu tz  zweier Ausspr i i che  stel len.  Der  ers te  s t a m m t  yon  
e inem u r a l t e n  gr iechischen  Dich te r ,  dem  die E r f i n d u n g  

der  I a m b e n  zugeschr ieben  wird :  Archi lochos  aus  Paros ,  
welcher  sagte  (warum weiss n i emand)  : ~Viele Dinge  weiss 
der  Fuchs ,  abe r  der  Igel  ein grosses Ding~> 5. Der  zwei te  
A u s s p r u c h  abe r  s t a m m t  yon J6~IERKEGAARD, der  1849 
folgendes in se inem T a g e b u c h  no t i e r t e :  <~Ein e inzelner  
Mensch  k a n n  e iner  Zei t  n i c h t  helfen,  er k a n n  n u r  aus-  
dri icken,  dass  sie untergeht~> ~. 

Die e r s t en  W o r t e  bez iehe  ich auf  MIESCHER n n d  die 
zwei ten  auf  unse re  Zeit.  Es  is t  j e t z t  gerade  h u n d e r t  J a h r e  
her,  dass  FRIEDRIC~I MIESCHER im J a h r e  1869 die Nu-  
kleins~turen en tdeck te .  Zuers t  aus  L y m p h o z y t e n k e r n e n ,  
u n d  spXter aus  den  S p e r m a t o z o e n  des Rhein lachses ,  iso- 
l ier te  er, was  wir  j e t z t  als D N A  beze ichnen :  die Desoxy-  
r ibonukle ins~ure .  MIESCHER selbs t  - u n d  dies geh t  aus  
se inen  Br ie fen  u n d  d e m  Ton  seiner  ged r~ng ten  A r b e i t e n  
Mar  h e r v o r  - war  sich der  W i c h t i g k e i t  seiner  Beobach-  
t u n g e n  wohl  b e w u s s t L  Sie m a c h t e n  j edoch  wenig  E in -  
d ruck  auf  ihre  Zei t ;  u n d  wie ger ing der  W i d e r h a l l  war,  
k a n n  m a n  vie l le icht  d a r a u s  e rkennen ,  dass  sogar  h e u t e  die 
gegenw~trtig bes te  Gesch ich te  der  N a t u r w i s s e n s c h a f t e n  in 

1 Dieser Aufsatz ist aus einem Vortrag hervorgegangen, den ich am 
30. Mai 1969 in der Aula der Universit~t Basel anl~isslieh der 
Vierteljahrhundertfeier der Zeitschrift EXPERIENTIA hielt. 
Seine Abfassung wurde durch eine Zuwendung seitens des 'Scot- 
tish Rite Committee on Research in Schizophrenia' erleichtert. 
Biologisehe Hypothesen werdell im Mlgemeinen voll der 0ffent- 
lichkeit vieI bereitwilliger und schneller aufgenomen als ehemische 
oder physikalische Erkenntnisse. So ellthfilt der Index zu Schleeh- 
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grosse Ausnahme. 

a THOMAS LOVE PEACOCK, Grill Grange, chapter 19. 
JEAN PAUL, Ddmmerungen fi~r Deutschland, in Sdmtliche Werke 
(Reimer, Berlin 1862), Bd. 25, S. 91. - Eine llieht un~ihnliehe 
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6 S6REN KIERKEGAARD, Die Tagebi~cher. Ausgew~hlt und iiber- 
setzt yon Theodor Haeeker (Brenner-Verlag, Illnsbruek 1923), 
2. Bd., S. 33. 

7 FRIEDRIeH MIESCHER, Die histochemischen und physiologisehen 
Arbeiten, gesammelt ulld herausgegeben yon seinen Freunden. 
2 Bde. (F. C. W. Vogel, Leipzig 1897). Besonders lesenswert silld 
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