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das  Ger innse l  i n n e r h a l b  30 min  vol ls t / indig,  K a n i n c h e n -  
k a m m e r w a s s e r  teilweise, bei den  i ibr igen  is t  makroskop i sch  
ke ine  Lyse  zu e r k e n n e n .  

E s  is t  d a m i t  nachgewiesen ,  dass  K a m m e r w a s s e r  von  
Mensch  u n d  ve r sch i edenen  T ie ren  e in  f ib r ino ly t i sches  
F e r m e n t s y s t e m  enth / i l t ,  das  s ich gegeni iber  S K  q u a l i t a t i v  
gleich verh~ilt  wie das  e n t s p r e c h e n d e  P lasma .  Es  ist  fe rner  
wahrsche in l i ch ,  dass  die ak tue l le  t i b r ino ly t i s che  Akt ivi t~i t  
im K a m m e r w a s s e r  gr6sser  ist  als im P lasma .  

a .  F R A N C E S C H E T T I  u n d  E.  E I C H E N B E R G E R  

Universitdtsaugenklinik Gen/ und Forschungsinstitut Dr. 
A.  Wander A.G., Bern, 25. November 1958. 

Summary 

In  the  aqueous  h u m o u r  of h u m a n  sub jec t s  and  of va r ious  
a n i m a l  species, a f ib r ino ly t ic  s y s t e m  has  been  d e m o n s t r a t e d  
which ,  as regards  s t r ep tok inase ,  shows t he  same p roper t i e s  
as the  co r r e spond ing  p lasma.  P r e s u m a b l y  t he  ac tua l  
f ib r ino ly t i c  a c t i v i t y  in t he  aqueous  h u m o u r  is g rea t e r  t h a n  
in t he  p l a sma .  

The Incorporation of Ha-Thymidine 
in Newly  Differentiated Nuclei  of Roots 

of Vieia /aba 

FRIEDKIN a n d  WOOD 1 h a v e  s h o w n  t h a t  label led  t h y m i -  
d ine  is r ead i ly  ut i l ized for desoxyr ibose  nucleic  ac id  
(DNA) syn thes i s ,  whereas  label led t h y m i n e  is not ,  a n d  it  
has  been  conc luded  f rom b iochemica l  s tud ies  t h a t  labe l led  
t h y m i d i n e  is i n c o r p o r a t e d  on ly  in to  t h e  D N A  ~,aa. H a- 
t h y m i d i n e  ha s  b e e n  used to  inves t iga te ,  b y  m e a n s  of 
a u t o r a d i o g r a p h y ,  the  m o d e  of rep l i ca t ion  of ch romo-  
somes  ~,n. The  o b s e r v a t i o n s  d iscussed he re  conce rn  the  in- 
c o r p o r a t i o n  of H a - t h y m i d i n e  in to  t he  D N A  in nucle i  of 
cells b e g i n n i n g  to e longa te  in roo ts  of Vicia/abe*. 
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Seedlings of V. /aba, wi th  l a te ra l  roots ,  were g rown a t  
a t e m p e r a t u r e  of 20°C in s e p a r a t e  c o n t a i n e r s  in 30 mt  of 
t a p - w a t e r  to  which  25 gc of H a - t h y m i d i n e  (suppl ied  b y  
Messrs. Schwar t z  Inc. New York)  was added .  Af t e r  12 h 
tile roots  were washed in w a t e r  a n d  t h e  p l a n t s  t r a n s f e r r e d  
to pure  t ap-wate r .  Roots  were fixed a t  2, 4, 6, 12, a n d  
24 h a f te r  the  beg inn ing  of t r e a t m e n t  a n d  a u t o r a d i o g r a p h s  
of sect ions  and  squash  p r e p a r a t i o n s  were p r e p a r e d  b y  t h e  
s t r ipp ing  film technique .  

A surpr i s ing  feature  of the  i n c o r p o r a t i o n  of H~- thymi  - 
dine in I'icia roots  is the  in t ens ive  i n c o r p o r a t i o n  t h a t  
occurs  in the  nuclei of some cells b e g i n n i n g  e l o n g a t i o n  
(Fig. 1). Au to rad iog raphs  over  these  nuclei  show a g r e a t e r  
dens i ty  t h a n  a n y  of those  over  m e r i s t e m a t i c  nuclei ,  ex-  
cep t  in a few apical  cells a d j a c e n t  to  t h e  roo t  cap.  In  roo t s  
f ixed 2 h a f te r  the  beg inn ing  of t r e a t m e n t ,  t h i s  i n t en s e  
label l ing is f lmnd in a b o u t  25% of t h e  cells a t  a d i s t a n c e  
of 3 to  5 m m  beh ind  the  1.5 to  2 m m  of mer i s t em.  I t  
begins  in cells a t  a d i s tance  of a p p r o x i m a t e l y  1.9 m m  
f rom the  t ip  of the  root  (Fig. 2a  an d  2b), as is e v i d e n t  
f rom roots  fixed af te r  2, 4, and  6 h. Some heav i ly  label led  
nuclei  occur, however,  in d imin i sh ing  f r equency  as far  
back  as 9 to  10 m m  af te r  6 h, the  full l e n g t h  of tile ava i l -  
able  sect ions.  

The  in tense  label l ing is a t  first conf ined  m a i n l y  to long 
co lumns  of nuclei  in the  cortex,  the  m o s t  heav i ly  labe l led  
nuclei  be ing  those  fu r thes t  f rom the  mer i s t em.  G r a i n  
c o u n t s  show an  increase in label l ing tip to  6 h, t h e n  t h e  
n u m b e r  of gra ins  per  nucleus is s table ,  i nd i ca t i ng  t h a t  t h e  
i nco rpo ra t ion  of t t a - t hymid ine  con t inues  in these  nuclei  
d u r i n g  the  first  4 to (} h. The  f requency  of label led  nucle i  
also increase for some t ime, an d  a f t e r  12 a n d  24 h t h e  
nuclei  first  to become heavi ly  labelled are found  f u r t h e r  
back  in the  root,  in zones a b o u t  15 m m  an d  30 m m  re- 
spec t ive ly .  

In  add i t i on  to nuclei which  are even ly  an d  i n t ense ly  
labelled,  a few are found in which  label l ing  is con f ined  to  
some p a r t s  of the  nucleus  (l:ig. 3 a an d  3b). Th i s  p a t t e r n  
of label l ing  is usual ly  not  connec ted  wi th  nuc leo la r  chro-  
m a t i n  or  h e t e r o c h r o m a t i c  regions. 

In  all samples  of roots  a few label led nuclei  occur  in 
e h m g a t i n g  cells of the  vascu la r  sys tem,  b u t  genera l ly  on ly  
the  large obvious ly  polyploid nuclei  are labelled.  

W i t h  exposures  cur ta i led  to 4 days,  i t  was possible  to  
m a k e  gra in  coun t s  in a u t o r a d i o g r a p h s  of s q u a s h  p r e p a r a -  
t ions  of roots  fixed af te r  2 h from the  s t a r t  of t r e a t m e n t .  
On average  a b o u t  twice its n l a u y  gra ins  were found  ove r  
t h e  nuclei  a t  4-7 m m  from tile t ip  t h a n  ove r  t h e  m o s t  
i n t ense ly  labelled in t e rphase  nuclei  of t h e  m e r i s t e m  in t h e  
same  root.  These  grain  c o u n t s  ind ica te  t h a t  in t h e  elon-  

1"9 n u n  ~ Apex  iff Mer is tem ~" 

Fig.  l . - - I n c o r p o r a t i o n  of H a - T h y m i d i n e  in a roo t  of I'icia /aba. A u t o r a d i o g r a p h  of a sec thm,  Maim'd  a f t e r  l )ho tog raph ic  lmwessing 
with Toluid ine  blue.  
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Fig. 2a.--Mcristeinatic region of the same section as Fig. 1. Note the 
heavy autoradiograph over some nuclei in the developing root cap 

g a t i n g  zone a d j a c e n t  to  the  m e r i s t e m ,  nucle i  in t he  co r t ex  
incorpora te  twice as m u c h  t h y m i d i n e  in to  the i r  I )NA as 
those  in m e r i s t e m a t i c  cells. Th i s  i n t ens ive  i nco rpo ra t i on  
appea r s  to  beg in  in nucle i  a t  a b o u t  1.9 m m  f rom t h e  t ip  
of t he  roo t  a n d  coincides  w i th  t he  t ime  a t  wh ich  cell- 
d iv is ion  ceases.  
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Fig. 3a .~A heavily labelled nucleus 2 h after labelling from a squash 
taken at a distance of 4-7 mm from the tip. Note the even distribution 

Fig. 3b.-- A weakly labelled nucleus from the same squash as Fig. 3a. 
Note the uneven distribution 

The  a m o u n t  of D N A  per  n u c l e u s  in roo t s  of  Vic ia  [aba 
has  been s tud ied  b y  HOLMES et al. 7, JENSEN 8'~, a n d  
DEELEV et al. ~°. The  ava i lab le  l i t e r a tu re  s u g g e s t s  s o m e  

7 B. E. HOLMES, L. K. MEE, S. HORNSEY, and L. H. GRAY, Exp. 
CelI Res. 8, 101 (I955). 

8 W. A. JENSEN, Exp, Cell Res. 8, 506 (1955). 
W. A. JENSEN, Exp. Cell Res. lO, 222 (1956). 

x0 E. M. DEELEY, H. G, DAWES, and J. CHAYEN, Exp. Cell Res. 
12, 58~ (1957). 

Fig. 2b.--Same section as Fig. 1, 1.9 mm from the tip. Note the 
cohmms of heavily labelled cells 

v a r i a t i o n  in the  l e ng th  of m e r i s t e m ;  ou r  own o b s e r v a -  
t ions  on l ong i t ud ina l  sec t ions  agree w i th  t hose  of J ENSEN 8 
whose  p u b l i s h e d  d a t a  ~ show t h a t  ne a r l y  all nucle i  a t  a 
d i s t a nc e  of 1.9 m m  f rom the  t ip  of t he  root  c o n t a i n  4 C 
(prophase)  v a l u e s  of D N A .  Accord ing  to  t he  Fe u tge n  
m e a s u r e m e n t s  of ])EELEY el al. a sma l l  p r o p o r t i o n  of 
nucle i  h o w e v e r  a t t a i n  a n  8 C va lue  a t  a b o u t  8 m m  f rom 
tile t ip.  R e c e n t l y  SNOAI) 11, in m a t e r i a l  g rown  u n d e r  t he  
s a m e  cond i t ions  as  those  used  b y  us, h a s  f ound  by  m e a n s  
of F e u l g e n - p h o t o m e t r y  t h a t  nucle i  in t h e  c o r t e x  c o n t a i n  a 
4 C a m o u n t  of D N A  a t  a d i s t a nc e  of 2 m m ,  b u t  t h a t  
F e u l g e n  v a l u e s  were r educed  by  2 0 - 2 5 %  b e t w e e n  5 a nd  
20 m m  d i s t ance  f rom the  root  tip. I t  can  there fore  be con-  
f iden t ly  a s s u m e d  t h a t  no increase  in a m o u n t  of D N A  per  
cell occurs  in cor t ica l  t i s sue  a t  a d i s t a nc e  of 2 m m  f rom 
t h e  tip.  

Since h e a v i l y  labelled nucle i  are  also found  in t he  de- 
ve lop ing  root  cap,  s ide by  side w i th  m e r i s t e m a t i c  cells, 
h i g h e r  specific a c t i v i t y  of t h y m i d i n e  is un l ike ly  to be 
respons ib le  for t he  h e a v y  label l ing  in cells in the  cor tex .  
I t  is c lear  f rom the  ava i lab le  ev idence  t h a t  t he  incorpora -  
t ion  of t h y m i d i n e  in to  t h e  D N A  of cor t ica l  cells a b o u t  to  
e longa te  is u n c o n n e c t e d  w i th  increase  in p o l y t e n y  or poly-  
ploidy,  and ,  s ince in t ense  label l ing can  be obse rved  as 
soon as 2 h a f t e r  t r e a t m e n t ,  i n d e p e n d e n t  of cell d ivis ion.  
Such  h e a v i l y  label led nucle i  h a v e  no t  been  obse rve d  in 
Vic ia  roo t s  a f t e r  label l ing  of D N A  w i t h  pa~ 1~ or C 14- 
a d e n i n e  la. T h e  inco rpo ra t i on  of , t hymid ine  in these  nucle i  
h a s  there fore  to be r ega rded  as e i t he r  me t a bo l i c  e x c h a n g e  
of th i s  c o m p o u n d  or e n r i c h m e n t  of t he  D N A  wi th  t h y m i -  
d ine  i.e. a c h a n g e  in t he  base  ra t ios .  "vVe feel t he  l a t t e r  
a l t e r n a t i v e  is un l ike ly .  

A t  p r e s e n t  it  wou ld  be  unwise  to  regard  t h i s  p h e n o m -  
e n o n  as a r egu la r  p re requ i s i t e  of d i f f e r en t i a t i on  in roots  
a nd  c o m m o n  to  all species.  O n  the  o t h e r  h a n d ,  i t  is rea-  
sonab le  to s u s p e c t  t h a t  t he  i n t ens ive  i nc o rpo ra t i on  of t h y -  
m i d i n e  ref lec ts  a me t a bo l i c  a c t i v i t y  of t h e  D N A ,  a n d  
the re fo re  poss ib ly  of the  gene t ic  ma te r i a l ,  in t h e  cor t ical  

11 B. SNOAD, unpublished. 
12 A. HOWARD and S. R. PELC, Exp. Cell Res. 2, 178 (1951). 
la S. R. PELC and A. HOWARD, unpublished. 
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nuclei of th is  region of the  root  in t'icia/aba. \\re th ink  it 
unl ikely t h a t  the  full specif ic i ty  of all genes  in a nucleus 
would be requi red  for the  func t ion  of a d i f fe ren t ia t ing  cell 
a t  a cer ta in  stage,  b u t  the  a m o u n t  and  local izat ion of the 
incorpora ted  t h y m i d i n e  indica te  t h a t  all, or a t  least  most  
of the  D N A  is involved.  We  therefore  assume t h a t  in 
th is  ins tance  the  specif ic i ty  of DNA as a chemical  com-  
p o u n d  is required,  t h o u g h  no t  its possible genet ic  speci- 
ficity.  I t  is possible t h a t  th is  incorpora t ion  indica tes  a 
non-specif ic  ac t ion  of D N A  similar  to t h a t  r epor ted  by  
ALLFREY and  MIRSKY 14. W h e t h e r  however  the  labelling of 
pa r t s  of nuclei in some cells is due  to metabo l ic  ac t iv i ty  
of a few genes or to  a s y n c h r o n y  of the  ch romosomes  is 
less clear. 

S, i .  PELC and  L. F. La COUR 

Medical Research Council, Biophysics Research Unit, 
King's College, London and John [nnes Horticultural Insti- 
tution, Bay/ordbury, Heft/oral (Herts), December 10, 195S. 

Tabelle 1 
l)t.r l~influ~s do~ 3,h,thioninsulfoximins auf dh" Liinge tier Wurzcln 

bei de~ Erbsenkeimlingen 

\Vurzeln 

Anzahl der 
Pflanzen 

' Mittelwert der 
Wurzellange 

i l l  l l l l l i  

Kontrolle . . . . . . . .  

5 , 10 ~ M . . . . .  
10 ~ 3l . . . . .  

MSI 10 a M . . . . .  
10 ~ M . . . . .  
10 5 M . . . . .  
10 ~ at . . . . .  

50 43,6 

I9" 10,6 
35 11,8 
28 20, 5 
24 20,6 
31 33,O 
48 34,7 

* Bei der Mehrzahl der Samen wurde keine Keimung beol)achtct. 
Alle VVerte sind stati~ti~ch signifikant. 

Zusammen/assung 

Bohnenwurze tn  (Vicia /aba) wurden  mi t  Ha-Thymid in  
behande l t .  Au to rad iog raph ien  zeigen A u f n a h m e n  yon 
D N S  in Zellkernen,  welche keine  Zell tei lungen mehr  
d u r c h m a c h e n .  

x* V. G. ALLFREY and A. E. ,'~hRsK'*', l'roc, nat, Acad. Sci., Wash. 
43, 589 (1957). 

l ~ b e r  d e n  E i n f l u s s  d e s  D , L - M e t h i o n i n s u l f o x i m i n s  

a u f  d e n  E i w e i S s t o f f w e c h s e l  b e i  E r b s e n  

Methion insu l fox imin  (MSI), ein Der iva t  tier tebens-  
wich t igen  Aminos~iure Methionin,  ist fiir zahlreiche Orga- 
n i smen  von  besondere r  Gift igkeit .  Berei ts  kleinste  Men- 
gen yon  MSI ve ru r sachen  bei den Versuchs t i e ren  epilep- 
t ische Kr~tmpfe a-a. PACE und I)ER~mT'r 4 bewiesen,  dass  
MSI in vitro die Bi ldung von Glu tamin  aus Glu tamin-  
sgure h e m m t ;  diese Au to ren  b e o b a c h t e t e n  auch einen un- 
gfinst igen Einf luss  des MSI auf  die Samenke imung .  Die 
toxische  Wi rkung  des MSI auf die Versuchs t ie re  kann  
d u r c h  Meth ion in  aufgehoben  werdenLL Dieser Befund  
weis t  da raufh in ,  dass  MSI (als ein Abk6mml ing  des Me- 
thionins)  viel le icht  auf  die P r o t e o s y n t h e s e  stOrend ein- 
wirkt .  

U m  den Einf luss  yon  MSI auf den EiweiSs tof fwechse l  
zu prtifen, h a b e n  wir als verh/iltnism~tssig e infaches  Me- 
dell die Erbsenke iml inge  in Versuch  genommen .  

Das  b e n u t z t e  MSI  wurde  grunds~itzlich nach  den An- 
gaben  von BENTLEY 6 syn the t i s i e r t .  Zum Versuch wurde  
der  Samen  grt iner  E rbsen  (Sorte stupicky zeleny) ver- 
wende t .  Die S a m e n  wurden  in Pe t r i scha len  auf  Zetlstoff- 
wolte, die mi t  w~sserigen L6sungen  von MSI (Konzen-  
t r a t ionsbe re ich  10 -2 bis 10 -6 M) fibergossen wurde,  ge- 
keimt.  Als Kon t ro l l en  d i en t en  in des t i l l ie r tem Wasser  
geke imte  Erbsen .  Nach  10 Tagen  wurden  die Keiml inge  

1 S. N. GERSUOFF und  C. A. ELVE1UEXL J.  biol.  Chem. 192, :569 
(1951); J.  Nu t r i t ion  4,5, 45l  (1951). 

2 S. N. GERSItOFF, Amer.  J.  Physiol .  I84, 4a (lU,Si;). 
a Z. LomN und  J.  K o L o v g t g ,  Ceskoslov. Neuroh)gie 19, 83 (1956). 
4 j .  PACE und E. E. Me DERMOTT, Nature  16! 6 515 (195'2). 
a Z. LODIN trod J .  KOLOU.~EK, (~'eskoMov. Fy.~iologie, im l)ruck.  
6 H. R. I{ENTLEY, E. 12.. ~IC I)F;RMOTT It11(1 J.  I4. \VHITEIIEAD, 

Proc. R. See., London [t3] 1:18, 265 (1951) 

in die einzelnen Vegeta t ionsorgane (Koty ledouen ,  Wur -  
zeln, Blgt ter)  zerteit t .  Wurzel- und Blat t l / ingen w u r d e n  
gemessen und abgewogene Mengen des P f l anzenmate r i a l s  
mi t  gere in ig tem Meersand zerrieben und mi t  70°/0igem 
~ t h a n o l  bei Z immer t empera tu r  ex t rahier t .  Die E x t r a k t e  
wurden  im Vakuum eingeengt  und c h r o m a t o g r a p h i s c h  
analys ier t .  Zur En t f e rnung  anwesender  Pep t i d e  w u r d e n  
b e s t i m m t e  E x t r a k t m e n g e n  in e ingeschmolzenen R6hren  
mi t  zehnfacher  Menge 6 N HCI 48 h bei 110 ° C im Trocken-  
schrank  hydrolys ier t .  

Nach  E x t r a k t i o n  der  freien Aminosguren und Pep t i d e  
wurde  der  Pf lanzenres t  mi t  einer Mischung yon  6 N HC1 
und 85%iger  HCOOH (10: I) bei 110°C innerha lb  48 h 
hydro lys ie r t  und die erw/ihnten Hydro lysa te  im V a k u u m  
yon  Salzsgureres ten befreit .  

Zur zweidimensionalen Chromatographie  der  Amino-  
s/iuren, bzw. Pep t ide  in den E x t r a k t e n  und H y d r o l y s a t e n  
ve rwende t en  wir das Papier  \ V h a t man  Nr. 1: In e r s t e r  
R ich tung  im Pheno l - . \ t hano l -Wasse r  (2: 1:1) mi t  0,1°.o 
Oxin (8-Oxychinolin) in einer Atmosph/ire  w m  3 % i g em 
Ammoniak ,  und in zweiter  Rictatung in n -Bu tano l -Ess ig -  
s~ture-Wasser (4 : 1 : 5), bei zweimal wiederhol ter  E n t w i ck -  
lung 7. 

Fiir  die B e s t i m m u n g  der  Haup t fo rmen  des St icks toffs  
w u rd en  E r b s e n s a m e n  in $thnlicher Weise gekeimt,  in  jeder  
Pe t r i scha te  wurden  100 Erbsensamen  in 30 ml der  MSI-  
I25sung in einer  Konzen t ra t ion  10 -~ M 7 Tage geke imt .  
In  abgewogenen  Mengen wfilst/indig homogen i s i e r t e r  
Keiml inge  wurden  das Trockenmater ia l ,  der  Gesamts t i ck -  
s toff  und  der  EiweiBstickstoff  nach BARNSTI':IN s b e s t i m m t  
und der  Nichteiweit3stickstoff als Differenz zwischen Ge- 
samts t i cks to f f -  und F.iweil3stickstoffgehalt be rechne t .  

P roben  des P f l anzenhomogena t s  wurden  nach  K j e l d ah l  
mineral is ier t  und der  St ickstoff  des Mineral isats  als Am- 
moniak  mi t  der  Mikrodi f fus ionsmethode nach  CONWAY 9 
bes t immt .  

l )e r  Versuch mi t  den Erbsenke iml ingen  zeigt,  dass  MSI  
das P f l anzenwachs tum eindeut ig  und s ta rk  h e m m t  (siehe 
Tab. I). In der  Konzen t r a t ion  10 .2 bis 10 -3 M werden  bei 
den Samen keine Koleopt i len  mehr  gebik le t  und  die 
Wurze ln  sind deut l ich  kiirzer als bei den Kont ro l tp f lanzen .  
In  der  Konzen t r a t i on  10 -4 bis 10 -~ M bi lden sich noch  

7 j .  KOIA)U.~EK, Naturwissenschaften 4 t, 3~.t8 (1957). 
s B. SC~tNE1BVm;, Melody chemickych rozboru krmiv (Brhzda 

Praha 1951), p. I;h 
,a E. J. CONWAV, Mu'rodi//usion and I'olumctric t;.rror (l.ondon 

1947). 


