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speed is also qui te  different  f rom t h a t  observed in ex t rac ts  
of bar ley seed ~o and pea cotyledon ~~ where i t  is a lways 
slower than  the  e-amylase.  But  i t  is possible t ha t  the root  
/~-amylase is ra ther  different  f rom tha t  of the  seeds, which 
is formed of several  subuni ts  and somet imes  bound to 
protein-residues 19. 

Present  results  indicate  t h a t  Le~s roots  conta in  a t  least  
3 amylases.  In  Pisum, the  electrophoresis  on polyacryl-  
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amide  gel revealed 2 bands wi th  amylase  act ivi ty ,  which 
are not  only located in the roots, bu t  are found also in 
the  o ther  par ts  of the  p lan t  3. The  analysis of the  products  
of the  enzymat ic  degradat ion  seems to indicate  t ha t  
only the  ~-amylase is present  in the  axis of pea, whereas 
the  cotyledons conta in  both  ~- and #-amylase 2~. But  it  
mus t  be noted  tha t  such p lan t  contains  also amylopec t in  
1,6-glucosidase n, which was not  found in the  ext rac ts  of 
lenti l  roots. 

I f  the  physiological  role of the  amylases  is now well 
established in seeds, i t  is not  the  case in o ther  organs like 
roots. For  instance, the  u l t ras t ruc tura l  observat ions  on 
the des tarching of amyloplas ts  in lentil  root  s t a t enchyma  9 
following a t r e a t m e n t  wi th  gibberell ic acid, and in wheat  
coleoptile t rea ted  wi th  GAa or kinet in  - this la t te r  
correlated with an increase of amylase  ac t iv i ty  ~2 _ allow 
the  hypothesis  of the in te rvent ion  of one or more amylases 
in the  hormona l  control  of s tarch metabol ism.  

Rdsumd. Les amylases  de la racine de Lens culinaris sont 
61u6es en nn seul pic par  chromatograph ie  sur gel de 
Sephadex  G-50 et G-100. Par  contre,  l '61ectrophor~se en 
p laque de gel de po lyacry lamide  r6v61e 3 zones d 'ac t iv i t6  
amylasique.  Deux  d 'en t re  elles sont consti tu6es d ' isozymes 
d'c~-amylase; la troisi~me pourra i t  6tre une fl-amylase, 
bien qu 'e l le  ne poss~de pas toutes  les propri6t6s g6n6rale- 
meri t  a t t r ibu6es ~ ce t te  enzyme.  
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Fig. 2. Zymogram of the electrophoresis on 7% polyacrylamide gei; 
central parts of gel slices. A) total extract; B) 70~ heated extract; 
C) gel incubated with PMC; D) gel incubated with EDTA. 

~ J. L. STODDART, Planta 97, 70 (1971). 
2o B. O. JULIANO and J. E. gARNER, Plant Physiol. rig, 886 (1969). 
~ R. SWAIN ,and E. D E K I ~ ,  Biochim. biophys. Aeta 122, 75 (1966). 
2~ A. NOVaAREDe, P. A. SIMO~IN and P. E. PILE% C. r. hebd. S6ane. 

Aead. Sci., Paris 276, 3299 (1973). 

Clearance of Concentrated Thymidine  and Deoxycyt idine  from the Plasma of CBA Mice 

:Tr i t ia ted thymid ine  (3HTdR) is commonly  used as a 
label led  precursor  of D N A  both  in v ivo  and in v i t ro  and 
da ta  is avai lable  on clearance from plasma at  the  con- 
centra t ions  used (usually ~ 1077M) ~,~. At  much  higher  
concent ra t ions  (above 10-3M), T d R  is used in v i t ro  to 
induce synchrony  of mitosis  ~-5. Phosphory la t ion  of TdtZ 
produces large amounts  of t hymid ine  t r iphospha te  which 
inhibi ts  the  cytosine d iphosphate  to deoxycytos ine  
d iphosphate  p a t h w a y  so tha t  r emova l  of T d R  releases 
cells from a block of D N A  synthesisS,L Before a t t emp-  
t ing s imilar  studies in v ivo  clearance rates of concent ra ted  
T d R  were needed and results are presented here. As 
deoxycyt id ine  (CdR) can bypass a T d R  block in v i t ro  s-10 
some da ta  is also included on its clearance. 

Materials and methods. Animals :  CBA mice were used 
(F36-41), or ig inal ly  f rom Carshal ton M.1R.C. Labora to ry  
Animal  Centre. Animals  were weighed to :k 0.1 g and in 
E x p e r i m e n t  1 the  age recorded. 

inocula.  T d R  and CdR (Sigma) in Hank ' s  B S S  were 
membrane  steril ised before i.p. inject ion.  3HTdR (S.A. 
5 Ci/m21d r) and *HCdR (S.A. 25 Ci /mM) were f rom 
Amersham and used at  5~zCi/ml of inoculum. 

Procedure.  Blood was obta ined  in hepar in ized micro-  
haema toc r i t  tubes f rom the  re t roorbi ta l  sinus (ROS) un- 
der e ther  anaesthesia,  or  f rom cardiac punc tu re  fol lowing 

cervical  dislocation.  The  cells were spun down and two 
al iquots  of ei ther  0.1 ml cardiac p lasma or 10 ~zl (Shandon 
microcaps) R O S  plasma were taken,  one for es t imat ion  
of to ta l  31t ac t iv i ty  and the  o ther  for t r i t i a ted  water  
(THO) de terminat ion .  As wate r  is the  most  c o m m o n  "H 
labelled end product  of ~HTdR degradat ion,  i t  was 
assumed tha t  the difference would represent  TdR,  wi th  
only small  quant i t ies  of in te rmedia te  products .  
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Fig, 1. A) Clearance curve of T d R  from car- 
diac deproteinized mouse plasma (15 mice 
per point  :t: 95% confidence limits). B) 
Linear (tx/~ = 28 min) and quadratic func- 
tions fitted to loci0 concentration data  of A). 

T H O  determinat ion.  Each  a l iquot  of plasma was 
di iuted wi th  carrier  water  to 0.1 ml  and placed in a pe t r i  
dish on a 60~ ho tp ta t e~ t  The lid was cooled by an 
ace tone/dry  ice mixture ,  so tha t  the  frozen dist i l late 
containing T H O  could be collected. 

To ta l  aH ac t iv i ty  determinat ion,  i n  E x p e r i m e n t  1 the  
prote in  in 0.1 ml  p lasma was prec ip i ta ted  by  the  addi t ion  
of 0.1 ml  10% tr ichloracet ic  acid. The  precipi ta te  was 
spun down and 0.1 ml  clear superna tan t  placed in scintil- 
la t ion fluid. When  mic rohaematocr i t  tubes  were used, 
they  were scratched wid t  a diamond,  broken above the  
buffy coat  and 10 ~1. p lasma placed direct ly  into scintil- 
la t ion fluid. The small  amoun t  of prote in  prec ip i ta te  pro- 
duced l i t t le  quenching. 

Scint i l la t ion counting.  Samples were dissolved in 
Bray ' s  scint i l lat ion fluid and counted  on a Nuclear  
Chicago IV[K I I  counter.  Resul ts  were corrected for quen-  
ching by  the  channels rat io method.  

Results. E x p e r i m e n t  1, Clearance of T d R  from cardiac 
blood. Mice of widely  different  weights  (14-27 g) and 
ages (8-40 weeks) were used, and given 300 m M  T d R  i.p. 
a t  0.02 ml /g  body weight.  Af te r  var ious  t imes  (5-120 rain) 
groups of 16 mice were sacrificed and cardiac blood taken.  
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Fig, 2. Clearance of TdR from ROS usillg whole plasma from male 
(tV~ = 46 min) and female (tV~ = 48 min) CBA mice. 

To ta l  ~H less pooled T H O  ac t iv i ty  was averaged and plot-  
ted  as a 'difference curve '  (Figure 1A) .THO rises even tua l ly  
to 10 % of the  to ta l  ac t iv i ty  at  2 h. Ear l ie r  the  T H O  curve  
shows a peak  coincident  wi th  the  'difference curve '  peak  
bu t  not  represent ing more than  1.5 % of the  to ta l  at this 
t ime.  P resumably  this  represents  c o n t a m i n a n t  T H O  in 
the  adminis tered  3HTdR.  The 'difference curve '  when 
p lo t ted  as Iogt0 concent ra t ion  against  t ime  approx imates  
to a regression line y(logl0mM ) = 1.5129 - 0.0109 ~ (min) 
i.e. a t l /  ~ of 27.6 min  (Figure 1B). This  is a ve ry  short  tl/~ 
in v iew of the  high T d R  concent ra t ion  reached. A qua-  
drat ic  wi th  s ignif icant  curva ture  (0.05 > p > 0.02) can 
also be f i t t ed  to the  da ta  y( logl0mM ) =: 1.6775 - 0.01877x 
+ 0.00006096x~(min) indicat ing tha t  clearance is not  
s imply  exponential .  

Regressions were also calculated wi th in  each po in t  
against  weight  and age. There were no s ignif icant  regres- 
sions wi th  age bu t  wi th  weight  all  the  slopes were posi t ive  
wi th  2 s ignif icantly different  f rom zero (at 10 m i n p  > 0.001 
and at  60 rain 0.002 > p > 0.001). Thus in all the  follo- 
wing exper iments  the  mouse weights  were s tandardized.  

Expe r imen t  2. Clearance of T d R  from R O S  blood. This  
exper iment  was per formed because the ve ry  rapid  cardiac 
clearance migh t  not  be representa t ive  of venmis  blood 
elsewhere. 10 male  mice (wts. 20-24 g) and 10 females 
(wts. 16-18 g) were injected wi th  0.04 ml /g  body wt. of 
150 m M  TdR.  Samples of R O S  blood were t aken  hour ly  
UP to 4 h and to ta l  3H determined,  Second samples were 
pooled wi th in  each hour ly  group for T H O  determinat ion .  
I t  is apparen t  t h a t  T H O  increases l inear ly  showing 
sa tura t ion  of the  degredat ive  pa thways  bu t  the  'difference" 
curve  is exponent ia l  wi th  a t l /  2 = 46 min  for males and 
48 rain for females (see Figure  2). Male and female slopes 
are no t  s ignif icant ly different  bu t  bo th  are s ignif icant ly 
less t han  the  slope in E x p e r i m e n t  1 (p > 0.001}. T H O  da ta  
was pooled wi th  tha t  f rom other  unpubl ished exper iments  
(when hour ly  booster  inject ions were g iven up to 6 h) and 
shows a good fi t  to the  l inear regression: y ( ~  m M  TdR)  = 
0.000655 + 0.10715x (h) (S.E. :~ 0.00668). 

E x p e r i m e n t  3. Comparison of cardiac and R O S  plasma 
clearance rates. Female  mice (18-22 g) were injected wi th  
T d R  as in Exp t .  2 bu t  blood samples were t aken  i r o n  
bo th  the  R O S  and hear t  of the  same mouse. 3 mice were 
used at  each sampling (Figure 3). A ve ry  large peak  is 
apparen t  early in the  cardiac 'difference '  curve  com- 
pared wi th  tha t  of the  R O S  bu t  la ter  the  2 curves con- 
verge and are similar  af ter  about  60 rain. T H O  represents  
only a small  p ropor t ion  of to ta l  ac t iv i ty  unt i l  3-4 h. If 
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t h e  'd i f fe rence '  va lues  are p l o t t ed  as lOglo (see inse t  
F igure  3) and  us ing  d a t a  f rom 20 m i n  to 3 h only, t h e n  
cardiac  b lood has  a t ~/~ = 39.06 m i n  ( 9 5 %  conf idence  
l imi t s  32.81-48.24 min)  a n d  s inus  b lood  has  a t~/2 = 50,06 
min  (42.77-60.33 min) .  The  slopes of these  2 curves  are  
s ign i f i can t ly  d i f fe rent  f rom t h a t  of E x p e r i m e n t  1. The  
s inus  b lood slope here  shows a s ign i f ican t  di f ference 
(0.05 > p > 0.02) w h e n  c o m p a r e d  w i t h  t h a t  of females  
in  E x p e r i m e n t  2, b u t  t he re  is no  difference w h e n  c o m p a r e d  
w i t h  males.  W h e n  q u a d r a t i c s  are f i t t ed  to  t he  d a t a  t h e n  
ana lys i s  of va r i ance  shows no s ign i f ican t  q u a d r a t i c  te rms .  

E x p e r i m e n t  4. Clearance  of deoxycy t id ine .  A b lock  of 
D N A  syn thes i s  b y  c o n c e n t r a t e d  T d R  can  be  bypas sed  
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Fig. 3. Clearance of TdR from both ROS and cardiac blood of female 
mice (3 mice per point i S.E.). Inset is data 20-180 rain plotted as 
1og10 concentration with fitted linear regressions (t~/~ cardiac ~ 39 
rain, tV~ ROS = 50 min). 

in  v i t ro  by  the  add i t i on  of 1 0 - 5 - 1 0 - " M  CdR. I n  th i s  
e x p e r i m e n t  0.02 ml /g  body  wt.  of 1.5 X 10 -~ M C d R  w i t h  
5 aCi /ml  aHCdR, was in jec ted  in to  ma le  mice (20-24 g). 
This  corresponds ,  w h e n  u n i f o r m l y  di lu ted,  to  3 x 10-*M 
a n d  t h i s  level  was  t h o u g h t  su i t ab le  to  compa re  w i t h  in  
v i t ro  because  of loss of C d R  b y  excre t ion  and  degreda t ion .  

IROS blood was t a k e n  a t  va r ious  t imes  a f te r  in j ec t ion  
a n d  t o t a l  aH a n d  T H O  a c t i v i t y  d e t e r m i n e d  on  t h e  pooled 
samples  f rom 3 an ima l s  a t  each  t i m e  (Figure  4). W h e n  
log~0 c o n c e n t r a t i o n s  are p lo t t ed ,  the  l ine f rom 20-120 ra in  
fi ts the  q u a d r a t i c  y( logl0mM ) = 0 . 2 3 6 9 - 0 . 0 1 8 0 7 2 x  + 
0.00007166x 2 (rain), a n d  ana lys i s  of va r i ance  shows a 
h igh ly  s ign i f ican t  q u a d r a t i c  t e r m  (p < 0.001), In  th i s  
e x p e r i m e n t  i n t e r m e d i a t e  d e g r a d a t i o n  p r o d u c t s  could be  
expec ted  to compr ise  a la rger  po r t i on  of t he  'd i f fe rence '  
cu rve  compared  w i t h  T d R  clearance  because  t he  s t a r t i n g  
c o n c e n t r a t i o n  was 20 t imes  lower. I t  appea r s  howeve r  t h a t  
concen t r a t i ons  of CdlR would  r e m a i n  a b o v e  10-6M for 
a t  leas t  2 h and  th i s  would be  long e n o u g h  for T d R  to 
d rop  be low 1 raM, (using s imi la r  T d R  inocula  to  t he  
p rev ious  exper imen t s )  a t  wh ich  b lock ing  of D N A  syn-  
thes i s  is no  longer  comple te  in vi t ro.  

Discussion. These  e x p e r i m e n t s  show t h a t  T d R  c learance  
r a t e  can  appa rene ly  v a r y  a t  d i f fe ren t  sites. R O S  c learance  
fol lowed a s imple  e x p o n e n t i a l  fo rm whi le  cardiac  c learance  
showed h igh  c o n c e n t r a t i o n s  10-20 m i n  a f t e r  in j ec t ion  
which  e v e n t u a l l y  fell, a f t e r  2 -3  h, nea r  to  t h e  s inus  values.  
The  m e a n  10 rain  card iac  va lue  in E x p e r i m e n t  1 (---38 
raM)  was no t  s ign i f i can t ly  d i f fe ren t  f rom t h e  10 m i n  car-  
diac  va lue  (,-~ 24 raM)  in E x p e r i m e n t  3, a n d  th i s  ref lects  
t he  cons iderab le  v a r i a t i o n  a t  these  h igh  levels especial ly  
c o m p a r e d  w i t h  t he  R O S  values.  P r e s u m a b l y  t h i s  is due to  
d i f fe ren t ia l  r a t e s  of u p t a k e  be tween  animals ,  p a r t i c u l a r l y  
because  i.p. in jec t ions  depend  on  va r i ab le s  of b lood supp ly  
and  i n t r a p e r i t o n e a l  mix ing .  I n  E x p e r i m e n t  1 t he  T d R  
c o n c e n t r a t i o n  versus  mouse  we igh t  d a t a  showed t he  m o s t  
s ign i f ican t  + r e  regress ion 10 m i n  a f t e r  in j ec t ion  i.e, 
w h e n  peak  values  were observed .  Smal l  size differences  
a t  t h i s  t i m e  will the re fore  increase  v a r i a t i o n  of m e a n  
T d R  levels. 

A n o t h e r  possible  v a r i a b l e  is t h e  e the r i z a t i on  in Expe r i -  
m e n t  2. E t h e r  is k n o w n  to  p roduce  ol igour ia  in  m a n  ~, ~* 
and  dog ~ b y  inc reas ing  t u b u l a r  r e a b s o r p t i o n  whi le  re- 
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Fig. 4. A) Clearance of CdR from ROS blood 
of female mice. B) Same data, plotted as 
Iog10 concentration with fitted quadratic 
regression (3 mice per point). 
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ducing p lasma flow rates  and  glomerular  f i l t rat ion.  The 
ROS clearance of E x p e r i m e n t  3 is however  similar  to  
t h a t  of t he  repea ted ly  e ther ized mice in E x p e r i m e n t  2. 
This  is p robab ly  because the  mice were kep t  in t he  e ther /  
air mix tu re  for no more  t h a n  10 sec after  becoming  un- 
conscious. In  some pre l iminary  exper iments  however,  
using longer e ther izat ion,  the re  was considerable  slowing 
of clearance rates.  

Finally,  the  T d R  t~/~ values  m a y  be overes t ima ted  due 
to  the  presence  of in t e rmed ia te  p roduc t s  i.e. thymid ine ,  
d ihyd ro thymine ,  f i-ureidoisobutyric acid and B-amino-  
i sobutyr ic  acid. These in t e rmed ia t e  react ions  are rap id  2 
so the  amoun t s  invo lved  are small  compared  wi th  t he  
THO end product .  I t  was hoped  t h a t  CdR clearance 
would be similar  since CdR is excre ted  direct ly  by  the  
k idney~ ,~_  In  some sys tems  however  CdR can be con- 
ve r t ed  to  deoxyur id ine  and thence  to uracil  and  T d R  
which  can be degraded  to  CO~ and  wa te r  1~, 

The T d R  clearance ra tes  de t e rmined  are expe r imen ta l ly  
convenien t  because admin i s t r a t ion  of TdR,  followed by  
sui table hour ly  boos ter  doses, should ma in t a in  per iphera l  
p l a sma  levels above 1 mM.  Jus t  1 in ject ion of CdR 
should t h e n  release any  block of D N A  synthes is  so t h a t  
any  cell cycle pe r tu rba t i on  should be well defined.  The 
effects of concen t ra ted  T d R  on the  cell kinet ics  of mouse  
femoral  bone mar row are being inves t iga ted .  

Rdsumd. Le T d R  concentr6,  avec le aHTdR comme 
traceur,  fur inject4 i.p. dans  des souris de souche CBA. 

De t e m p s  en t emps ,  jusqu 'k  4 h apr6s l ' in ject ion,  on 
enregistra l'activit6 totale du ~H et du Tlc[O dans le 
plasma. Dans le sang du sinus retroorbitas la production 
de TIKO 6tait lin6aire, mats la clearance du TdR exponen- 
tielle (tl/~ = 45-50 min). Par contre, dans les 6chantillons 
de sang cardiaque, les courbes 6taient modifi6es par un 
maximum augment6, I0 rain apr6s 1'injection. Avec le 
temps la courbe de log~o CdR devint de forme quadratique, 
indiquant sans doute la presence d'une grande quantit~ 
de prodnits interm~diaires de d6gradation. 
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Interrelationship Between Ribosome Formation 
Synthesis in the Regenerating Liver 

The r e g e n e r a t i n g  l iver of t he  young adul t  r a t  is charac-  
ter ized by  a n early increase in r ibosome fo rmat ion  ~ which  
is max ima l  (e.g. a 4-fold increase) by  the  t ime  nuclear  
D N A  synthes i s  is in i t ia ted  a t  app rox ima te ly  19 h pos t -  
operat ively~;  nuclear  D N A  synthes i s  and  mitosis  sub-  
sequent ly  peak  a t  24 h and 31 h, respectively% In  the  
p resen t  inves t iga t ion  the  degree of in tegra t ion  be tween  
r ibosome and  cellular D N A  synthes is  and  be tween  D N A  
synthes is  in the  var ious  cellular organelles dur ing l iver 
regenera t ion  is assessed by  use of inhibi tors  which affect  
p r inc ipa l ly  e i ther  nuclear,  or mi tochondr ia l  D N A  
biosynthesisa ,  4. Hydrocor t i sone  5, s, h y d r o x y u r e a  7 and  
cytos ine  arabinoside  s are used to inh ib i t  nuclear  D N A  
synthesis ,  while e th id ium bromide  9 is used as a specif ic  
inhibi tor  of mi tochondr ia l  D N A  synthesis .  

Materials and methods. The specific rad ioac t iv i ty  of t he  
r ibosomal  R N A  dur ing a specific per iod of the  nuclear  
D N A  syn the t i c  per iod of t he  regenera t ing  t issue was 

and Nuclear and Mitochondrial DNA 

es t ima ted  by  admin i s te r ing  to  the  ra t s  by  i.p. in ject ion 
of 6-14C orotic acid (50 mCi /mmole ;  20 p.Ci/250 g body  
wt.) a t  25 h after  par t ia l  hepa tec tomy~;  the  livers were 
r emoved  for process ing 1 h later.  The isolat ion of t he  
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Table I. Dependence of ribosome formation and mitochondrial DNA synthesis on nuclear DNA synthesis 

Treatment Nuclear DNA Ribosomal RNA Mitochondrial DNA 
(cpm/~xg AdR) (cpm/~tg RNA) (cpm/~tg AdR) 

Controls 101.5 =t= 15 254 4- 10 26.5 4- 4.6 
Hydroxyurea 28.7 4- 11 267 4- 7 27.5 • 8.6 
Cytosine arabinoside 20.0 4- 7 242 i 7 26.! • 3.7 
Hydrocortisone 37.6 ~ 11 374 J= 18 26.4 4- 1.3 

The values (4- standard errors) are based on 5-15 rats. [Similar results were obtained when the rates of synthesis of both RNA and DNA were 
estimated from the rate of incorporation of label from 6 -~r orotic acid). 


