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Comparison of Phyllomedusa trinitatus albumin with the albumins of 
representative hylid frogs 

Species tested Immunological distance 

Phyllomedusinae 
Phyllomedusa tarsius ~ 6 
P. guttata 49 
P. palliata 56 
P. bucklei 58 
P. lemur 61 
Pachymedusa dachnicolor 127 
Agalychnis callidryas 153 
A. annae 163 

Amphignathontinae 
Gastrotheca riobambae > 200 
Anotheca spinosa b > 200 

Hylinae 
Hyla regilla 172 
H. chrysoscelis 145 
H. arbores (Japan) 152 
H. arbores (France) 155 
Pseudacris triseriata 170 
P. nigrita 175 
Litoria aurea 170 
L. booroolongensis 180 
L. caerulea 180 
L. verreauxii 176 
Trachycephalus iordani 178 

Formerly P. edentula. W. E. DUELLMAN, Herpetologica 30, 105 
(1974); b This species has been shown to be a Hyline frog (MAXSON, 
in press). 

large d i s t ance  to  b o t h  species of Agalychnis  is s imi lar  to  
t h a t  seen be tween  hy l ine  a n d  a m p h i g n a t h o d o n t i n e  sub-  
families.  If  Phyl lomedusa  were erec ted  to famil ia l  s ta tus ,  
t h e n  Agalychnis  should  be  cons idered  a sepa ra te  sub-  
f ami ly  of th i s  new family.  Th i s  would  no t  be  in confl ic t  
w i t h  the  t r a d i t i o n a l  a n a t o m i c a l  and  b e h a v i o r a l  i n fo rma-  
t ion  ava i l ab le  on b o t h  of these  genera.  Before  more  de- 
f ini te  molecu la r  conclus ions  can  be  made,  however ,  ad-  
d i t iona l  an t i s e r a  would  be needed  to b o t h  Pachymedusa  
and  Agalychnis .  

The  ave rage  d i s t ance  of Phyl lomedusa  tr ini tatus a l b u m i n  
to a l b u m i n s  of b o t h  a m p h i g n a t h o d o n t i n e  a n d  hy l ine  frogs 
is n e a r l y  as large or larger  t h a n  t he  d i s t ance  seen b e t w e e n  
Phyl lomedusa  a n d  Agalychnis  a lbumins .  This  reinforces  
t he  sugges ted  e l eva t i on  to  famil ia l  s t a t u s  of t h e  Phy l lo -  
medus inae .  The  ave rage  d i s tance  to A u s t r a l i a n  Li tor ia  is 
175 un i t s .  This  ind ica tes  t h e r e  is n o t  a close phy l e t i c  re- 
l a t i onsh ip  be tween  Phyl lomedusa  and  Li tor ia  as sugges ted  
b y  Bagnara  and  Ferris  v. R a t h e r  the  fac t  t h a t  some species 
of Litor ia  and  t he  phy l lomedus ines  h a v e  similar ,  u n u s u a l  
m e l a n o s o m e  s t r u c t u r e  a n d  p i g m e n t  m a y  be  due to con- 
vergence  or to  r e t e n t i o n  of an  ances t r a l  cond i t ion  in these  
d i f fe ren t  phy le t i c  lines. Tests  w i t h  an t i s e r a  to  represen-  
t a t i v e  hyl ines  show t h a t  A u s t r a l i a n  Li tor ia  and  A m e r i c a n  
by l ines  d iverged  some 60 mil l ion years  ago 1. whereas  
phy l lomedus ine  frogs d iverged  f rom the  ances to r  g iv ing 
rise to  t he  hyl ines  a b o u t  100-110 mil l ion years  ago, long 
before  t he  d ive rgence  of t he  A u s t r a l i a n  and  A m e r i c a n  
hyl ines .  Phy logene t i c  analys is  of t he  Hy l idae  s showed  
Li tor ia  to  be a m e m b e r  of t he  hy l ine  assemblage  of frogs 
and  ti le P h y l l o m e d u s i n a e  to be  c tad is t ica l ly  r e m o t e  f rom 
the  hy l ine  species. This  would  sugges t  t he  unusa l  me lano-  
some s t r u c t u r e  a n d  p i g m e n t s  arose i ndependen t ly .  

A d d i t i o n a l  s tud ies  w i t h  an t i s e r a  to  r e p r e s e n t a t i v e  hy l id  
and  bu fon id  species i nd ica t ed  phy l lomedus ine  and  hyl id  
a l b u m i n s  are more  d i f fe rent  f rom one  a n o t h e r  t h a n  are 
hy t id  a n d  bu fon id  a l b u m i n s - b u f o n i d  species be long ing  to 
a s epa ra t e  family.  The  ave rage  phy l l omedus ine  - hy l ine  
d i s t ance  is 170 immuno log i ca l  d i s t ance  u n i t s ;  t he  ave rage  
hy l ine  - Bu/o  d i s t ance  is 155 un i t s  and  t he  ave rage  phyl lo-  
medus ine  - Bu[o dis tance  is 196 immuno log ica l  d i s t ance  
un i t s  15. Therefore ,  a t  t he  molecu la r  level, t h e  Neot rop ica l  
leaf frogs a p p e a r  more  d i s t i nc t  f rom hy l ine  frogs t h a n  t he  
l a t t e r  are f rom bufon id  species, m e m b e r s  of an  indepen-  
d e n t  family.  Thus  t he  phy l lomedus ine  frogs also deserve  
i n d e p e n d e n t  fami l ia l  s t a tu s  in the  supe r f ami ly  Bufonoidea ,  
a long w i t h  the  Hyl idae  and  Bufonidae .  

1~ L. R. MAXSON, V. M. SARICH and A. C. WILSON, Nature, Lond. 255, 
397 (1975). 

15 L. R. MAXSON, work in progress. 

T h e  S i z e  D i s t r i b u t i o n  of Tetrahymena in  R e l a t i o n  to i t s  P o s i t i o n  in  the  Cel l  Cyc le  1 
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Summary .  Te trahymena size d i s t r i bu t i on  d u r i n g  t he  cell cycle was ana lyzed  b y  means  of r a d i o a u t o g r a p h y  w i t h  t he  
aid of a sonic-digi t izer ,  a n d  a compute r .  T he  s t u d y  d e m o n s t r a t e s  t h a t  as t he  o rgan i sm ages and  passes  t h r o u g h  the  
var ious  cell cycle phases  tile v o l u m e  d i s t r i bu t i on  of t he  o rgan i sms  in each  phase  r ema ins  lognormal .  

The  vo lume  d i s t r i b u t i o n  of a n  exponen t i a l l y  pro l i fe ra t -  
ing Tetrahymena pyr i /ormis  p o p u l a t i o n  exh ib i t s  a typ ica l  
p a t t e r n .  Be ing  skewed to t he  r i g h t  t he  d i s t r i b u t i o n  is bes t  
descr ibed b y  t he  lognorma l  f r equency  func t ion  in which  
the  l o g a r i t h m  of t he  vo lume  is n o r m a l l y  d i s t r ibu ted .  This  
obse rva t ion  ha s  a l r eady  b e e n  a d e q u a t e l y  d o c u m e n t e d  b y  
va r ious  me thods .  Tetrahymena shapes  we re  m e a s u r e d  
microscopica l ly  (JAMES ~, SCI~ER]3AOI~ e t  aI. a, SUMMErs*), 
or w i t h  t he  aid of a Coul te r  C oun t e r  (SCHMIDh'6). These  
me thods ,  however ,  do n o t  f u r n i s h  i n f o r m a t i on  u p o n  the  

v o l u m e  changes  of t he  o rgan i sm as i t  passes  t h r o u g h  the  
va r ious  phases  of t he  life cycle. The  p r e s e n t  s t u d y  de- 
m o n s t r a t e s  c lear ly  t h a t ,  even  in t he  va r ious  cell cycle 
phases  k n o w n  as G 1, S and  Gz, v o l u m e  d i s t r i b u t i o n s  in a 
loga r i thmicMly  p ro l i fe ra t ing  p o p u l a t i o n  are lognormal .  
To ach ieve  th i s  objec t ive ,  a nove l  m e t h o d  for  the  s t u d y  of 
cell shapes  w i t h  a compu te r i z ed  digi t izer  was  ut i l ized.  

Mater ia ls  and methods. Te trahymena pyr i /ormis  m a t i n g  
t y p e  I (WH6) of Syngen  I (Amer ican  t y p e  cu l tu re  col- 
lection) were g rown axenica l ly  a t  27~ fol lowing t he  
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Fig. 1. Radioautogram of Tetrahymena pyri/ormis incubated with 
3H-thymidine for 10 rain. 1. Nonlabelled cells. 2. Micronuelear la- 
belled cells (S-l). 3. Maeronuelear labelled cells (S-2). x 650. 

The slides were then  d ipped  into 1 : 1 di luted liquid radio- 
au tographic  emulsion (Ilford K-5, England) ,  s tored in 
l ight  t igh t  boxes for 1 week, developed in K o d a k  D-19 
developer  for 3 min at  20~ and fixed. The slides were 
then  s ta ined for 5 sec wi th  toluidine blue (0.5% W'/V). 
The organisms were p h o t o g r a p h e d  a t  800 x magnif icat ion.  
The contours  of each organism were t raced f rom the  
pic tures  wi th  the  aid of a sonic digit izer ( G R A F - P E N ,  
Science Accesories Co.) and fed in to  a PDP-15/20 com- 
pu te r  in which  the  area enclosed by  each con tour  was 
c o m p u t e d  and stored.  In  th is  way,  t rac ings  of organisms 
in various phases  of the  cell cycle were obta ined.  The fol- 
lowing cr i ter ia  to de te rmine  the  organism's  posi t ion in the  
cell cycle were utilized. 1. Micronuclear  labelling, S-1 (Fig- 
ure 1). 2. Macronuclear  labelling, S-2 (Figure 1). 3. Unla-  
belled cells, G-1 and G-2 (Figure 1). The area d is t r ibu t ion  
of each group was co mp u t ed  and i ts  shape  evaluated.  To 
s t u d y  the  shape  of the  d is t r ibu t ion  of all the  organisms,  
t he  various ' phase '  d i s t r ibu t ions  were added  up. 

m e t h o d  and  m ed ium as descr ibed by  ELLIOTT et  al.L 
24 h af ter  the  c o m m e n c e m e n t  of t h e  logar i thmic  g rowth  
pa t t e rn ,  the  organisms were incuba ted  for 10 rain in 
5 iiCi/ml thymidine-6-aH (specific ac t iv i ty  27 Ci/mM,- 
Amersham,  England) .  The labelling was t e r m i n a t e d  by  
washing  the  organisms ill nonrad ioac t ive  medium.  This 
was achieved by  3 successive l - ra in cent r i fugat ions  a t  
1000 rpm.  Drops of nonrad ioac t ive  m e d i u m  conta in ing  
the  resuspended  organisms were placed on subbed  slides, 
air dr ied and  fixed for 10 min wi th  an alcohol-acetic  acid 
f ixat ive  (1:3 v/v).  The acid soluble f ract ion was t h e n  ex- 
t r ac t ed  b y  covering the  slides for 5 min wi th  ice cold 5% 
TCA and r insed wi th  70% and 100% ethanol ,  and acetone.  

1 Acknowledgnlents. This work was supported by a research "grant 
from Stiftung Volkswagenwerk No. 112273 to A; Ro~. The authors 
wish to acknowledge the technical help of Mrs. O. HOROVlTZ and 
Miss S. URIELI, as well as the expert photomierography of Mrs. 
]~. SALOMON. 

2 T. V. JAMES and C. P. READ, Expl. Cell ires. 73, 510 (1957). 
30. SCH~RBAUM and E. ZmlTHEN, Expl Cell Res. fi, 221 (1954). 
4 L. G. SUMMERS, J. Protozooh 70, 288 (1963). 
5 p, SCHMID, Expl Cell Res. dS, 460 (I967). 

P. SC~MID, Expl Cell Res. 45, 471 (1967). 
T A. M. ELLIOTT and R. E. HAYES, Biol. Bull. 705, 269 (1953). 

..~ 132 i~; 

i!iiiil i: s 

Z 2 

.... 6 3 

Fig. 2. The cell cycle of Tetrahymena pyri/ormis. The inner and the 
cuter circles represent the mieronnelear (S-I) and the macronuelear 
(S-2) cycle respectively. The nmnbers mark the hourly iutervals. 
S-I, mieronuclear DNA synthesis; S-2, macrouuclear DNA synthe- 
sis; G-I, pre-macronuclear DNA synthetic phase; G-2, post-macro- 
nuclear DNA synthetic phase; D, cytokinesis. 
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Fig. 3. Cumulative lognormal volunle distri- 
bution of Tetrahymena pyriJormis in various 
phases of the cell cycle. Experiment No. 1. 
S-l; S-2; G-I; G-2; explained in Figure 2. 
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Fig. 4. Cumulative lognormal volume distri- 
bution of Tetrahymena pyriformis in various 
phases of the cell cycle. Experiment No. 2. 
S-1; S-2; G-l; G-2; explained in Figure 2. 

Results. Tetrahymena pyriformis mat ing  types  exhib i t  
2 s t ruc tura l ly  d i f fe rent ia ted  nuclei:  a diploid micronu-  
cleus and  a polyploid  macronucleus .  B o t h  synthes ize  DNA 
at  d i f ferent  phases  of the  cell cycle which  do no t  over lap  
in t ime.  In  the  mieronucleus DNA synthes is  (S-I) occurs 
dur ing  cytokinesis ,  where  it proceeds  a t  a re la t ively  fas t  
rate ,  whereas  in the  macronucleus  D N A  synthes is  (S-2) 
proceeds  for abou t  51/2 h (Figure 2). 

In  the  au torad iogram,  the  organisms in S-1 phase  are 
easily dis t inguishable  f rom those  in the  S-2 phase  (Figure 
1). The nonlabel led organisms belong e i ther  to the  G-1 
or to the  G-2 phase  group. The measu remen t s  were made  
upon  3000 organisms in logar i thmic  g rowth  phase  whose 
kinet ic  pa rame te r s  are summar ized  in the  Table.  The S-1 
and  S-2 cells exhib i t  un imoda l  lognormal  vo lume dis- 
t r ibu t ions  (Figures 3 and 4). The mean  volume of S-2 is 
grea te r  t h a n  t h a t  of S-1 (Table). The nonlabel led cells 
vo lume  exh ib i t  a b imoda l  volume of d i s t r ibu t ion  in which 
the  2 peaks were separa ted  by  a t rough  reaching the  
abscissa.  B o t h  d is t r ibu t ions  were t h e n  separa ted  at  the  
po in t  of m i n i m u m  of the  t rough,  and s tudied  separa te ly  
(Figures 5 and  6). The ma jo r i t y  of the  nonlabel led cells 
belong to the  d i s t r ibu t ion  wi th  the  smaller  mean  value 
and  belong therefore  to the  G-1 group.  The minor i ty  are 
t he  G-2 cells. Bo th  d is t r ibut ions  are lognormal  (Figures 3 
and  4). The smaller  peak  represen t ing  the  G-2 cells con- 

Kinetic parameters and log mean volumes of Tetrahymena pyri/ormis 
in various phases of the cell cycle (expressed in relative units) 

Experiment Phase Ceil Cell Mean Log Log 
No. No. (%) mean SD 

1 S-1 193 16.02 31.5 1.363 0.0707 
G-I-~G-2 376 31.20 42.0 1.500 0.1425 
S-2 636 52.78 45.5 1.530 0.0987 
Total cells 1205 100.00 31.3 1 . 4 9 5  0.1248 

Measured G-2 fraction 1.3 
Estimated G-2 fraction 12.0 

2 S-1 273 14.94 32.5 1 . 3 8 4  0.1203 
G-1 + G-2 545 29.83 36.0 1 . 4 3 9  0.1602 
S-2 1009 55.23 42.0 1 . 4 9 8  0.1217 
Total cells 1827 100.00 28.6 1 .457  0.1417 

Measured G-2 fraction 1.0 
Estimated G-2 fraction 12.0 

s t i tu tes  only  1% of the  cell cycle which seems too small,  
since in o the r  expe r imen t s  the  G-2 comprise a h igher  
percen tage  of all cells (PRESCOTT et  al.S). This a p p a r e n t  
d iminu t ion  of the  G-2 cells resul ted f rom the  fact  t h a t  the  
expe r imen t  had  no t  been  t e r m i n a t e d  abrupt ly .  In  order  
to achieve a uni form spreading  out  of the  organisms on 
the  slides, t h e y  were allowed to d ry  out  slowly for 90 min.  
During th is  per iod mos t  of t h e m  cont inued  their  proces-  
sion t h ro u g h  the  cell cycle, d iv ided and joined the  G-1 
cells, a process  which led to a relat ive deple t ion of the  G-2 
cells. If  we t ake  this  addi t iona l  life span into account ,  the  
t rue  G-2 f rac t ion  size, under  our exper imenta l  condi t ion,  
is abou t  12% (Figure 2). 

The var ious  d is t r ibut ions  which  were depic ted  sepa- 
ra te ly  are p resen ted  in Figures  5 and 6. Al though  all the  
d is t r ibut ions  overlap,  the i r  means  differ clearly (Table). 
The pooled d is t r ibu t ions  were found to be lognormal  as 
well (Figure 7). 
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Fig. 5. Volume frequency distribution of Tetrahymena pyriJormis in 
various cell cycle phases. Experiment No. 1. S-l; S-2; G-l; G-2; 
explained in Figure 2. 
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Discussion. I n  b i o l o g y ,  t he  lognorma l  d i s t r i b u t i o n  
func t ion  occurs  r e l a t ive ly  f r e q u e n t l y  (KOCHg, 10), and  
has  been  used as a c o n v e n i e n t  d i s t r i bu t i on  to descr ibe 
va r ious  p h e n o m e n a .  I n  l oga r i t hmica l ly  p ro l i fe ra t ing  or- 
ganisms,  the  l o g n o r m a l i t y  is d i rec t ly  associa ted w i t h  t he i r  
exponen t i a l  g rowth .  SCttERBAUM et  a l J l ) ,  who s tud ied  the  
theore t i ca l  r e l a t ionsh ip  be tween  cell g rowth  and  t h e i r  
v o l u m e  d i s t r i bu t i on  in t he  Tetrahymena, a r r ived  a t  the  
conclus ion t h a t  even  a l inear  vo lume  g r o w t h  in a n  ex- 
ponen t i a l l y  p ro l i fe ra t ing  cell p o p u l a t i o n  genera tes  a log- 
n o r m a l  vo lume  d i s t r ibu t ion .  T he  reason  for th i s  re la t ion-  
ship  is the  age d i s t r i bu t i on  of the  o rgan i sms  which  is also 
exponen t ia l .  In  such  a d i s t r ibu t ion ,  t he  n u m b e r  of young  
and  smal l  o rgan i sms  is twice t h a t  of old and  large or- 
ganisms.  The  p re sen t  s t u d y  advances  th i s  a r g u m e n t  even  
fu r ther .  Since in each  cell cycle phase  the  age d i s t r i bu t i on  
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Fig. 6. Volume frequency distribution of Te#rahymena pyri/ormis in 
various ceil cycle phases. Experiment No. 2. S-1; S-2; G-l; G-2; 
explained in Figure 2. 

of the  o rgan i sms  is exponen t i a l ,  i t  seems n a t u r a l  t h a t  t he i r  
vo lume  d i s t r i bu t i on  is l ognorma l  (Figures 3 and  4). 

In  v iew of t he  p re sen t  m e t h o d  in which  the  area of the  
o rgan i sm was  t r aced  a n d  computed ,  one is faced w i t h  t he  
ques t ion  as to  w h e t h e r  t he  d i s t r i bu t i ons  so gene ra t ed  re- 
flect t he  t rue  shape  vo lume  d i s t r i bu t ions  s imi lar  to  those  

d e t e r m i n e d  w i t h  the  Coul ter  Counter .  Ac tua l ly  each  cell 
could be  v iewed as a cy l inder  whose  base  is the  cell a rea  
'S '  and  h e i g h t  t he  cell w i d t h  'h ' .  I t s  vo lume  V would be 
V = hS. P r o v i d e d  t h a t  h is cons t an t ,  if S is d i s t r i bu t ed  
lognormal ly ,  hS has  to  be d i s t r i b u t e d  lognormal ly  also. 
B y  sp read ing  t he  o rgan i sm on s u b b e d  slides as descr ibed 
above,  the  v a r i a b i l i t y  of h is min imized  and  for all p rac t i -  
cal  pu rposes  could  be  v iewed  as cons t an t .  Since t h e  dis- 
t r i b u t i o n  of all t h e  o rgan i sms  pooled t o g e t h e r  (Figure 7) 
exh ib i t s  a t yp i ca l  lognormal  d i s t r ibu t ion ,  like a n y  o t h e r  
Telrahymena vo lume  d i s t r i b u t i o n  measu red  electronical ly ,  
t he  v a r i a b i l i t y  of h ha s  to  be  low, o therwise  the  pooled 
d i s t r i b u t i o n  would  dev ia te  m a r k e d l y  f rom lognormal i ty .  
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Fig. 7. Cumulative lognormal volume distribution of Tetrahymena 
pyri/ormis. Left figure: Experiment No. 1. Right figure: Experiment 
No. 2. 
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E n h a n c e m e n t  of  F e  A b s o r p t i o n  b y  M n  i n  R i c e  R o o t s  ( O r y z a  s a t i v a  L . )  

S. KANNAN 

Biology and Agriculture Division, Bhabha Atomic Research Centre, Bombay 400085 (India), 5 February 1976. 

Summary. The  r a t e s  of a b s o r p t i o n  of Fe  b y  excized rice roo ts  were m e a s u r e d  in t h e  absence  a n d  presence  of d i f ferent  
c o n c e n t r a t i o n s  of MnSO4. Fe  a b s o r p t i o n  f rom 0.1 and  5 m M  FeSO 4 was e n h a n c e d  b y  MnSO4 a t  concen t r a t i ons  above  
0.1 and  5 m M ,  respect ive ly .  

Fe  a n d  Mn are m i c r o n u t r i e n t s  essent ia l  for p l a n t  growth ,  
a n d  because  of t he i r  close chemica l  re la t ionsh ip ,  t h e y  p l ay  
a s ign i f ican t  role in  t he i r  m u t u a l  abso rp t ion  b y  p l a n t  
roots.  Mn a b s o r p t i o n  is genera l ly  i n h i b i t e d  b y  t he  presence  
of Fe  1, 2, and  t h e r e  is ev idence  t h a t  Mn in ter feres  w i t h  Fe  

u t i l i za t ion  in ch lo rophy l l  syn thes i s  r a t h e r  t h a n  Fe t r a n s -  

1 S. KA~i~AN, Plant Physiol. 44, 1457 (1969). 
S. RAMANI and S. KANNAN, Commun. Soil Sci. Plant Anal. 5, 427 
(1974). 


