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Estimation of Diffusible Auxin Under Saline Growth Conditions 

Of all  t he  chemica l  subs t ances  t h a t  p l a n t s  m a y  en- 
coun te r  ill t h e i r  ex t e rna l  e n v i r o n m e n t s ,  none  impa i r s  or 
i nh ib i t  t he i r  g rowth  on  so large a scale as sa l t  t. S tudies  
f rom var ious  aspec ts  h a v e  beeI1 r epo r t ed  in t he  l i t e ra tu re ,  
b u t  t h e  inf luence  of sa l in i ty  on  a u x i n  phys io logy  has  
m o s t l y  r e m a i n e d  unexp lored .  T h o u g h  t he  effect  of sod ium 
sa l in i ty  on  a u x i n  t r a n s p o r t  has  r ecen t ly  been  r epo r t ed  ~, 
we st i l l  do no t  know i ts  effect  on  t he  diffusible  auxin .  
The  p re sen t  s tud ies  were, therefore ,  u n d e r t a k e n  to  
e s t ima te  t he  a m o u n t  of di f fusible  aux in  recovered  f rom 
Zea mays L., coleopt i le  t ips,  ra ised  u n d e r  sal ine condi t ions .  

Seeds of Zea mays L. (Orla-266) were t h o r o u g h l y  
washed  a n d  soaked for 5 h in  t a p  w a t e r  and  NaC1 so lu t ion  
(0.4% w/v  in t a p  water )  and  p l a n t e d  on  0 .75% agar,  
p r e p a r e d  in t he  respec t ive  solut ions,  in med ium-s i zed  
beakers ,  wh ich  were t h e n  covered.  The  seedlings were 
ra ised  in comple te  da rkness  for 94 h, excep t  for  4 h 
b e g i n n i n g  a t  48 h, w h e n  t h e y  were exposed to red  l igh t  to  
suppress  mesoco ty l  g rowth .  

Tips,  5.0 m m  in length ,  were r e m o v e d  f rom 94 h 
coleoptiles.  F o u r  t ip s  were g rouped  a n d  p laced  on  a 1.5% 
agar  b lock  (11 • 8 • 1 mm)  in rep l ica te  assembl ies  for a 
d i f fus ion t i m e  of 2.0 h. Af te r  d i f fus ion t he  t ips  were 
d i sca rded  and  ti le b locks  were k e p t  a t  4 ~ in  a wa te r -  
s a t u r a t e d  a t m o s p h e r e  for  t he  n e x t  24 h, a n d  t h e n  as sayed  
b y  t he  s t a n d a r d  A v e n a  c u r v a t u r e  t e s t  (Arena saliva L. 
cv. Victory) .  These  e x p e r i m e n t s  were r epea t ed  3 t imes  on  
d i f fe ren t  days  w i t h  essent ia l ly  s imi la r  results .  The  

t e m p e r a t u r e  t h r o u g h o u t  was  m a i n t a i n e d  a t  25:~1 ~ a n d  
only  green  safe l ight  3 was used for man ipu l a t i ons .  
S ta t i s t i ca l  e v a l u a t i o n  of t he  d a t a  was m a d e  b y  S t u d e n t ' s  
t- test .  

The  seedlings ra ised  u n d e r  sal ine g r o w t h  cond i t ions  
were smaller ,  as c o m p a r e d  to  t h e  control ,  con f i rming  t he  
earl ier  f indingS. Also f rom t h e  resu l t s  of t he  Arena 
c u r v a t u r e  b io -assay  (Table) i t  can  be  obse rved  t h a t  
sa l in i ty  t r e a t m e n t  s ign i f i can t ly  r educed  t he  c u r v a t u r e  
response;  t h u s  i nd i ca t i ng  a r e d u c t i o n  in t he  a m o u n t  of 
di f fusible  a u x i n  recovered  f rom t h e  t r e a t e d  seedlings.  I t  
h a s  also been  r epo r t ed  2 t h a t  sa l in i ty  d id  n o t  af fec t  e i t h e r  
t he  po l a r i t y  or t he  a m o u n t  of a u x i n  t r a n s p o r t e d  t h r o u g h  
Zea coleopt i le  segments .  Therefore,  i t  can  be conc luded  
f rom the  p re sen t  s tud ies  t h a t  sa l in i ty  r educed  the  a m o u n t  
of di f fusible  a u x i n  r a t h e r  t h a n  i ts  t r a n s p o r t ,  w h i c h  in t u r n  
i n h i b i t e d  t he  growth .  Th i s  r educ t i on  m a y  h a v e  been  a 
d i rec t  effect  of sa l in i ty  or a n  ind i r ec t  one, i e .  t h r o u g h  
r educ t i on  in  t h e  supp ly  of cy tokin ins4 ,  5 wh ich  in  t u r n  
inf luences  t he  a m o u n t  of di f fusible  a u x i n  recovered% 
F u r t h e r  s tud ies  to  de l inea te  t he  role of sa l in i ty  and  
cy tok in ins  are in  progress.  

ZusammenJassung. Der  A u x i n g e h a l t  von  t (o leop t i l en-  
sp i t zen  yon  Zea mays L. -Ke iml ingen  wi rd  d u t c h  sa l ine  
W a c h s t u m s b e d i n g u n g e n  he rabgese tz t .  

S. M. NAQVI 7 a n d  R. AI~SARI 

Effect of salinity on the 'diffusible' auxin of the Zea mays L. coleoptile 
tips 

A tomic Energy A gricultural Research Centre, 
Tando]am (West Pakistan), 22 August 7973. 

Treatments Mean curvature degrees 4- S.E. 

100Exg/1 IAA 21.88 -4- 0.52 

Control 15.38 4- 0.32 

Salinity 11.13 4- 0.40 
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Electron Microscope Studies on the Dissociation 

Glycero l -ex t rac ted  muscle  f ibres  in  t he  r igor  s t a t e  re lax  
if M g - p y r o p h o s p h a t e  (Mg-PP) is added  to  t he  b a t h i n g  
so lu t ion  1,2. B iochemica l  s tudies  d e m o n s t r a t e d  a disso- 
c ia t ion  of t he  a c t o m y o s i n  complex  b y  M g - P P  a t  h i g h  
ionic s t reng th3 ,  ~ and  suggested  t h a t  t he  con t rac t i l e  
p ro t e in s  of t h e  M g - P P  re laxed f ibres  are  l ikewise dissocia- 
t e d  in to  ac t in  and  myos in .  However ,  t he  i n t e r p r e t a t i o n  of 
these  f ind ings  is compl i ca t ed  in t he  l igh t  of mechan ica l  
exp e r imen t s  : t h e  s t i ffness of M g - P P  re laxed f ibres  is com- 
pa rab le  to  t h a t  of r igor  muscle  if t he  f ibres are s t r e t ched  
b y  app ly ing  smal l  a m p l i t u d e  s inusoida l  l eng th  changes  
a t  f requencies  above  1 Hz~. I n  cor respondence  w i t h  these  
a p p a r e n t l y  c o n t r a d i c t a r y  resul ts ,  e lec t ron  microscope,  
opt ica l  6 and  X - r a y  7 d i f f rac t ion  s tudies  of M g - P P  re laxed  
f ibres seem to  combine  charac te r i s t i c s  of b o t h  t h e  A T P -  
re laxed  and  t h e  r igor  s ta te .  

HUXLEY s d e m o n s t r a t e d  t h a t  shear ing  forces dis- 
i n t e g r a t e  myof ib r i l s  in to  sepa ra te  ac t i n  and  m y o s i n  
f i l amen t s  if r e lax ing  cond i t ions  (presence of ATP,  
absence  of Ca ++) are m a i n t a i n e d  d u r i n g  homogen iza t ion .  
Likewise  i t  shouId be  possible  to  isola te  single f i l amen t s  if 

of Actomyosin  by Pyrophosphate  

t h e  A T P  of t he  homogen i za t i on  so lu t ion  is rep laced  b y  
P P  or n o n s p l i t t a b l e  ATP-ana logs ,  e.g. fl, ; , - imino-ATP 
( A M P P N P )  9, w h i c h  are t h o u g h t  to  i m i t a t e  on ly  t he  
p las t ic iz ing  ac t ion  of A T P  p roduced  b y  d issoc ia t ion  of 
ac tomyos in .  Converse ly  t he  presence  or absence  of single 
f i l amen t s  a f t e r  t h e  h o m o g e n i z a t i o n  of myof ibr i l s  in  such  
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seen only occasionally and are then  separa ted  by  a small  
modif ied re laxing condit ions should allow conclusions to 
be made  on the  dissociat ion effect of these plasticizers. 

For  this  reason purif ied myofibr i ls  s of freshly prepared 
f l ight  muscles of Locus t s  migratoria and of frog sar tor ius 
muscle have  been homogenized  wi th  a MSE homogenizer  
in solutions conta in ing 50 m M  KC1, 10 m M  NAN3, 4 m M  
EGTA,  20 m M  his t idine p H  6.5 and var ious  concentra-  
t ions of MgClz, ATP,  Na4P~O~ 1~ or A M P P N P  11. After  
cen t r i fuga t iou  (10 rain a t  2100 g), t i le superna tan t  was 
used for nega t ive  s taining wi th  u rany l  ace ta te  on carbon 
coated grids s. 

The grids were covered wi th  single f i laments  as describ- 
ed by HUXLEY s using 5 m M  Mg-ATP as a plast icizer in 
the  homogeniza t ion  solution. The  result  was similar  if 
M g - A M P P N P  (in concentra t ions  of 5 m M  or 30 mM)  was 
added instead of M g - A T P  (Figure 1). However ,  if the  Mg- 
A T P  of the  homogeniza t ion  m e d i u m  was replaced by  Mg- 
P P  (in concentra t ions  of i m M  Mg + 10 m M  P P  or 2 m M  
Mg + 5 m M  P P  or 5 m M  Mg + 5 m M  PP) single fila- 
ments  were rare. Thei r  number  seemed to be l i t t le  larger 
t han  in control  exper iments  where myofibr i ls  had  been 
homogenized in pure  r igor solution. The  appearance  of 
Mg-PP  isoIated f i Iaments  differed in ye t  ano ther  respect  
from those isolated in A T P  re laxing solution. In  the la t te r  

case th ick  f i laments  lying alongside th in  f i laments  are 
gap br idged by  cross l inkages s. In  the  case of Mg-PP  
isolated f i laments ,  this observat ion  can be s ta ted  as a 
rule:  myos in  f i laments  ahvays seem to be surrounded by 
paral le l  arranged act in  f i laments  (Figure 2) and are often 
grouped in bundles.  These bundles can be observed 
especially in the neighbourhood of f ragments  of myo-  
fibrils damaged by  the  blades of the  homogenizer  (Figure 
3). I t  seems tha t  Mg-PP  relaxed myof ibr i l s  f irst  disin- 
tegra te  into bundles of myof i laments  which m a y  become 
smaller  by fur ther  homogenizat ion,  bu t  are no t  broken up 
complete ly  to single act in and myos in  f i laments  as are 
myofibr i ls  re laxed by  A T P  or A M P P N P .  

I t  is t emp t ing  to look for reasons to relate  this  observa-  
t ion to  the  h igh  dynamic  stiffness s of Mg-YY relaxed 
fibres ment ioned  above.  If  we suppose t h a t  all cross 
bridges are de tached f rom the  ac t in  f i laments  dur ing A T P  
relaxat ion,  the reby  enabl ing the  isolat ion of single fila- 
ments ,  we should conclude t h a t  this  is not  the  case in 
Mg-PP  solutions and t h a t  here some cross bridges at  
least remain  at tached.  The diff icul ty  is to reconcile this 
hypothes is  w i th  the b iochemical  results3, 4 and the  
reversible disappearance of the  lines of a t t ached  cross 
bridges (388 A lines) in single ac t in  f i l amen t  layers 6 
These f indings demons t ra te  t h a t  dissociat ion of the  
ac tomyos in  complex  and de t achmen t  of cross bridges by  
Mg-PP  are indeed possible. The contradic t ion  could be 
resolved by pos tu la t ing  an equi l ibr ium s ta te  be tween 
detached and a t t ached  myos in  heads. LYMN and HUXLEY 7 
have  suggested this to expla in  the  resemblance of X- ray  
pa t te rns  of PP- re laxed  fibres to those of r igor  muscle. 
I t  is possible t ha t  t i le equi l ibr ium is shif ted s l ight ly  in the  
direct ion of its dissociated components  by  high ionic 
s t rength  and increasing pressure ~2, which m a y  accelerate 
the separat ion of act in  and myos in  and faci l i tate  the  
format ion  of dis t inct  fract ions in the  ul t racentr i fuge.  On 
the o ther  hand, the  high dynamic  stiffness of Mg-PP 
relaxed fibres a t  sinusoidal length  changes ~ could be 
expla ined as a result  of the  passive s t re tch of the  elastic 
e lements  of a t t ached  cross bridges. 

Fig. 1. Locusts migratoria. Preparation of separafed actin and myosin 
filaments isolatedin relaxing solution containing 5 mM Mg-AMPPNP. 

10 A. MERCK, Darmstadt.  
11 Int. Ctlem. & Nucl. Corp. 
1~ T. IKKAI and T. Ooi, Biochemistry 8, 2615 (1969). 

Fig. 2. Locusts migratoric~. Preparation of actin and myosin filaments from myofibrils homogenized in relaxing solution containing 2 mM Mg 
and 5 mM PP. Fragments of myosin filaments (natural length is about 3 ~xm in Figure 1) lying alongside aetin filaments are connected with 
them by cross bridges (arrows). 
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I t  is clear t ha t  the  results described in this  paper  do 
not  pe rmi t  conclusions regarding the size of the  shearing 
forces act ing dur ing homogenizat ion,  or the  number  of 
a t tached  cross bridges necessary to p reven t  the  complete  
dis integrat ion of myofibr i ls  int  o single fi laments.  However ,  
mechanical  exper iments  wi th  5 m M  M g - A M P P N P  13 
suggest t ha t  a reduct ion  of the  dynamic  stiffness to about  

80% is enough to allow the  format ion  of the  single fila- 
ments  demons t ra ted  in Figure  114 

Zusammen/assung. Myofibrillen, die in einer Erschlaf-  
fungsl6sung mi t  Mg-ATP oder Mg-/5, T- imino-ATP homo- 
genisiert  werden, zerfallen in einzelne Myofi lamente.  I m  
Gegensatz dazu scheinen Myofibri l len bei einer Verwen- 
dung yon Mg-Pyrophospha t  (Mg-PP) als Weichmacher  
allenfalls zu Biindeln yon Myof i lamenten  zerschlagen zu 
werden, wobei  die F i l amente  noch du tch  Querbri icken 
ve rbunden  bleiben. Hieraus wird auf eine unvollst / indige 
Dissoziat ion des Aktomyos in -Komplexes  (bzw. die Bil- 
dung eines Gleichgewichtes zwischen losgel6sten und 
angehef te ten  Querbriicken) in Gegenwar t  yon Mg-PP 
geschlossen. 

J. M. WINKELHAHN und G. BEINBRECH 

West/. Wilhelms- Universitdt, Zoologisches Institut, 
Hindenburgplatz 55, D-44 Mi~nster 
(Federal Republic o/Germany), 
10 September 7973. 

Fig. 3. Frog sartorius muscle. Preparation of myofilaments. Myo- 
fibrils have been homogenized in relaxing solution containing 5 mM 
Mg-PP. The myofibriI (M) crossing the micrograph seems to disin- 
tegrate into bundles of myofilaments. 

13 j .  BARRINGTON LEIGH, K. C. HOLMES, H. G. MANNHERZ, G. ROSEN- 
BAUM, F. ECKSTEIN and R. GOODY, Cold Spring Harbor Syrup. 
quant. Biol. 37, 443 (1973). 

1~ Acknowledgment. We are greatly indebted to Prof. Dr. J. C. 
ROEGG and Dr. H. J. KuHN for many helpful discussions and to 
Dr. D. J. MILLER for checking the English. 

Chromosomes of Molgula manhattensis de Kay (Ascidiacea)1 

Since the  family  Molgulidae, suborder Stol idobran-  
chiata,  is one of the  least known at  a karyological  level 
in the whole class Ascidiacea, the  only cytogenet ic  
studies being those regarding the  chromosome number  
of Molgula manhattensis ~, 3, the  present  s tudy  is in tended 
to give a p re l iminary  descript ion of bo th  mi to t ic  and 
meiot ic  chromosomes of Molgula manhattensis in order to 
reduce the  gap in our knowlegde of the  chromosomes of 
ascidians. 

Material and methods. The present  s tudy  deals wi th  the  
chromosomes in male gonads, unfert i l ized and cleaving 
eggs of Molgula manhattensis f rom the  Lagoon of Venice. 
Fixat ion,  squash prepara t ions  and observat ions  were 
made  according to the  methods  described elsewhere ~, ~. 

Meiotic chromosomes. At  metaphase- I  oocyte  b ivalents  
(Figure 1) appear  as 2 deeply stained, more or less 
closely connected roundish bodies;  he te ro typic  elements  
are no t  present  and only 1 b iva len t  can be recognized by  
its greater  size. Al though these b ivalents  show the  
t endency  to join r andomly  together,  a count  of 15 
metaphase- I  plates has confirmed the  haploid number  of 
16. 

At  early pachi tene  (Figure 2) each spe rmatocy te  
b ivalents  consists of a rod-shape homogeneously  s tained 
body  in which some segments  appear  to be th icker  and 
more condensed than  others ;  a l though he te ro typ ic  
chromosomes are not  present,  the  small  chromosomes are 
often sl ightly more condensed than  the  long ones. The 
homologous are not  dist inguishable f rom each other  and 
nei ther  kinetochore  nor te rmina l  zones are differentiated.  
One chromosome can be dist inguished f rom the  others 
by  its d is t inct ly  greater  length. 

At  late pachi tene (Figure 3) spermatocy te  b iva lents  
are th ick  rod-shaped and homogeneously  stained bodies in 
which nei ther  the  homologues nor di f ferent ia ted zones 

are dist inguishable.  Measurement  of pachi tene  chromo- 
somes f rom 4 plates indicates  t h a t  the  re la t ive  chromo- 
some lengths va ry  f rom one plate  to another .  Al though the  
presence of some r andom connect ions be tween chromo- 
somes, the  haploid number  16 was consis tent ly  de termined  
on pachi tene  chromosomes.  

At  diakinesis, the  bivalents  (Figure 4) are ve ry  short  and 
deeply stained. The analysis of 30 diakinet ic  plates 
indicates t h a t  there  are only 2 types  of b ivalents :  rod 
shape and cross shape. The rod-shaped bivalents  often 
show thicker  roundish ends and f rom thei r  morphology 
i t  is not  possible to de termine  whether  t hey  bear  chiasma- 
ta. The cross-shaped bivalents  probably  possess unter-  
minal ized ch iasmata  bu t  i t  migh t  be, a t  least in some 
cases, t ha t  the  cross-shape out l ine be due to the  preco- 
cious separat ion of daughter  kinetochores.  The diakinet ic  
bivalents  are r andomly  dispersed th roughou t  the nucleus 
and a r andom association often occurs be tween  these. 
The  haploid number  16 was de te rmined  in most  of the  
30 plates examined.  

Mitotic chromosomes. Although the  number  of obser- 
vat ions  was ra ther  l imited,  i t  was established tha t  a 
precocious separat ion of daughter  kinetochores  occurs 
from prometaphase  t i l l  me taphase  in c leaving eggs of 
M. manhatXensis (Figure 5). At  p rometaphase  the  chromo- 
somes appear  as homogeneous ly  stained rods in which no 
dif ferent ia ted zones are present.  The posi t ion of kine- 
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