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grown in t h e  m e d i u m  of BREWBAKER and  KWACK1. The  
p rocedure  r e c o m m e n d e d  b y  ERDTMAN 2 was fol lowed in 
acetolysis .  The  chemica l  c o n s t i t u t i o n  of the  pol l in ia l  wal l  
was  t e s t ed  b y  t he  h i s t ochemica l  m e t h o d s  descr ibed  b y  
JENSEN 3 and SOUTHWORTH ~. 

The pollinia of Calotropis are flat structures with wide 
rounded bases and narrow apexes. Of the two longer 
edges, one is almost straight and the other is slightly con- 
vex. Under the microscope, the pollinium appears to have 
a cellular flat surface bordered with thick homogenous 
edges. At the time of germination, pollen tubes emerge 
from the distal half of the flat edges of the pollinia. As 
suggested by ZERONI and GAIL 5, the pollinial wall was 
cut open at various places to test the polarity of the 
growing pollen tubes. The direction of tube growth was 
not markedly affected even with the new outlets so 
opened. 

Asymmetrical germination of pollinia has already been 
r epo r t ed  in Asclepias 5. In  3 o the r  m e m b e r s  of Asclepia-  
daceae  also we found  t h a t  t i le pol len  t u b e s  e m a n a t e  on ly  
t h r o u g h  p a r t i c u l a r  regions  of t he  pol l in ia  wh ich  a p p e a r  to  
be  genus-specif ic .  Thus ,  t he  pos i t ion  of emergence  is on 
the  s t r a igh t  edge of t h e  po l l i n ium nea r  t h e  base  in 
Calotropis, nea r  i ts  apex  in Dregea a n d  nea r  t he  base  on 
t he  convex  edge in Daemia. Since th i s  region has  no t  been  
m a r k e d  b y  a n y  vis ible  charac ter i s t ics ,  h i s tochemica l  
m e t h o d s  were emp loyed  to s t u d y  the  n a t u r e  of t he  polli-  
n ia l  wal l  w i t h  p a r t i c u l a r  reference to the  a rea  of emergence  
of t he  tubes .  These  t e s t s  were conf ined  to  t he  pol l in ia  of 
Calotropis. 

Prev ious  r epo r t s  ascr ibe  a w a x y  or cu t i cu la r  s,s n a t u r e  
to  t he  pol l in ium.  However ,  no  d i s in t eg ra t ing  effects on t he  
wal l  were seen w h e n  t he  pol l in ia  were p laced  in closed 
via ls  c o n t a i n i n g  l ipid so lven ts  such  as acetone,  benzene  
or ch lo ro fo rm for as long as 3 days. Of t he  3 solvents ,  
benzene  a lone  a p p e a r e d  to h a v e  dissolved some of t he  
depos i t s  on  t h e  co r pus cu l um  a n d  connec t ives  of t he  
pol t in ia  a l t h o u g h  t he  pol l in ia l  wall  r e m a i n e d  i n t a c t  a t  t he  
end  of t he  t r e a t m e n t .  I t  is there fore  r e a s o n a b l y  ce r t a in  
t h a t  ' w a x y  s u b s t a n c e s '  are no t  t he  chief  c o n s t i t u e n t s  of 
t he  pol l in ia l  wall. The  suspec ted  cu t i cu la r  n a t u r e  of t he  
wal l  was also tes ted .  Cu t in  is saponif ied  b y  an  alcoholic  
so lu t ion  of K O H ,  b u t  t h e  pol l in ia l  wal l  is f ound  to  be  
insoluble  in  th i s  reagen t .  I n  con t ras t ,  t h e  wal l  is saponif ied  
in t he  sporopol len in  so lven t  of fused KOH.  I t  m a y  be  
n o t e d  here  t h a t  t he  r eac t ion  of t he  sporopol len in  of t he  
pol len exines  to  t he  a b o v e  tes t s  is also iden t ica l  to  t h a t  of 
pol l in ia l  walls.  L ign in  shares  t he  so lubi l i ty  p roper t i e s  of 
sporopol lenin*,  b u t  t h e  usual  s t a in ing  t echn iques ,  specific 

for th i s  cons t i t uen t ,  h a v e  no t  revea led  i ts  p resence  in t he  
poll inia.  

The  sporopol len in  compos i t i on  of pol l in ia l  wall  is 
f u r t h e r  e m p h a s i z e d  b y  acetolysis .  A l t h o u g h  i t  h a d  no  
effect  on  t he  bag- l ike  n a t u r e  of the  poll inia,  acetolys is  
leaves a n  open  a rea  on  t he  pol l inia l  wal l  co r respond ing  to 
t he  g e r m i n a t i n g  region.  The  s l i t  so revea led  has  well 
def ined  edges fol lowed b y  c lear  cel lular  ou t l ines  all  
a round .  I n  t he  po l l in ia  of Calotropis which  we examined ,  
th i s  sli t  m e a s u r e d  a b o u t  350-400 ~zm in length .  Since t he  
l e n g t h  of t he  open ing  is m u c h  g rea te r  t h a n  i ts  b r e a d t h ,  i t  
m a y  be  def ined  as a furrow,  fol lowing t he  t e rmino logy  
sugges ted  b y  FAGERI a n d  IVERSEN~. 

Our  s t u d y  revea ls  some of t he  s imi lar i t ies  be tween  
pol len a n d  pol l in ia l  wall.  The  fu r row on the  pol l in ia l  wal l  
a n d  t he  germ pore  on  t he  pol len exine  are rea l ly  differen-  
t i a t e d  wal l  regions for t he  e m a n a t i o n  of pol len  tubes .  
Again,  as in  t h e  case of t he  ge rm pore  in pol len  wall, t h e  
pos i t ion  and  m o r p h o l o g y  of t he  pol l in ia l  fu r row a p p e a r  to  
h a v e  some d iagnos t i c  significance.  Besides,  t he  chemica l  
compos i t i on  of t he  two  walls shows resemblances .  ]3oth 
are r e s i s t a n t  to  l ip id  solvents ,  a lcoholic  K O H  and  
acetolysis.  A t  t he  same  t ime,  acetolys is  clears t he  regions 
of t he  pore  and  t he  furrow.  The  va r ious  t e s t s  m e n t i o n e d  
above  ind ica te  t h a t  t h e  pol l in ia l  wall, like t h a t  of t he  
pol len exine, is composed  of sporopol len in  s. 

Zusammen]assung. Nachweis ,  dass  das  Po l l i na r i um von  
Calotropis gigantea re ich l ich  Sporopol len in  e n t h ~ l t  und  
dass  die Pollenschl~Luche das  Po l l i na r ium d u r c h  eine 
p r~fo rmie r t e  F u r c h e  ver lassen.  
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A Combinat ion  of Sister Chromatid  Differential Staining and Giemsa  Banding 

W h e n  a cell is g rown in a m e d i u m  c o n t a i n i n g  5-bro- 
m o d e o x y u r i d i n e  ( B r d U r d  or t he  older  a b b r e v i a t i o n  B U d R  
wh ich  is used t h r o u g h o u t  th i s  paper)  for two  cell cycles, t he  
two  s is ter  c h r o m a t i d s  of each  c h r o m o s o m e  are  d i f fe ren t :  
one  w i t h  b r o m o n r a c i l  (BU) s u b s t i t u t i n g  t h y m i n e  in b o t h  
of t he  D N A  s t r a n d s  a n d  t he  o t h e r  w i t h  on ly  one BU-  
s u b s t i t u t e d  D N A  s t r and .  LATTI d e m o n s t r a t e d  t h a t  w h e n  
such  cells are  s t a ined  w i t h  t h e  f luorochrome  33258 
H o e c h s t  a n d  obse rved  w i t h  U V  optics,  t he  c h r o m a t i d  w i t h  
b i f i l ia ry  s u b s t i t u t i o n  would  show dul l  f luorescence or no  
f luorescence whereas  t he  c h r o m a t i d  w i t h  un i f i l i a ry  sub-  
s t i t u t i o n  would  show b r i g h t  f luorescence.  I n  t h e  p r epa ra -  
t ions  showing  s is ter  c h r o m a t i d  d i f fe ren t ia l  s t a i n i n g  (SCD), 
s is ter  c h r o m a t i d  exchanges  (SCE) can  be  de t ec t ed  w i t h  
exce l len t  resolu t ion .  

The  f luorescence t e c h n i q u e  was l a t e r  modi f ied  for 
Giemsa  s t a in ing  2-4. I n  these  p r epa ra t i ons ,  t h e  b i f i l ia ry  
s u b s t i t u t e d  c h r o m a t i d  s ta ins  l i gh t ly  a n d  t he  uni f i l ia ry  
s u b s t i t u t e d  c h r o m a t i d  s t a ins  deeply.  Again  SCE are 
e x t r e m e l y  clear.  

Since these  p rocedures  a l r eady  h a v e  i m p o r t a n t  appli-  
ca t ions  5,s a n d  more  uses  are expec t ed  in t he  fu ture ,  i t  
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would be  advan t ageous  to develop addi t iona l  t echn iques  
in th is  direct ion.  In  the  p re sen t  r epor t  we describe 
procedures  which  combine  s is ter  ch roma t id  different ia l  
s ta in ing  and  G banding.  

Mater ia ls  and methods. We used the  following monolayer  
cell cul tures  as mater ia l  fo r - the  p re sen t  s t udy :  Chinese 
h a m s t e r  cell line Don, t he  cac tus  mouse,  Peromyscus  
eremicus, cell line 2352, p r ima ry  cul tures  of Swiss mouse  

Fig. 1-4. Chinese hamster cells after grown in a medium containing 
5-bromodeoxyuridine for two cell cycles. • 1350. 1. Trypsin treat- 
ment, showing G banding on deeply stained chromatid. 2. Trypsin 
treatment, showing G banding on lightly stained chromatid. 3. 
Urea treatment, showing typical G bands. Arrows indicate interrupted 
positive bands. 4. The same cell shown in Fig. 3, showing sister 
chromatid differential staining and exchanges. 

Fig. 5 and 6. Cut-out chromosomes from hmnan lymphocytes after 
grown in a medium containing 5-bromodeoxyuridine for two cell 
cycles. Trypsin treatment, showing G band on the lightly stained 
chromatids. • 2000. 5. Showing SCE points relative to the position 
of G bands. 6. Showing deeply stained material connecting the 
deeply stained chromatid at SCE. 

embryos ,  and h u m a n  lymphocy tes .  Fo r  mono laye r  
cul tures  each was g iven B U d R  (5 ~zg/ml) for 2 cell cycles 
(24 h for Don and  30 h for others) .  For  h u m a n  l y mpho-  
cy te  cul tures  B U d R  was added  24 h af ter  in i t ia t ion  and  
r e incuba ted  for an addi t iona l  48 h. All cul tures  were  
grown in comple te  darkness  when  B U d R  was in t he  
medium.  In  all cases, a 2 h Colcemid t r e a t m e n t  (0.05 ~zg/ 
ml) was appl ied pr ior  to harves t .  Convent iona l  a i r -dr ied 
p repa ra t ions  were made.  

Two m e t h o d s  were used:  1. Tryps in  t r e a t m e n t .  We  
di lute  t he  regular  t r y p s i n  solut ion used in rout ine  cell 
cul tures  w i th  H an k s '  ba lanced  s a l t  solut ion (wi thout  Ca 
and Mg) to 20% of its original  s t reng th .  Slides, 2 days  
to 2 m o n t h s  old, are t r ea t ed  wi th  th is  t ryps in  solut ion for 
1-2 min,  t h e n  quickly  r insed in H an k s '  solut ion (wi thout  
Ca and Mg), 70% ethanol ,  95% ethanol ,  and a i r -dr ied 
again. They  are t h e n  s ta ined  in 2% Giemsa p repa red  in 
0.01 M p h o s p h a t e  buffer  (pH 7) for a p p r o x i m a t e l y  2 min 
and  t h e n  r insed in deionized water .  The procedure  is in 
fact  the  same as t he  regular  G band ing  technique ,  b u t  i t  
gives SCD as well as G banding.  G bands  m a y  appear  in 
e i ther  the  l igh t ly -s ta ined  or the  deeply  s ta ined  chromat id ,  
depend ing  upon  the  dura t ion  of the  t ryps in  t r e a t m e n t .  
Brief t r e a t m e n t  produces  excel lent  SCD. A s l ight ly  longer  
t r e a t m e n t  t ime yields G bands  on the  bifi l iary subs t i t u t ed  
ch roma t id  and  longer  t r e a t m e n t  produces  b a n d s  on b o t h  
chromat ids .  Cont inued  t r e a t m e n t  obl i te ra tes  the  SCD 
p a t t e r n  and  only  G bands  are seen. Thus  b o t h  pa t t e rns ,  
SCD and  G bands ,  can  be p roduced  on the  same cells. 

2. Urea  t r e a t m e n t .  The urea m e t h o d  of SHIRAISHI and  
YOSIDA v can be used effect ively to achieve the  same 
resul t  b u t  the  SCD p a t t e r n  is rap id ly  replaced by  G bands .  
We prepare  an 8M urea solut ion which  is mixed  wi th  
M/15 Sorensen ' s  buffer  (3:1) and  the  mi x t u r e  is k e p t  a t  
37~ Slides are d ipped  into th is  solut ion for a brief  
exposure  (5-15 sec), r insed,  and  s ta ined  in Giemsa the  
same way  as before.  

I t  is also feasible to  induce G band ing  first  by  urea 
t r e a t m e n t  7 and la te r  induce SCD of the  same cells by  the  
t echn ique  of KORENBERG and FREEDLENDER 4. 

Results  and discussion. Figure  1 p resen t s  a Chinese 
h a m s t e r  m e t a p h a s e  showing SCD and  G band ing  on the  
dark ly  s ta ined  chromat id ,  and  Figure 2, on the  l ight ly  
s ta ined  chromat id .  B o t h  were t aken  f rom t r y p s i n - t r e a t e d  
prepara t ions .  In  general ,  when  G band ing  is on the  l ight  
ch romat id ,  the  b a n d s  are more  dis t inct .  Figure  3 p resen t s  
the  G band ing  p a t t e r n  of a Chinese h a m s t e r  m e t a p h a s e  
t r e a t ed  wi th  urea. The same cell is shown in F igure  4 
reveal ing  SCE p a t t e r n s  following the  KORENBERG 
techn ique  4. 

LATT ~ found t h a t  the  poin ts  of SCE are usual ly a t  the  
Q-  bands .  In  G banding,  it  would mean  G -  bands .  Figure  
5 p resen t s  several  cu t -ou t  h u m a n  ch romosomes  ( t rypsin  
t r e a t m e n t )  which  do no t  ent i re ly  conf i rm LATT'S observa-  
t ion.  

The ac tua l  po in t  of exchange  is diff icult  to  de t e rmine  
since i t  is known  t h a t  Giemsa posi t ive  b a n d s  are p r o d u c e d  
by  different ia l  con t rac t ion  of por t ions  of the  ch roma t id  a t  
specific regions. As the  ch romosome  condenses  dgr ing  
late  p rophase  in to  m e t a p h a s e  w h a t  m a y  have  been  3 o r  4 
minor  posi t ive  b a n d s  m a y  become one major  posi t ive  
band .  An exchange  in a Giemsa nega t ive  region would  be 
easier to  i n t e rp re t  b u t  our da t a  indica tes  t h a t  the  ex- 
change  po in t s  are ra re ly  w i th in  Giemsa nega t ive  areas 
b u t  ins t ead  appea r  to  be a t  t he  junc t ion  of posi t ive  and  
nega t ive  bands .  The ' t i l ted '  appearance  of the  G b a n d s  a t  
po in t s  of exchange  (Figure 3) causes us to suspec t  t h a t  the  

T y. SHIRAISHI and T. H. YOSIDA, Chromosoma 37, 75 (1972). 



918 Specialia EXP~RIENTIA 31/8 

regions  of t he  pos i t ive  Giemsa  b a n d s  are i nvo lved  a n d  
t h a t  t he  exchange  m a y  be  more  com pl ex  t h a n  has  been  
suggested.  A t  p r e sen t  we h a v e  no b e t t e r  e x p l a n a t i o n  for 
t he  i n t e r r u p t e d  pos i t ive  G b a n d s  in t he  exchange  regions.  

Of p a r t i c u l a r  i n t e r e s t  w i t h  the  t r y p s i n  p rocedure  to 
i nduce  SCD is t h a t  f r e q u e n t l y  one observes  in t e rch ro -  
m a t i d  connec t ions  a t  t he  p o i n t  of SCE (Figure 6). Such  
connec t ions  h a v e  n e v e r  been  seen in 33258 f luorescence 
p r e p a r a t i o n s  or  Giemsa  p r e p a r a t i o n s  us ing  p rocedures  
descr ibed  p rev ious ly  b y  o t h e r  inves t iga to rs .  I t  is possible  
t h a t  t r y p s i n  t r e a t m e n t  d i s to r t s  t he  d i s t r i b u t i o n  of 
nuc leopro te ins  a long  t he  c h r o m a t i d s  a n d  t he  connec t ing  
s t a ined  m a t e r i a l  r ep resen t s  a n  a r t e fac t .  

Since SCE m a y  be  a sens i t ive  and  accu ra t e  m e t h o d  for 
m e a s u r i n g  gene t ic  i n s t a b i l i t y  of m a m m a l i a n  and  h u m a n  
cells, i m p r o v e m e n t s  in m e t h o d o l o g y  ( rapidi ty ,  s impl ic i ty  
as well  as c o m b i n a t i o n  of t echn iques )  shou ld  p rove  to be 
useful  in fu tu re  inves t iga t ions .  The  p rocedures  descr ibed  
in t he  p r e sen t  p a p e r  n o t  on ly  can  revea l  b o t h  SCD a n d  G 
b a n d i n g  b u t  are  also rapid .  T he  t r y p s i n  m e t h o d  requi res  a 
t o t a l  of a p p r o x i m a t e l y  5 min .  

Summary. W e  r e p o r t  a p rocedure  for  c o m b i n i n g  s is ter  
c h r o m a t i d  d i f fe ren t ia l  s t a in ing  and  G b a n d i n g  in t he  
same  m e t a p h a s e  plate .  M a m m a l i a n  cells in cu l tu re  are 

g rown  in m e d i u m  c o n t a i n i n g  5 - b r o m o d e o x y u r i d i n e  for 
two  cell cycles, and  c o n v e n t i o n a l  a i r -dr ied  p r e p a r a t i o n s  
are  made.  The  slides are t r e a t e d  w i t h  a t r y p s i n  or a u rea  
so lu t ion  t h e  same  way  as for r egu la r  G band ing .  This  
m e t h o d  is s imple  and  fas t  a n d  p rov ides  a d d i t i o n a l  in forma-  
t i on  for cytogenet ic is tsS.  
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L i m u l u s  C h r o m a t o p h o r o t r o p i n :  Act ion  on I so la ted  

The  CNS of t he  horseshoe  crab,  Limulus polyphemus, 
con ta in s  a c h r o m a t o p h o r o t r o p i n  t h a t  disperses melano-  
phore  p i g m e n t  in Uca species l, 2. D u r i n g  our  c o n t i n u i n g  
s t u d y  of th i s  s u b s t a n c e  3, 4, we wonde red  if i t  ac ted  d i rec t ly  
or ind i rec t ly  in Uca melanophores .  W e  also wonde red  if 
t h i s  Limulus-Uca-chromatophorotropin, which  for con- 
ven ience  we refer  to  as LUC, was capab le  of in f luenc ing  
p i g m e n t  m i g r a t i o n  in c h r o m a t o p h o r e s  of o the r  c rus taceans .  
To o b t a i n  answers  to  these  quest ions ,  we h a v e  t e s t ed  t h e  
effects of LUC ex t r ac t s  on  isola ted legs of Uca species 
a n d  on  eyes ta lk less  r ep re sen t a t i ve s  of severa l  c ru s t acean  
families.  

All an ima l s  (except  Gecarcinus lateralis ~) were o b t a i n e d  
commerc ia l ly  and  held  in su i t ab le  ar t i f ic ia l  sea w a t e r  
( I n s t a n t  Ocean) e n v i r o n m e n t s .  E y e s t a l k s  were r e m o v e d  
a t  leas t  1 d a y  pr ior  to  expe r imen t s .  I so l a t ed  legs, h a v i n g  
all  s tage  one 6 melanophores ,  were o b t a i n e d  f rom eyes ta lk-  
less Uca pugilalor a n d  t he  r ecen t l y  descr ibed  U. panacea 7. 
Legs were r e m o v e d  p r o x i m a l  to  the  a u t o t o m y  p lane  on  
t he  bas i i s ch ium and  p laced  in Syracuse  glasses con ta in ing  
physio logica l  sal ine s. T he  2nd and  3rd wa lk ing  legs were 
used ;  t h e  r i g h t  legs as con t ro l s  a n d  t h e  lef t  legs as ex-  
pe r imen ta l s .  E x t r a c t s  were p r epa red  b y  t h o r o u g h l y  
g r ind ing  lyophi l ized Limulus CN S in all-glass homogen ize r s  
in  e i the r  sal ine (legs) or ar t i f ic ia l  sea w a t e r  (crabs).  The  
r e s u l t a n t  m i x t u r e  was t h e n  cent r i fuged ,  boi led for 10 min,  
recen t r i fuged ,  a n d  t he  s u p e r n a t a n t  used for in ject ion.  
Cont ro l  legs were in jec ted  w i t h  10 [xl saline,  a n d  ex- 
p e r i m e n t a l  legs w i t h  10 ~1 of a 0.1 m g  d r y  C N S / m l  sal ine 
ex t rac t .  P r e l i m i n a r y  s tud ies  showed t h a t  m e l a n o p h o r e s  
of eyes ta lk less  Uca e x h i b i t e d  p r o n o u n c e d  responses  to  
in jec t ions  of 10 [zl of one d r y  CNS/5  ml  sea w a t e r  LUC 
ex t rac t .  Therefore,  eYestalkless c rabs  were in jec ted  w i t h  
a vo lume  of t h a t  e x t r a c t  equa l  to  t he  r a t io  eyesta lkless  
c r ab  weight/Uca w ei gh t .  Cont ro l  c rabs  were in jec ted  w i t h  
a n  equa l  vo lume  (10-150 ~1) of sea water .  All  in jec t ions  
were m a d e  w i t h  a H a m i l t o n  100 [xl sy r inge  equ ipped  w i t h  
a 30 gauge  needle.  Legs were in jec ted  t h r o u g h  t he  a u t o t -  
o m y  p l ane  in to  t h e  merus ,  a n d  crabs  were in jec ted  a t  t he  
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base  of the  wa lk ing  legs. All assays  were pe r fo rmed  in a 
d a r k e n e d  room.  I so la t ed  leg c h r o m a t o p h o r e s  were s taged  ~ 
before  in jec t ion  and  a t  15, 30, 60, 90, and  120 rain  a f te r  
in ject ions .  Eyes ta lk less  c rab  c h r o m a t o p h o r e s  were ob- 
se rved  and  s t aged  s a t  s imi la r  in te rva l s ,  or  un t i l  t h e  absence  
of response  was ev iden t .  No a t t e m p t  was m a d e  to q u a n t i f y  
t he  response  of eyes ta lk less  c rab  c h r o m a t o p h o r e s  t o ~ U C  
ex t rac t s .  I n s t ead ,  we obse rved  t he  c h r o m a t o p h o r e  respdnse  
to  e x t r a c t s  a n d  to sea w a t e r  for a pe r iod  suf f ic ien t  to  
d e m o n s t r a t e  p i g m e n t  d ispers ion or con t r ac t i on ,  or no 
response,  in those  an ima l s  in j ec ted  w i t h  ex t rac t .  In  
pos i t ive  expe r imen t s ,  LUC e x t r a c t s  p roduced  obvious  
d ispers ion  or c o n c e n t r a t i o n  of p i g m e n t  (different  b y  two 
or more  c h r o m a t o p h o r e  s tages  f rom the  con t ro l  value) 
w i t h i n  15-30 m i n  af te r  in jec t ion .  E x p e r i m e n t s  on  eyesta lk-  
less c rabs  were conduc t ed  t h r ee  or more  t imes  for each 
species. 

To t e s t  for a possible  d i rec t  ac t ion  of LUC, we first  
i n j ec ted  isola ted legs w i t h  10 txl of L U C  e x t r a c t  or  10 txl 
of saline.  The  resu l t s  of these  e x p e r i m e n t s  a t  15, 30, 60, 
90, a n d  120 min,  are shown  in Tab le  I. A l t h o u g h  t he  
c h r o m a t o p h o r e s  of t he  con t ro l  legs showed  a response  to 
sal ine inject ions,  t he  response  of legs f rom b o t h  species 
to  LUC was s ign i f ican t ly  h igher  (p < 0.005, S t u d e n t ' s  
t - tes t  a n d  M a n n - W h i t n e y  U-tes t )  a t  all i n t e rva l s  examined .  
Since these  e x p e r i m e n t s  d e m o n s t r a t e d  t h a t  LUC ex t r ac t s  
could cause p i g m e n t  d ispers ion  in t he  m e l a n o p h o r e s  of 
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