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P o l y m o r p h i s m  in the  Rot i fer  Asplanchna sieboldi: S o m e  C h e m i c a l  C o n s t i t u e n t s  of the  Saccate  and 
C a m p a n u l a t e  F e m a l e s  
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Summary. No de tec tab le  differences in to ta l  protein ,  DNA, R N A  and glycogen co n t en t  were found b e t w een  tile mor-  
phological ly and physiological ly d is t inc t  saccate  and campanu la t e  m o r p h o t y p e s  in one clone of the  rot i fer  A spganchna 
sieboldi. 

The large, p reda to ry ,  ovoviv iparous  rot i fer  A splanchna 
sieboldi can exhib i t  a p ronounced  non-genet ic  poly- 
morph i sm  in female b o d y  size and  shape.  The polymor-  
ph i sm is control led jo in t ly  by  d ie ta ry  tocopherol  (vi tamin 
E) and p rey - type ;  these  factors  also de te rmine  the  mode 
of reproduc t ion  of the  populat ion2 4. Females  m a y  exist  
in any  of th ree  re la t ively  dis t inct ,  basic morpho types :  
saccates,  cruciforms,  and campanu la t e s  (see GILBEI~T 4 
for details).  Saccates  are the  smallest ,  adul ts  ranging f rom 
550 to 750 am in length,  while campanu la t e s  m a y  be up to 
1250 [xm in length;  newborn  and gravid adul t  campanu-  
late females have  4.37 and  2,98 t imes  as m u c h  dry  -weight 
b iomass  as newborn  and gravid  adul t  saccate  females, 
respect ive ly  5. GILBERT 6 has summar ized  some ana tomica l  
fea tures  of these  two m o r p h o t y p e s  and has  compared  
saccates  and campanu la t e s  wi th  respect  to d ry  weight  
biomass,  growth,  longevity,  fecundi ty ,  deve lopment  
t ime,  ra te  of reproduct ion  and mean  genera t ion  t ime.  
WURDAK and GILBERT 7 examined  the  morpho logy  of the  
saccate,  cruci form and campanu la t e  morphs  wi th  l ight 
and electron microscopy.  F u r t h e r  compar isons  of the  sac- 
cate  and campanu la t e  m o r p h o t y p e s  are of considerable  
interest ,  for while the  two m o r p h o t y p e s  are comparab le  in 
the i r  mode of reproduc t ion  (diploid female pa r thenoge-  
nesis) and  u l t ras t ruc tu re  t h e y  present  two ex t remely  
di f ferent  morphological  expressions of the  same species'  
genotype .  Addi t iona l  in format ion  on differences in the  
two m o r p h o t y p e s  m a y  allow fur ther  evalua t ion  of the  
funct ions  and mechan i sms  responsible  for the  differen- 
t ia t ion  of the  two morpho types .  

In  the  p resen t  s t u d y  the  saccate  and campanu la t e  
m o r p h o t y p e s  are compared  wi th  respect  to  in to to  con- 
cen t ra t ions  of protein,  DNA, R N A  and glycogen ; measure-  
m e n t  of s ta t ic  concen t ra t ions  of these cons t i tuen t s  migh t  
indicate  w he the r  there  are morpho typ i c  differences in 
p ro te in  composi t ion,  to taI  DNA per  individual  and ploidy 
level, s ta t ic  R N A  concent ra t ion ,  and energy  storage,  
respect ively.  

Materials and methods. Procedures  for the  cul ture of the  
saccate  and campanu la t e  m o r p h o t y p e s  of A splanchna 
sieboldi, clone 12C1, are descr ibed elsewhere s. The sac- 

cares and campanu la t e s  in this  expe r imen t  were main-  
ra ined exclusively on Paramecium aurelia and A splanchna 
brightwelli, respect ively.  Rot i fers  of all age classes from 
mass  cul tures were coIlected in rot i fer  med ium and washed  
twice in glass dist i l led water .  Homogen iza t ion  and dry  
weight  de t e rmina t ion  procedures  are descr ibed by  LITTON 
and GILBERT s. Homogena t e s  were f rac t iona ted  by  the  
m e t h o d  of SCHMIDT and  THANNHAUSER u as reviewed in 
MUNRO and FLECI~*~ 3 separa te  al iquots  of the  homog-  
enates  were analyzed wi th  the  following analyt icaI  
me thods  being subs t i t u t ed  for the  final de te rmina t ions  of 
each compound  or class of compounds .  The above homog-  
enizat ion and analysis  procedure  was repl icated 3 t imes.  

Pro te in  was measured  by  the HARTREE 11 modif ica t ion  
of the  LOWRY et  al. 12 me thod .  Bovine  a lbumin  s t a n d a r d  
(Sigma Chemical  Co., St. Louis, Missouri, USA) was used 
for cal ibrat ion.  D N A  was measured  using the  f luorometr ic  
procedure  of KISSANE and  ROBBINS ~a. Type  I calf t h y m u s  
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Summary of biochenfical determinations in the saccate and canlpanulate morphotypes of Asplanchna sieboldi, clone 12C1 

Morphotype Replicate mean (n = 3) Concentration (mg/g dry weight rotifer) 

Protein DNA RNA Glycogen 

Saceate 

Campanulate 

a) 560.0 9.3 23.0 8.4 
b) 560.0 9.4 27.0 8.7 
c) 563.0 9.3 24.0 8.6 
mean • SE 561.0 ~ 0.9 9.3 ~ 0.2 24.7 ~ 0.8 8.6 ~ 0.2 

a) 563.0 9.3 26.0 8.8 
b) 562.0 9.0 25.0 8.8 
c} 557.0 9.2 29.0 8.6 
mean ~: SE 560.7 ~ 1.1 9.2 ~ 0.2 26.7 -c 0.8 8.7 • 0.2 
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DNA (Sigma) served as a s t andard .  De te rmina t ion  of 
R N A  was made  wi th  the  orcinol m e t h o d  of SCHNEIDER .4. 
Type  IV calf l iver R N A  (Sigma) was used for cal ibrat ion.  
Glycogen was enzymat ica l ly  hydro lyzed  d i rec t ly  in the  
homogena te  by  t r e a t m e n t  w i th  amyloglucosidase wi thou t  
any  p re l iminary  ex t rac t ion  or pur i f ica t ion procedure  15. 
The glucose thus  released was t h e n  de t e rmined  by  the  
enzymat ic -co lor imet r ic  glucose oxidase procedure  using a 
Sigma kit*6. S t anda rds  were p repa red  f rom pure  Type  I 
r abb i t  l iver glycogen (Sigma) as out l ined in KOEHRIa and 
ALLRED ~a. A single-classif icat ion analysis  of var iance  17 
was pe r fo rmed  to  de te rmine  the  significance of the  results.  

Results and discussion. The resul ts  of the  de te rmina t ions ,  
expressed  as mg/g  dry  weigh t  rotifer,  are shown in the  
Table.  The analysis  of var iance  showed t h a t  there  were 
no signif icant  differences,  a t  the  p 0.05 confidence level, 
in any  of the  measured  b iochemical  pa rame te r s  be tween  
the  saccate  and campanu la t e  morpho types .  

Using mean  values for d ry  weights  of gravid adul t  sac- 
care and campanu la t e  morphs  f rom GILBEnT 5, an es t imate  
of the  chemical  cons t i tuen t s  per  rot ifer  can be calculated 
for the  2 morphs .  The saccate  values in b~g per  organism 
are: p ro te in  (1.20), DNA (0.019), R N A  (0.053) and gly- 
cogen (0.055). The much  larger campanu la t e  morph  show- 
ed an app rox ima te ly  3-fold increase in cons t i tuen t s  per  
individual :  p ro te in  (3.57), D N A  (0.058), R N A  (0.170) and 
glycogen (0.055). These ex t rapo la t ions  are val id only if 
chemical  cons t i t uen t  concen t ra t ion  does no t  change 
apprec iab ly  wi th  age. 

While  campanu la t e s  do no t  show an increased whole 
body  concen t ra t ion  of DNA (or o ther  cons t i tuen ts  mea- 
sured) compared  to saccates,  the  e s t ima ted  increase of 
D N A  by  3 t imes  on a per  individual  rot ifer  basis is w o r t h y  
of fu r ther  inves t iga t ion  and comment .  "WURDAK and GIL- 
~ER'r 7 have  shown t h a t  the  gastr ic  and yolk gland nuclei 
in the  campanu la t e  m o r p h  are larger (approximate ly  25% 
increase in nuclear  dimension)  and more  numerous  (yolk 
g land nuclei 8% more;  gastr ic  gland 27% more) t h a n  in 
the  saccate  morph.  An increase in nuclear  size and numb er  
also m a y  occur in o ther  c a m p a n u l a t e  organs and t issues 
bu t  p robab ly  would no t  account  for the  3-fold e s t ima ted  
increase in DNA con t en t  of t he  campanu la t e  morph.  Thus  
there  m a y  well be more  D N A  per  nucleus in the  campan-  

ulate  morph.  A scanning mic rospec t ropho tome t r i c  analy- 
sis of the  re la t ive D N A  con ten t s  of nuclei in saccate  and 
campanu la t e  morphs  is in progress.  

While no gross chemical  differences be tween  the  sac- 
care and campanu la t e  morphs  were observed in th is  s tudy  
of rot i fers  of all age classes, we canno t  exclude di f ferent  
ra tes  of synthes is  and tu rnove r  of these  compounds  in the  
2 m o r p h o t y p e s  or changes  in concen t ra t ion  w i t h  age. 
MEADOW and BARROWS ls, for example,  showed increases 
in fat,  ash and  pro te in  w i th  age in a bdelloid rot i fer  while 
R N A  con ten t  r emained  cons tant .  

The chemical  cons t i t uen t  measu remen t s  m a y  be of 
d i rect  value, in future  ecological inves t iga t ions  of A. 
sieboMi, since s t and ing  s tock biomass  es t imates  can be 
conver t ed  to individual  cons t i tuents .  Also, these  mea- 
su remen t s  will p e rmi t  the  normal iza t ion  of rot ifer  ex t rac t s  
wi th  regard to protein ,  DNA, R N A  and glycogen concen- 
t ra t ion.  

The da t a  ob ta ined  cor respond well wi th  publ i shed  
accounts  of chemical  measu remen t s  in rotifers.  Our pro- 
te in  values for Asplanchna (56.10% and 56.07% of the  
d ry  weight) are close to those  of POURRIOT 19 (57% of the  
d ry  weight) for a mixed  assemblage of rot i fer  species, bu t  
t h e y  are higher  t h a n  those  of ~ERMAN 2~ (41.2% of the  dry  
weight)  for Brachionus calyci/lorus. MEADOW and  BAR- 
ROWS is, working wi th  the  bdel loid rot i fer  Philodina acuti- 
cornis odiosa Milne, r epor ted  a p ro te in  value range of 
43 54% of the  d ry  weight .  Their  range of 1 .7-5.6% of the  
d ry  weight  for R N A  includes our mean  values of 2.47% 
and 2.67% of the  d ry  weight .  No reference values for DNA 
or glycogen in rot ifers  seem to be available.  
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Summary. Uti l iza t ion  of gluconeogenic  amino acids as a source of energy by  bra in  can occur in s t a rved  newborn  rats. 
This capac i ty  is lost la ter  in life as evidenced by  changing rat ios  in blood and bra in  concen t ra t ions  be tween  fed and 
fasted animals .  

Bra in  is considered to be one of the  organs or t issues 
wi th  m a n d a t o r y  r equ i remen t s  for glucose, s imilarly to 
blood corpuscles and muscleK Only under  pathological  
condit ions,  or early in life, a l t e rna t ive  sources of energy 
have  been d e m o n s t r a t e d  to  be uti l ized direct ly  by  brain,  
namely,  'ketone bodies '  or gluconeogenic amino acids. 
This has been shown to  occur dur ing s t a rva t ion  a, in the  
neona ta l  per iod i ,  5, or dur ing  in v i t ro  exper iments  when  
the  supply  of glucose to the  bra in  is to ta l ly  excluded 6. 

This  communica t ion  i l lus t ra tes  the  correlat ion be tween  
circulat ing levels of glucose and  several  gluconeogenic 
amino acids and  the i r  respect ive  concen t ra t ions  in bra in  
dur ing  the  nu t r i t iona l  s tress induced by  prolonged food 

depr iva t ion  in expe r imen ta l  animals  a t  var ious  stages 
of deve lopment .  
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