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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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Table I. Relationship between fed and fasted rat blood and brain metabolites 

EXPERIENTIA 32/11 

Mean fed/fasting ratios 

Newborn (12 h) �9 Newborn (24 h) Sucklings (48 h) Adults (120 h) 

Blood glucose b 1.95 a 3�9 • 0.33 (12) 3.74, 3.37 4- 0.29 (18) 1.59 ~ 4.76 • 0.31 (22) 1.74" 6.77 ~_ 0.52 (6) 
1.91 4- 0.34 (17) 0.90 • 0.19 (16) 3.00 ~ 0.23 (25) 3.88 • 0.21 (9) 

Blood alanine 5.14~ 1.13 • 0�9 (12) 3.13o 0.72 • 0.10 (18) 2.09 ~ 0.73 ~ 0.05 (22) 0�9 0.43 4- 0.02 (6) 

0�9 4- 0.05 (17) 0.23 4- 0.07 (16) 0.35 4- 0.04 (24) 0.55 • 0,06 (9) 

Brain alanine 3.33 a 0�9 ~_ 0.15 (8) 5.17~ 0.62 :~ 0.08 (10) 1.34 a 0.39 / :  0.02 (27) 0.85 0.23 ~ 0.01 (5) 

0.21 4- 0.02 (7i 0.12 • 0.03 (11) 0.29 • 0.03 (25) 0.27 := 0101 (10) 

Blood glutamine/~ate 1.97a 1.79 ~ 0�9 (12) 1.41~ 1.48 • 0.15 (18) 1.33 ~ 1.38 • 0.04 (22) 1�9 1�9 4- 0,04 (6) 

0.91 • 0.18 (17) 1.05 4- 0.11 (16) 1.04 i 0.06 (24) 0.94 4- 0.08 (9) 

Brain glutamate/-ine 1.49 2.96 • 0.43 (8) 1.96 a 3.57 ~ 0.20 (10) 1.03 5.32 =~ 0.33 (23) 0.73 ~ 5.10 4- 0.20 (5) 

1.99 4- 0.26 (7) 1.82 • 0.20 (11) 5.19 • 0.44 (22) 6.97 dz 0.83 (10) 

Fasting period, b Values tabulated represent the ratios between the concentrations of blood and brain metabolites of comparable fed and 
fasting rats. All concentrations in blood are expressed in m M  and in brain as btmoles/mg DNA. In brackets are the means i SEM of fed 
(numerator) and fasted (denominator) animals. Number of rats in parenthesis, op < 0.05; ap < 0.01; "p < 0.001. 

F o r  e x p e r i m e n t s  in t h e  p e r i n a t a l  p e r i o d ,  W i s t a r -  
d e r i v e d  p r e g n a n t  r a t s  ( C a r w o r t h ,  N e w  Ci ty ,  N . Y . )  w e r e  
f ed  a c o m p l e t e  c o m m e r c i a l  r a t i o n  ( P u r i n a  L a b  C h o w ,  
R a l s t o n  P u r i n a  Co.,  St .  L o u i s ,  Mo.)  a d  l i b i t u m  a n d  m a i n -  
t a i n e d  in  a c o n t r o l l e d  e n v i r o m n e n t  t h r o u g h o u t  g e s t a t i o n  
a n d  l a c t a t i o n .  A f t e r  d e l i v e r y ,  l i t t e r s  we re  r e d u c e d ,  if 
n e c e s s a r y ,  t o  12 p u p s .  B r o o d s  s m a l l e r  t h a n  8 w e r e  e x -  
c l u d e d .  I m m e d i a t e l y  a f t e r  b i r t h ,  h a l f  o f  e a c h  l i t t e r ,  
r e g a r d l e s s  of  sex ,  w a s  t a k e n  a w a y  f r o m  t h e  d a m s  for  12 
or  24 h a n d  m a i n t a i n e d  a t  a t e m p e r a t u r e  of  29 -31  ~ T h e  
r e m a i n i n g  p u p s  w e r e  l e f t  w i t h  t h e  d a m s  d u r i n g  t h e  s a m e  
t i m e .  W ' e i g h t  losses  w e r e  r e p l a c e d  w i t h  i . p .  i n j e c t i o n s  of  
0.04 M NaC1 t h r i c e  da i ly .  I n  o t h e r  e x p e r i m e n t s ,  s u c k l i n g s  
2 t o  21 d a y s  o ld  w e r e  f a s t e d  for  48 h .  A d u l t  m a l e s  w e r e  
s t a r v e d  for  120 h .  W a t e r  w a s  o f f e r e d  t o  t h e s e  a n i m a l s  a t  
will .  A t  t h e  e n d  of  t h e  f a s t i n g  pe r i od ,  b o t h  t h e s e  r a t s  a n d  
t h e i r  f ed  c o u n t e r p a r t s  we re  p l a c e d  u n d e r  l i g h t  e t h e r  
a n e s t h e s i a  a n d  t h e  h e a d s  s e v e r e d  i n t o  l i q u i d  n i t r o g e n .  
B l o o d  w a s  c o l l e c t e d  f r o m  t h e  t r u n k s .  A n a l y t i c a l  m e t h o d s  
we re  d e s c r i b e d  in  a p r e v i o u s  p u b l i c a t i o n  L 

S t a r v e d  n e w b o r n  a n i m a l s  s u f f e r e d  a m a r k e d  h y p o -  
g l y c e m i a ,  w i t h  m e a n  g l u c o s e  l eve l s  f a l l i ng  b e l o w  1.0 m M  
(18 m g / 1 0 0  ml )  in  t h e  s u r v i v o r s  of  t h e  s t r e s s .  A m o r t a l i t y  
of  3 3 %  w a s  r e c o r d e d  a f t e r  24 h of  f a s t i n g  in  t h e  n e w b o r n  
g roup �9  H o w e v e r ,  s u c k l i n g s  w i t h s t o o d  48 h of  f ood  d e p r i v a -  
t i o n  a n d  a d u l t s  u p  to  120 h of  f a s t i n g  w i t h  a m a r k e d  
w e i g h t  loss  b u t  w i t h o u t  e f f ec t s  o n  t h e i r  s u r v i v a l .  B l o o d  
g l u c o s e  l eve l s  of  b o t h  s u c k l i n g  a n d  a d u l t  r a t s  d e c l i n e d  
s h a r p l y  a f t e r  e i t h e r  48 o r  120 h of  f a s t i n g ,  b u t  r e m a i n e d  
a b o v e  t h e  2.8 m M  (50 m g / 1 0 0  ml)  m a r k .  

T h e  r a t i o s  b e t w e e n  b l o o d  c o n c e n t r a t i o n s  in  f ed  a n d  
f a s t e d  a n i m a l s  for  g lucose ,  a l a n i n e  a n d  g l u t a m a t e  p l u s  
g l u t a m i n e ,  a n d  b r a i n  l eve t s  o f  t h e s e  a m i n o  a c i d s  u n d e r  
t h e  s a m e  c o n d i t i o n s  a r e  s h o w n  in  T a b l e  I .  I t  w a s  a p p a r e n t  
t h a t  in n e w b o r n  r a t s ,  t h e  dec l i ne  of  f ree  a m i n o  ac id s  in  
c i r c u l a t i o n  w a s  c o n c o m i t a n t  w i t h  a fa l l  in  b r a i n  a l a n i n e  
a f t e r  12 h of  f a s t i ng �9  F o l l o w i n g  24 h o f  f ood  w i t h d r a w a l ,  
t h e  d e p l e t i o n  o f  b r a i n  a l a n i n e  w a s  e v e n  m o r e  m a r k e d ,  
a n d  a c o m p a r a b l e ,  b u t  less  s h a r p  c h a n g e  o c c u r r e d  for  
g l u t a m i n e / - a t e  a n d  i t s  b r a i n  s t o r e s .  I n  s u c k l i n g s  2 to  21 
d a y s  old,  o n l y  b r a i n  a l a n i n e  s u f f e r e d  a dec l ine  c o m p a r a b l e  
to  t h a t  in  b lood ,  w h i l e  t h e  d e c r e a s e  in  b r a i n  g l u t a m a t e /  
- ine  w a s  i n s i g n i f i c a n t � 9  F u r t h e r m o r e ,  a d u l t  r a t s ,  e v e n  
w h e n  s t a r v e d  for  5 d a y s ,  w e r e  c a p a b l e  of  m a i n t a i n i n g  
lower ,  b u t  a d e q u a t e ,  l eve ls  of  b l o o d  g lucose .  T h e  s t r e s s  
w a s  i n s u f f i c i e n t  t o  a f f ec t  e i t h e r  c i r c u l a t i n g  leve ls  of  
a l a n i n e  or  b r a i n  d e p o s i t s  of  t h i s  a m i n o  acid .  T h e  s a m e  w a s  
t r u e  fo r  b lood  g l u t a m i n e  p l u s  g l u t a m a t e  in  t h e  a d u l t  r a t ,  
w h i t e  t h e  b r a i n  c o n c e n t r a t i o n s  of  t h e s e  a m i n o  a c i d s  w e r e  
a c t u a l l y  i n c r e a s e d .  

T h e  i n t e r r e l a t i o n s h i p  b e t w e e n  c i r c u l a t i n g  a n d  b r a i n  
m e t a b o l i t e s  w a s  a s s e s s e d  in  t e r m s  of  t h e  c o r r e l a t i o n  
c o e f f i c i e n t s  b e t w e e n  b lood  v e r s u s  b r a i n  c o n c e n t r a t i o n s  
( T a b l e  I I ) .  G l u c o s e  l eve l  a l t e r a t i o n s ,  n a m e l y ,  c h a n g e s  d u e  
t o  h y p o g l y c e m i a  s e c o n d a r y  t o  s t a r v a t i o n ,  s h o w e d  n o  
c o r r e l a t i o n  w i t h  b r a i n  a l a n i n e  a n d  g l u t a m a t e  in  n e w b o r n  
a n d  s u c k l i n g  r a t s .  I n  a d u l t  r a t s ,  t h e  a c c u m u l a t i o n  o f  

7 I~. A. YVAPNIR, Brain Res. 57, 187 (1973). 

Table II. Correlation coefficients between glucose, alanine and glutamine plus glutamate in blood and brain of fed and starved rats 

Brain alanine Brain glutamate/-ine 

2-21 days old Adults 2-21 days old Adults 

Blood glucose 0.249 (28) --  0.633 �9 (12) 0.246 (28) --  0.647 b (12) 
Blood alanine 0.714 ~ (29) 0.107 (12) --  0.053 (29) - -  0.249 (12) 
Blood glutamine + glutamate 0.652 ~ (29) --  0.472 (12) 0.247 (29) - -  0.607 (12) 

Number of animals in brackets, "p < 0.05; bp < 0.02; ~ < 0.001. 
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these  two amino  acids co r responded  w i t h  a s ignif icant ,  
nega t ive ,  regress ion coeff ic ient  in r ega rd  to b lood glucose, 
However ,  changes  in c i rcu la t ing  levels of a l an ine  a n d  
g l u t a m i n e  plus  g l u t a m a t e  were a good index  for t h e  con-  
c e n t r a t i o n  of a l an ine  in t h e  b r a i n  of n e w b o r n  a n d  suckl ing  
ra ts .  I n  add i t ion ,  t he re  was a nega t ive  co r re l a t ion  be- 
t w e e n  free g l u t a m a t e  plus  g l u t a m i n e  in t h e  b lood  a n d  
t he  s tores  of these  two  a m i n o  acids in  t he  b r a i n  of a d u l t  
an imals .  In  con t ras t ,  t h e  c o n c e n t r a t i o n  of b r a in  g l u t a m a t e  
p lus  t he  lesser a m o u n t s  of g l u t a m i n e  p r e s en t  in t h a t  o rgan  
could  no t  be  r e l a t ed  to changes  in t h e  c i rcu la t ion  of e i the r  
glucose, a l an ine  or g l u t a m i n e - g l u t a m a t e  in  juven i le  rats ,  
regardless  of t h e i r  n u t r i t i o n a l  s ta tus .  These  corre la t ions ,  
w h e n  s ignif icant ,  do no t  i m p l y  a causal  r e l a t ionsh ip  in 
t he  two  var iables ,  b u t  serve to  p o i n t  ou t  c o m p l e m e n t a r y  
physio logica l  effects. 

The  ana lys i s  of t he  f igures p r e sen t ed  here  p rov ide  an  
a d d i t i o n a l  u n d e r s t a n d i n g  of t he  p o t e n t i a l  sources  for 
g luconeogenesis  d u r i n g  s t a r v a t i o n  and  of t he  possible  
a l t e r a t i ons  in  b ra in  m e t a b o l i t e s  w h i c h  m a y  occur  a t  
va r ious  s tages  of d e v e l o p m e n t  in  t he  ra t .  T he  s h a r p  
decl ines in  b lood  a lanine ,  w i t h  a c o n c o m i t a n t  r educ t i on  
of b r a i n  levels of th i s  a m i n o  acid in young  an i m a l s  are a 
consequence  of t he  l imi t ed  mob i l i za t ion  of p ro te in -  
de r ived  amino  acids in growing animals .  This  p h e n o m e n o n  
becomes  ful ly  ope ra t ive  in a d u l t  rats8,9;  hence,  i t  is 
u n d e r s t a n d a b l e  t he  lack of co r re l a t ion  be tween  c i rcu la t ing  
a l an ine  and  t he  level  of th i s  amino  acid, as well  as t h a t  

of g l u t a m a t e ,  i n  t he  b r a i n  of o lder  ra ts .  This  m e t a b o l i t e  
a c t u a l l y  a c c u m u l a t e d  in t he  b r a i n  of adul t ,  s t a rved ,  
an imals .  I t s  dep le t ion  occur red  on ly  du r ing  ex t r eme  
d e p r i v a t i o n  in i m m a t u r e  animals ,  as obse rved  in t he  
p r e sen t  a n d  p rev ious  studies1~ 

The  severe h y p o g l y c e m i a  a t t a i n e d  in t he  n e w b o r n  r a t  
w h e n  no feedings were g iven  a f t e r  b i r t h  seems to be  a n  
in v ivo  e x p e r i m e n t a l  cond i t ion  c o m p a r a b l e  to  t he  one 
ach ieved  b y  in v i t ro  per fus ion  of b r a i n  w i t h  glucose-free 
buf fers  6. The  larger  s tores  of b r a i n  g l u t a m a t e  a n d  the i r  
r e d u c t i o n  in cases of severe h y p o g l y c e m i a  exempl i fy  t he  
concep t  t h a t  d i rec t  u t i l i za t ion  of such  an  anc i l l a ry  me- 
t abo l i t e  t h r o u g h  t he  t r i ca rboxy l i c  acid cycle is a possible 
a l t e r n a t i v e  to  p rov ide  ene rgy  for t he  b r a i n  w h e n  t he  
ava i l ab i l i t y  of glucose and  o t h e r  p r i m a r y  fuels, such  as 
g lycolyt ic  i n t e r m e d i a t e s  or ' ke tone  bodies '  is d imin-  
ished 4, 5, la 
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Summary. Vivipara bengalensis, like m a n y  o the r  gas t ropods ,  p roduces  two  types  of s p e r m a t o z o a  viz., eupyrene  (normal)  
a n d  o l igopyrene  (abnormal ) .  The  eupyrene  ones are c o m p a r a t i v e l y  smal l  and  unif lagel la ted ,  whereas  t he  o l igopyrene 
ones are m u c h  larger,  worm- l ike  a n d  each  w i t h  a t u f t  of ta i l  flagella. E u p y r e n e  and  o l igopyrene  s p e r m a t o z o a  reveal  
in v i t ro  d i f fe ren t ia l  su rv iva l  cha rac te r i s t i c s ;  t he  eupyrene  spe rma tozoa  e x h i b i t  cons ide rab ly  sho r t e r  su rv iva l  as com- 
p a r e d  w i t h  t h e i r  o l igopyrene  coun te rpa r t s .  

Vivipara bengalensis, like m a n y  o the r  gas t ropods ,  ex- 
h i b i t s  spe rm d i m o r p h i s m  1-6. T he  two  types  of spe rma-  
tozoa,  viz. 1, n o r m a l  or eupyrene ,  and  2. a b n o r m a l  or 
ol igopyrene,  are m a r k e d l y  d i f fe ren t  morphologica l ly .  The  
m a t u r e  eupy rene  s p e r m a t o z o o n  is a b o u t  45 tim long, a 
f lage l la ted  cell w i t h  sc rewy head  compr iz ing  sp i ra l ly  
twi s t ed  nuc leus  ca r ry ing  a po i n t ed  t r i a n g u l a r  acrosome 
a t  i ts  t ip.  The  middle-p iece  region is cha rac t e r i zed  b y  a 
d i s t i nc t  cy top l a smic  wrapp ing ,  r i ch  in m i t o c h o n d r i a ,  
a r o u n d  t he  axia l  f i l ament .  Th i s  is fol lowed b y  a suff ic ient ly  

"rime Living Living 
(rain) eupyrene spermatozoa (%) oligopyrene spermatozoa (%) 

0 53.33 -[ 2.149 95.38 ~ 0.856 
15 12.82 ~ 0.643 67.65 ~ 0.686 
30 11.36 ~- 0.071 66.13 ~ 0.417 
45 11.36 ~2 0.007 50.88 ~ 1.952 
60 0 49.76 =c- 3.026 
75 - 21.23 ~= 0.325 
90 - 0 

long v ib ra t i l e  tail .  The  a b n o r m a l  or the  o l igopyrene  
spe rmatozoon ,  on  t he  o the r  h a n d ,  is cyl indrical ,  more  
v o l u m i n o u s  and  reveals  ca terp i l la r - l ike  m o v e m e n t s  unde r  
t he  p h a s e - c o n t r a s t  microscope.  The  o l igopyrene  sperma-  
tozoon  compr izes  3 d i s t inc t  regions,  viz. 1. t he  an te r ior -  
most ,  3-5 ~zm head  region which  is r ep resen ted  b y  a di- 
m i n u t i v e  d e g e n e r a t i n g  nuc leus  and  is a p p a r e n t l y  devoid  
of a n y  acrosome,  2. a long t u b u l a r  a n d  b u l k y  middle-  
piece fol lowed b y  3. a t u f t e d  ta i l  compr iz ing  a large 
n u m b e r  of f lagella wh ich  arise f rom nea r  the  nuc leus  and  
t r a v e l  all  t h r o u g h  t he  cy l indr ica l  middle-p iece  region, 
f rom the  pos te r io r  e x t r e m i t y  of wh ich  t h e y  pierce out .  
The  n u m b e r  of f lagella compr iz ing  t he  ta i l  t u f t  var ies  
f rom 1 0 t o  15. 
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