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These resul ts  are compa t ib l e  wi th  the  presence of 2 dif- 
ferent  amino  acid cha ins  in each t y p e  of e ry th roey t e . en -  
zyme.  I t  is also possible to explain  the  appea rance  of 
these  bands  in t e rms  of a deve lopmen t  of po lymers  con- 
t a in ing  1 r a t  uni t  and 3 bovine  uni ts  on the  one hand ,  bu t  
3 bovine uni ts  and 1 r a t  uni t  on the  other.  In  such an 
instance,  however ,  a f i f th  b a n d  conta in ing  2 bovine  and  
2 ra t  units  could be an t ic ipa ted .  We thus  consider  it  mos t  
probable  to be t h a t  the  enzyme  normal ly  conta ins  2 dif- 
fe rent  po lypep t ide  chains.  I f  the  enzyme is normal ly  a 
dimer,  the  ra t  enzyme migh t  t h e n  be des igna ted  eReR, the  
normal  bovine  enzyme  c~BeB, and  the  2 hybr ids  aReB 
and  ~BeR. Since all k n o w n  mu ta t i ons  involving G-6-PI)  
a e sex- l inked and  no hyb r id  enzyme is formed th rough  
interspecif ic  mat ings ,  it  would appear  t h a t  bo th  genes are 
on the  X - c h r o m o s o m e  and  p robab ly  ve ry  closely l inked 4. 

Zusammen/assung. Die Hybr id i s ie rung  von R a t t e n -  und  
I~inder-Glukose-6-Phosphat  Dehydrogenase  ergibt  2 Hy-  
bride,  was darauf  h indeu te t ,  dass das E n z y m  in be iden  
Ga t tungen  ein Po lymer  yon verschiedenen  Aminos/iure-  
ke t t en  ist. 
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O c c u r r e n c e  of M i c r o v i l l i - L i k e  S t r u c t u r e s  in the  
Gut of D i g e n e t i c  T r e m a t o d e s  

During a c o m p a r a t i v e  survey  of nu t r i t ion  in the  
T r e m a t o d a  i t  was found  t h a t  the  gas t rodermis  of 7 species 
of Digenea examined  bear  f i lamentous  outgrowths ,  remi-  
n iscent  in mos t  instance3 of the  microvill i  p resen t  in the  
ve r t eb ra t e  gut .  These ou tg rowths  m a y  be of vary ing  
leng th  f rom 1-15 /~, as in Haematoloechus medioplexus, 
Haplometra cylindracea, Opisthioglyphe ranae, and  Schistv- 
soma mansoni, or t h e y  m a y  be more  uni form in appear -  
ance and organized into a defini te  s t r ia ted  border,  15-20 l* 
high, as in Diplodiscus subclavatus (Figure 1), Gorgoderina 
vitelliloba and  Gorgodera cygnoides. 

Similar s t ruc tures  have  been descr ibed in Dasymetra 
villicaeca 1, Fasciola hepatica (various au thors  summar ized  
by  DAWES2), Cleptodiscus reticulatus and  C. kyphosi 3, so 
t h a t  t h e y  would appea r  to  be a character is t ic  feature  of 
t he  Digenea.  

In  all the  specimens  of the  7 species examined  the  out-  
growths  s ta in  ve ry  poor ly  wi th  mos t  counters ta ins ,  such 
as eosin or l ight  green, of ten  to  the  ex t en t  t h a t  t h e y  give 
the  appearance  of being separa te  f rom the  under ly ing  gut  
cells. In  addi t ion  t h e y  assume a deep pink colourat ion 
wi th  the  P A S  technique,  and  also give a posi t ive reac t ion  
for acid phospha tase ,  whereas  the  ceils ha rd ly  s ta in  a t  all. 
On the  o the r  hand ,  wi th  Mallory 's  t r i chrome stain,  the  
ou tg rowths  are clearly visible, under  oil immers ion,  as 
indiv idual  s t ruc tures  the  surfaces of which are covered by  
a th in  blue s t a in ing  layer  sur rounding  a yel lowish core 
which is d i rec t ly  cont inuous  wi th  the  cy top lasm of the  
rest  of the  cell. 

In  D. subclavatus, electron microscope observa t ions  on 
the  ou tg rowths  conf i rm those  made  wi th  Mallory 's  s ta in  
unde r  oil immersion,  and show the  project ions  to be uni- 
form in appearance ,  o r i en ta ted  paral lel  to each o the r  and  
perpendicu la r  to the  cell surface (Figure 2). E a c h  projec-  
t ion  is seen to  be composed  of a core of und i f fe ren t ia ted  
cy top lasm sur rounded  by  a t rue  ou te r  m e m b r a n e  which 
is cont inuous  wi th  tile p la sma  m e m b  ane of the  cell. 
E lec t ron  micrographs  also conf i rm the  absence  of basal  
bodies,  or b lepharoplas t s ,  f rom the  cy top l a sm ben ea t h  
the  processes,  indica t ing  t h a t  these cellular extens ions  
are no t  ac t ively  moti le  cilia and  therefore  no t  concerned 
wi th  crea t ing  cur ren t s  for m o v e m e n t  of the  gut  contents .  

This is only  to be expec ted  in view of the  in i r equen t  
occurrence of ci l ia ted s t ruc tures  t h roughou t  t he  adul t  
Trematoda .  The electron mierographs  also make  possible 
a p p r o x i m a t e  es t imates  of the  n u m b e r  of processes present ,  

Fig. 1. A longitudinal section through part of the gastrodermis of 
Diplodiscus subclavatus showing the inierovilli-like outgrowths. 

Periodic acid-Schiff (PAS) and light green. • 600. 

Fig. 2. An electron micrograph of part of a gastrodermal cell in D. 
subclavatus showing the origin and basal region of the mierovilli. 
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toge the r  wi th  some idea of the  effective increase in inter-  
nal surface area. A single gut  cell in D. subclavatus, for 
example,  suppor t s  a p p r o x i m a t e l y  1000 of these  processes, 
and a square  mil l imetre  of gut  surface some th ing  of the  
order  of 26,000,000. These number s  br ing abou t  an in- 
crease in in te rna l  surface area of the  gut  of abou t  115-120 
t imes.  Al though  no e lec t ron microscope observa t ions  
were made  on a n y  of the  o ther  species, e s t imates  wi th  the  
l ight microscope indicate  a s imilar  increase in in ternal  
surface area. 

The mos t  obvious conclusion as to the func t ion  of these 
microvilli-like processes in the  gu t  of digenet ic  t r ema todes  
is tha t ,  by  v i r tue  of the  enormous  in te rna l  surface area 
t h e y  provide,  t h e y  grea t ly  enhance  absorp t ion  of food 
f rom the  gut  lumen.  This is suppor t ed  by  the  presence in 
the  processes  of acid phospha tase ,  an enzyme which  is 
comm on ly  associated wi th  sites of act ive ca rbohydra t e  
t ransfer .  In  addi t ion,  a non-specif ic  esterase has been 
de tec ted  in the  gut  and  in associat ion wi th  the  processes 
of a t  least  3 of the  t r ematodes ,  D. subclavatus, G. vitelIiloba 
and G. cygnoides, so t h a t  it  is possible the  s t ruc tures  may  
also have  a role in digestion. In  this connect ion,  sup- 
por t ing  evidence comes f rom the  work of U~OLEV 4 who 
has d e m o n s t r a t e d  the  impor t ance  of t he  in tes t ina l  sur- 
face on the  ra te  of hydrolys is  of s ta rch  in ver tebra tes ,  
and who believes there  to be hydro ly t ic  enzymes  a d s o r  
bed on the  surface of the  microvilli  which  provide  an 
in t e rmed ia te  l ink be tween  cavi ta l  hydrolys is  and ab- 
sorpt ion.  

Microvilli-like s t ruc tures  have  never  been  observed in 
the  gut  of the  Monogenea,  Polystoma integerrimum, 
Diplozoon paradoxum, Discocotyle sagittata, Diclidophora 
merlangi and  Octodaclylus palmata, dur ing  the  p resen t  
s tudy,  nor  are there  any  repor t s  of such in the  l i terature.  

Indeed  any  var ia t ions  in gas t rodermal  s t ruc tu re  t h a t  
exis t  in th is  group can be re la ted  to differences in die t  s . 
The  gu t  in the  Monogenea  is general ly  a m u c h  b r an ch ed  
and  diffuse s t ructure ,  however,  whi l s t  t h a t  of the  Digenea 
is charac ter ized  b y  i ts  ap p a ren t  s implici ty,  the  only  ex- 
cept ion  being in cer ta in  members  of the  Fasciol idae 
where  the  gut  caeca resemble  those  of a typica l  mono-  
genean  t r ema tode .  This  difference in the  gross s t ruc tu re  
of the  gut  wi th in  t he  T r e m a t o d a  m a y  well be re la ted  to  
the  differences in gas t rodermal  s t ruc ture ,  the  microvil l i  
of the  Digenea grea t ly  increasing the  in te rna l  surface 
area and  t h e r e b y  compensa t ing  for the  lack of b r an ch ed  
and  subdiv ided  diver t icula  so charac ter i s t ic  of the  Mono- 
genea. 

Rdsumd. E t u d e  microscopique de la s t ruc tu re  du tube  
digest if  de 7 espbces de Digenea (Trematoda) .  Dans  routes  
les esp6ces, les cellules du gas t rode rme  poss6dent  des 
microvillosit~s nombreuses  qui d o n n e n t  une r6action 
posi t ive  avec P A S  et  la phospha ta se  acide. Ces s t ruc tures  
a u g m e n t e n t  cons id6rab lement  la surface cellulaire de l ' in- 
t es t in  simple.  Leur  r61e dans  la digest ion et  l ' absorp t ion  
est  discut6e. 
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A C o m p a r i s o n  of  L y m p h  C o l l e c t e d  f r o m  t h e  

T h o r a c i c  D u c t  i n  C B A  a n d  A S t r a i n  M i c e  ~ 

Increas ing  a t t en t ion  has  been given in recent  years  to 
the use of isolated l ymphocy te s  for immunologica l  
studies,  and  di f ferent  me thods  for collecting l y m p h  from 
the  thoracic  duc t  of mice have  been descr ibed (S~I~EW- 
BURY 2, GESNER a n d  GO'eVANS 3, a n d  BOAK and WooD- 
RUFFI). This paper  compares  the  results  of collecting 
lymph  f rom the  thoracic  duc t  of 2 s t rains  of mice over  
several  days  under  sterile condit ions.  

Material and methods. Male whi te  mice of the  'A s t ra in '  , 
weighing 25-30 g and male and female CBA mice, weigh- 
ing 23-28 g were used. 

Abou t  2 h before opera t ion  0.2 ml of olive oil was given 
orally. The  animals  were anaes the t ized  wi th  inject ions of 
nem bu ta l  given s.c. and  supp lemen ted  wi th  ether.  The 
opera t ion  technique  described by  ]3OAK and  WOOI)R~JF~ "4 
was used bu t  we did no t  give s.c. inject ions of saline wi th  
hepar in  af ter  operat ion.  The cannulae  (mouse cannula,  
Po r t ex  Plas t ic  Ltd.)  were steri l ized wi th  70% e thanol  for 
30-60 min.  

The l y m p h  was collected in sterile tubes  conta in ing  
Hank ' s  solut ion wi th  14 U of hepa r in /ml  or 20% normal  
mouse se rum in Tyrode  solut ion wi th  200 U of hepar in /ml .  
For  special purpose  the  tubes  were placed in an ice bath .  

The ceils were counted  in chambers  and  the  different ial  
cell counts  were made  on smears  s ta ined wi th  Le i shman ' s  

stain. For  s ter i l i ty  tes ts  blood agar  plates,  Sabouraud ' s  
agar  p la tes  and b ro th  were used. 

The mice were f ixed in a comfor table  posi t ion on ro ta t -  
ing d rums  (GEsNER and GOWANS3), and  the  food hoppe r  
and  dr inking bot t le  were ad jus ted  so as to be wi th in  easy 
reach. The animals  were kep t  clean and warm.  Clots 
which formed in the  cannulae were r emoved  wi th  a fine 
s tainless-s teel  wire and the  cannulae were washed  care- 
fully wi th  a small  volume (0.05 ml) of H a n k ' s  solution. 

Results. A stra in  mice :  The mean  volumes  of l y m p h  
and the  mean  to ta l  of l ymphocy te s  col lected dur ing  suc- 
cessive 24 h in tervals  are summar ized  in the  Table.  The 
samples  of Iymph  were sterile. About  90-95% of the  cells 
in the  l y m p h  p roduced  dur ing 24-48 h were morpho-  
logically typica l  small  l ymphocy tes ;  the  remain ing  cells 
were med i u m size and large lymphocy tes .  Dur ing  the  
th i rd  and  four th  days,  usually a h igher  percen tage  of 
med ium or larger  cells was found. Most  of the  mice ap-  
peared  well and l ively dur ing  the  exper iment .  

CBA mice: The results  in CBA mice are summar ized  
in the  Table.  The samples  of l y m p h  were found sterile. 
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