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pe rcen t age  of m a l e - m o t h e r s  a n d  ma le - female -mothe r s .  
W e  used t he  l ine 2K of Heteropeza pygmaea ( I ton id idae ,  
Dipt . )  7. The  s u b s t r a t e  for t he  fungus  Peniophora albula 
cons is ted  of 5% m a l t e x t r a c t ,  4 %  agar  and  91% dist i l led 
water .  The  Pe t r i  dishes were inocu la ted  w i t h  t h e  fungus  
in t h e  cen t re  of t he  plates .  To o b t a i n  female -mothers ,  2.5 
days  a f te r  i nocu la t i on  8-10 4-ram-sized m o t h e r  l a rvae  
w i t h  d a u g h t e r  l a rvae  a b o u t  to  h a t c h  were p laced  in a 
Pe t r i  d ish  on  t he  edge of t he  growing  fungus.  For  t he  
p r o d u c t i o n  of m a l e - m o t h e r s  and  male - female -mothe r s ,  
t he  m o t h e r  l a rvae  were p laced  in t he  cen t re  of t h e  Pe t r i  
d ish  a f t e r  7 days  of fungus  growth.  All  o t h e r  p a r a m e t e r s  
such  as t e m p e r a t u r e ,  etc., were held  c o n s t a n t t  

Results. F r o m  t he  8-10 m o t h e r  l a rvae  w h i c h  were 
p laced  in a Pe t r i  dish,  b e t w e e n  200 a n d  300 d a u g h t e r  
l a rvae  h a t c h e d  w i t h i n  a few hours .  I n  b o t h  g roups  (group 
1: l a rvae  p laced  on  p la t e s  w i t h  2 .5-days-o ld  fungus ;  
g roup  2 : t h e  same  on 7-day-old  fungus)  t h e  l a rvae  s t a r t e d  
feeding i m m e d i a t e l y  a f te r  h a t c h i n g  f rom t he  m a t e r n a l  
cut ic le  a n d  h a r d l y  crawled a r o u n d  d u r i n g  l a rva l  develop-  
men t .  I n  b o t h  cases food was a b u n d a n t  and  t he  increase  
in a m o u n t  of t he  food on  accoun t  of t h e  fungus  g r o w t h  
was even  larger  t t l an  t he  decrease  caused  b y  t he  feeding 
of t he  larvae.  The  P e t r i  d ishes  were c lear ly  n o t  over-  
p o p u l a t e d  and  t he  l a rvae  consumed  only  a f r ac t ion  of t he  
food supp ly  provided .  A n o t h e r  i nd i ca t i on  t h a t  in  b o t h  
groups  t h e  l a rvae  consumed  t he  same (i.e. t h e  m a x i m u m )  
a m o u n t  of food, is t h a t  t h e y  reached  t he  same  size a t  t he  
end  of deve lopmen t .  

I n  t h e  P e t r i  dishes of g roup  1, a l m o s t  100~ female-  
m o t h e r s  developed.  Occasional ly,  a l a rva  s t a r t e d  feeding 
on ly  some t i m e  a f t e r  h a t c h i n g  and  deve loped  in to  a male-  
f ema le -mothe r ,  or d id  n o t  feed a t  all. I n  t he  P e t r i  dishes 
of g roup  2, nea r ly  2 o u t  of 3 l a rvae  deve loped  in to  male-  
m o t h e r s  or ma le - female -mothe r s .  In  10 dishes  t he  m e d i u m  
va lue  was  63.9 ~ 3 .6%;  t he  m i n i m u m  va lue  in a single 
P e t r i  d ish  was  4 9 0  a n d  t h e  m a x i m u m  va lue  7 4 0 ,  t he  
s t a n d a r d  d e v i a t i o n  of t he  ind iv idua l  va lue  was 8.9%. 

Discussion. For  our  i nves t iga t ions  on d e v e l o p m e n t  of 
Heteropeza pygmaea, a wel l - func t ion ing  m a l e - m o t h e r s -  
a n d  ma le - f ema le -mo t he r s - p r oduc i ng  cu l tu re  m e t h o d  is 
needed :  in  a t t e m p t s  to  cu l tu re  ovar ies  of th i s  gall  midge  
in v i t ro ,  i.e. in h a e m o l y m p h  t a k e n  f rom sterile,  full- 
g rown l a rvae  10-1~, we i n t e n d  to com pa r e  t he  inf luence  on  
t h e  ovar ies  of h a e m o l y m p h  f rom la rvae  g rown on a 
f e m a l e - m o t h e r - i n d u c i n g  m e d i u m  w i t h  t h a t  f rom la rvae  
g rown on a m a l e - m o t h e r -  and  ma le - f ema le -mo the r -  
i nduc ing  med ium.  To th i s  end  we m u s t  be  sure  t h a t  these  
steri le (progeny-less)  donor  l a rvae  indeed  compr ise  e i the r  

a f e m a l e - o r  a m a l e - d e t e r m i n i n g  i n t e r n a l  milieu.  More- 
over,  for s tudies  on  t he  a b e r r a n t  processes a t  meiosis  of 
t he  m a l e - d e t e r m i n e d  eggs, m a l e - m o t h e r s  a n d  m a l e J e m a l e -  
m o t h e r s  h a v e  to  be  a t  our  d isposal  in  suff ic ient  number s .  
The  p r e sen t  ar t ic le  descr ibes  such  a r ep roduc ib le  m e t h o d  
a n d  c o n t r i b u t e s  to  t he  con t rove r s i a l  d iscussion on the  
role of t h e  food q u a n t i t y  versus  q u a l i t y  in  t h e  d e t e r m i n a -  
t ion  of t he  r e p r o d u c t i v e  d i rec t ion  of t he  d a u g h t e r  larvae.  
I t  n o w  seems clear  t h a t  t he  q u a l i t y  of t he  food is t he  
decisive factor ,  s ince on ly  the  age of t he  fungus  was al ter-  
ed. I n  t he  Pe t r i  d ishes  of g roup  2, t h e  a m o u n t  of n u t r i t i o n  
was, of course, la rger  t h a n  in t he  P e t r i  d ishes  of g roup  1. 
However ,  in  b o t h  cases, t he re  was far  more  food t h a n  
necessa ry  for eve ry  la rva ,  especial ly  since the  l a rvae  can  
n a t u r a l l y  i nco rpo ra t e  on ly  a l imi ted  a m o u n t  of food. 
Since t he  p o p u l a t i o n  dens i ty  was low, t he re  was no  crowd- 
ing-effect ;  even  in t he  P e t r i  d ishes  of g roup  1, t h e  l a rvae  
did  n o t  h a v e  to  crawl  a r o u n d  looking  for food. Thus ,  
feeding la rvae  were no t '  d i s tu rbed .  

P e r h a p s  i t  shou ld  be  m e n t i o n e d  t h a t  a fungus  usual ly  
a l ters  i ts  m e t a b o l i s m  in ageing (produc t ion  of toxins ,  
etc.)13. Di f fe ren t  species of fungus,  of course, differ in  
compos i t ion  of t he i r  h y p h a e  c o n t e n t s  r ep re sen t ing  t he  
food supp ly  for t he  la rvae .  Since for t he  p r o d u c t i o n  of 
female  imago  l a rvae  (which deve lop  in to  female  imagos) 
t h e  d a u g h t e r  l a rvae  in  t h e  l a b o r a t o r y  m u s t  be  g rown on a 
different, fungus  species ~, i t  seems p r o b a b l e  to  us  t h a t  a n  
a l t e r a t i o n  of t h e  food qua l i t y  is also respons ib le  for th i s  
swi tch-over  to  a n  a d d i t i o n a l  d e v e l o p m e n t a l  p a t h w a y  14. 

Summary. The  decis ive role of food qua l i t y  in  de t e rmin -  
ing t h e  d e v e l o p m e n t a l  fa te  a n d  t he  sex of p rogeny  of 
female  l a rvae  of t h e  paedogene t i c  gall  midge  Heteropeza 
pygmaea is es tab l i shed .  
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Lactate Dehydrogenase Isozymes of Mouse Epidermis 

MARI~ERT a n d  URSPRUNG 1 descr ibed in de ta i l  t h e  ontog-  
en y  of t he  a d u l t  l a c t a t e  dehyd rogenase  (LDH) isozyme 
p a t t e r n s  in  a v a r i e t y  of t i ssues  and  organs  of t h e  mouse.  
I n  nea r ly  al l  cases, t h e y  found  5 e l ec t rophore t i ca l ly  
d i s t i nc t  forms,  b u t  in  p ropor t i ons  t h a t  were h igh ly  
t issue-specific.  MARKERT a n d  URSPRUNG did n o t  examine  
t he  L D H  isozyme p a t t e r n s  of t he  skin. This  organ,  pa r t i c -  
u la r ly  t he  mi to t i ca l ly -ac t ive  epidermis ,  exh ib i t s  m a r k e d  
reg iona l  morpho log ica l  v a r i a t i o n  in t h e  mouse  a n d  in  
o t h e r  m a m m a l s .  PAPACONSTANTINOU ~ ha s  r e l a t ed  t h e  
L D H  isozyme profi les of t i ssues  to  t he i r  mi to t i c  ac t iv i ty .  

I n  t he  p r e s e n t  s tudy ,  answers  h a v e  b e e n  s o u g h t  to  t he  
fol lowing ques t ions :  Fi rs t ,  do t he  ep ide rma l  L D H  iso- 
zymes  in t h e  adu l t  mouse  v a r y  be t w een  t h e  d i f fe rent  
a n a t o m i c a l  regions  of t he  i n t e g u m e n t ?  Second, will 

i r r i t a n t s  t h a t  s t i m u l a t e  h y p e r p l a s i a  of t he  ep idermis  
inf luence  t he  p a t t e r n s  of L D H  isozymes ? Third ,  do genes 
t h a t  a l t e r  de rma l - ep ide rma l  i n t e r ac t i ons  also inf luence 
ep ide rma l  i sozyme p a t t e r n s  ? 

Materials and methods. To iden t i fy  regional  differences  
in t he  L D H  isozymes of t he  epidermis ,  8-week-old, male  
and  female  mice of t he  C57BL/(sub l ines :  6J  and  St) 
(a/a), C 3 H B / S t  (rnibw/mibw), a n d  C 5 7 H R / C h  (a/a; hr/hr) 
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Fig. 1. Electropherograms illustrating regional differences in patterns 
of LDH isozymes in the epidermis of C57BL mice: A) tail; B) ear 
pinna; C) trunk dorsuin; D) hind foot. LDH-5 predominates in all 
regions; the ratio of LDH-5 to LDH-] varies. 

Fig. 2. Electropherograms demonstrating regional differences in 
patterns of LDH isozyines in the epidermis of C57HR (hairless) mice : 
A) hi~ld foot; 13) trunk dorsum; C) ear; D) tail. LI)H-5 predominates 
in all regions; the ratio of LDH-5 to LDH-1 varies (compare with 
Figure 1). In ear and trunk, LDH-I stains more intensely than 
LDH-2. 

s t rains  were sacrificed by  cervical dislocation. The quiesl  
cent  (telogen) hair  a, 4 was  plucked f rom an extens ive  area 
of the  t runk  dorsum.  In  each exper iment ,  the  skin f rom 
the  ear pinnae,  tails, ent i re  h ind  feet  (less phalanges) and  
t r u n k  dorsa of app rox ima te ly  8 mice was r emoved  and  
incuba ted  for 11/2-2 h in 2 M NaBr  a t  37 ~ The epidermis  
was split  f rom the  under ly ing  dermis  and  r insed in cold 
physiological  saline, i n  hai red skin the  epidermal  sheets  
included subs tan t ia l  n n m b e r s  of whole and/or  f r agment s  
of hair  follicles. All skin componen t s  were recovered f rom 
the  rinse solut ion by  low speed centr i fugat ion,  frozen 
immedia te ly  in a pe t r i  dish chilled on dry  ice, and s tored  
at  --20 ~ To induce epidermal  hyperplasia ,  the  tails and  
h ind  feet  of 12 female C57BL/6J mice were d ipped  flarice 
weekly  in a 1:1 solut ion of t u rpen t ine  and acetone for a 
to ta l  of 4 weeks. At  sacrifice, the  tails and h ind  feet  were 
r emoved  and t r ea ted  as above. 

E a c h  frozen p repa ra t ion  was  homogenized  in a Po t t e r -  
E lveh jem all-glass homogenizer  in chilled 30% sucrose 
(wet we igh t /vo lume = 0.33 g/ml). The homogena te  was 
centr i fuged at  31,000-35,000• for 30 min at  0~ 
Aliquots  of the  s u p e r n a t a n t  (0.05 ml) were subjec ted  to  
disc po lyacry lamide  gel e lectrophoresis  and L D H  ac t iv i ty  
visualized according to the  me t h o d  of DIETZ and  LUBRA- 
NO 5. Gels were r emoved  f rom the  s ta ining mix tu re  a t  
appropr ia te  in tervals  wi th  an incubat ion  period usual ly 
of 2 h or less a t  37 ~ A Pho tovo l t  'Densicord '  Model 542 
recording electrophoresis  dens i tomete r  was used to scan 
the  s ta ined gels for an es t imate  of relat ive act ivi t ies  of the  
L D H  isozymes. 

Results. Five isozymes of L D H  were p resen t  in electro- 
pherograms  of ex t rac t s  of the  epidermis  f rom the  ear 
pinnae,  tails, h ind  feet, and  t r u n k  dorsa  of C57BI,, C57HR, 
and C3HB mice. LDH-5  and, to a lesser extent ,  L D H - 4  
p redomina t ed  m all types  of epidermis;  general ly ve ry  
small amoun t s  of LDH-3,  LDH-2,  and LI)H-1 were 
de tec ted  (Figures 1 and 2). There  was usually, bu t  no t  
ahvays, a progressive decline in s ta ining in tens i ty  f rom 
LDH-5  to LDH-1.  In  one of three  cases, the  LDH-1 band  
appeared  to be sl ightly more  p rominen t  t h a n  the  LDH-3  
and L1)H-2 bands  in the  t runk  epidermis  of C57BL mice. 
In  C57HR mice the LDH-2  band  was clearly less ev iden t  
t h a n  the  L D H - l  and LDH-3  bands  in the  e lect rophero-  
grams of back and ear epidermis  (Figure 2). The hairless 
back epidermis  was an except ional  case in which LDH-3  
ac t iv i ty  exceeded t h a t  of LDH-4.  The general  impress ion  
for mice of the  three  s t ra ins  was t h a t  the  rat io of ac t iv i ty  
of LDH-1 to LDH-5  for the  ear and back  epidermis  was 
greater  t han  t h a t  for the  tail  and h ind  foot. Bo th  visual  
inspect ion and  dens i tomet r ic  scans of the  s ta ined gels 
were fully cons is ten t  wi th  th is  conclusion. 

Rep ea t ed  d ipping of t he  tails and  h ind  feet  of C57BL 
mice in t u rpen t ine -ace tone  to induce epidermal  hyper -  
plasia resul ted in p rominen t ,  bu t  s o mew h a t  reduced,  
LDH-5 in bo th  types  of epidermis ;  LDH-4  was marked ly  
reduced and LDH-3 ,  LDH-2 ,  and LDH-1 were comple te ly  
absen t  (Figure 3). Overn igh t  incubat ion  of the  gels in the  
s ta ining mix tu re  did no t  result  in the i r  appearance ,  
a l though the  LDH-5  and  LDH-4  bands  were enhanced.  

Discussion. The region-specific L D H  isozyme p a t t e rn s  
in mice are no t  corre la ted  wi th  the  melanin  p igmen ta t i on  
of the  epidermis,  for t h e y  are the  same in mice wi th  
p igmen ted  (C57BL, C57HR) and nonp igmen ted  (C3HB) 
in teguments .  The grea te r  p ropor t ions  of LDH-1 to 
I ,DH-5 in ear and t r u n k  epidermis  migh t  reflect  region- 

5 A. A. I)IETZ and T. LUBRANO, Analyt. Biochem. 20, 246 (1967). 
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specific differences in the  synthes is  of the  A(M) and B(H) 
subuni t s  i or ra tes  of ca tabol i sm of the  various isozymes ~ *. 

Regional  differences in ep idermal  morpho logy  have  
been  shown to be regula ted  in adul t  guinea-pigs and  
hams te r s  by  the  local dermis  9,10. Overall,  i t  would appear  
t h a t  the  vary ing  p a t t e r n s  of L D H  epidermal  isozymes 
derive main ly  f rom the  ac t iv i ty  of local popula t ions  of 
kera t inocytes  wi th  poss ibly  some cont r ibu t ions  by  o ther  
cell types  such as Lange rhans  cells. I t  r emains  to be 
shown whe the r  the  re la t ive  amoun t s  of L D H  isozymes 
synthes ized  depend  on in fo rmat ion  intr insic  to  the  epi- 
dermis  or are p r o g r a m m e d  b y  the  under ly ing  dermis  
t h r o u g h o u t  life. In  hair less (C57HR) mice, the  al tered 
dermal -ep idermal  in te rac t ions  cu lmina t ing  in hair  loss 1~ 
produce  a t  mos t  a small  depa r tu re  f rom the  L D H  iso- 
zyme pa t t e rn s  found  in the  hai red mice. 

The significance of a mul t ip l ic i ty  of forms of L D H  in 
skin is uncer ta in ,  for the  precise roles p layed  by  the  various 
isozymes have  no t  been  es tab l i shed  n-17. PAPACONSTAN- 
TINOU ~ has  p roposed  t h a t  the  passage of mitot ical ly-  
act ive cells into the  s t a t i ona ry  (postmitot ic)  phase  is 
charac te r ized  by  a change  f rom an isozyme p a t t e r n  where  
LDH-5  p redomina te s  to  one where  LDH-1 predominates .  
The h igh  level of LDH-5  in mi to t ica l ly-ac t ive  normal  

mouse epidermis  and  the  a p p a r e n t  loss of LDH-1 in 
epidermis  t r ea t ed  wi th  a hyperp las i a -p roduc ing  chemical  
agent  are cons is ten t  wi th  PAPACONSTANTINOU'S hypo the -  
sis. Nonetheless ,  ne i ther  the  avai lable da t a  on the  L D H  
isozymes nor  on regional  mi to t ic  act ivi t ies  in t he  epidermis  
of the  mouse  is pe rmi t  any  final conclusions regarding the i r  
possible relat ionship.  This s t u d y  does suggest  t h a t  in 
w h a t e v e r  capac i ty  L D H  isozymes funct ion,  all areas of 
the  epidermis  do no t  have  precisely the  same require- 
ments .  

Summary. Five isozymes of L D H  are demons t rab le  in 
the  epidermis  of the  ear pinnae,  h ind  feet, t r u n k  dorsa, 
and  tails of adul t  C57BL, C57HR, and C3HB mice by  
po lyacry lamide  gel electrophoresis .  LDH-5  ac t iv i ty  
p redomina tes  in e lec t ropherograms.  The ra t io  of LDH-1 
to LDH-5  is grea ter  in the  epidermis  of ear  p inna  and 
t r u n k  do r sum t h a n  in t h a t  of tai l  and h ind  foot. The 
region-specif ic  p a t t e rn s  of ep idermal  L D H  isozymes are 
no t  corre la ted  wi th  melanin  p igmen ta t i on  or 'hair iness '  
of the  skin. 
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Fig. 3. Electropherograms of LDH isozymes in epidermis of C57BL/ 
6J mice treated repeatedly with a nlixture of turpentine and acetone : 
A) hind foot (treated); B) tail (treated); C) hind foot (nontreated); 
D) tail (nontreated). LDH-5 predominates in treated and non- 
treated mice. Although LDH-5, LDH-4 and traces of LDH-3, LDH- 
2 and LDH-1 are detectable in skin of nontreated mice, only LDH-5 
and LDH-4 are demonstrable in treated skin. 
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Peroxidase Uptake Through the Tegument of the Cestode Taenia hydatigena 

One of the  i m p o r t a n t  a t t r i bu t e s  of the  ces tode t e g u m e n t  
is the  absorp t ion  of food mater ia ls  f rom the  hos t  intest ine,  
as t h e y  lack a m o u t h  and digest ive t ract .  By  apply ing  
au torad iographic  t echn iques  KING and LUMSI~EN 1 ob- 
served the  passage of labelled linolic acid t h rough  the  
t e g u m e n t  of Hymenolepis diminuta, suggest ing t h a t  t he  
t e g u m e n t  is capable  of t r anspor t ing  macromolecular  
subs tances  f rom the  hos t  intest ine.  Similarly, in the  same 
cestode species, ROTHNAN 2, employing  di f ferent  colloidal 
substances ,  r epor ted  the  absorp t ion  of those  colloidal 
subs tances  t h rough  the  t e g u m e n t  by  electron microscope. 
However ,  h i the r to  no exper imen ta l  evidence has been 

provided  to  subs tan t i a t e  the  e n t r y  of pro te in  molecules 
t h ro u g h  the  t e g u m e n t  of cestodes.  Hence  an a t t e m p t  has 
been made  in the  p resen t  invest igat ion t o  s tudy  the  
na tu re  of the  pe rmeab i l i ty  of the  t e g u m e n t  of the  cestode 
Taenia hydatigena to pro te in  molecules b y  using p lan t  
peroxidase,  which  has  been ex tens ive ly  used recent ly  as a 

1 j.  W. KING and R. D. LUMSDEN, J. Parasit. 55, 250 (1969). 
2 A. H. ROTH~Atr Exph Parasit. 23, 51 (1967). 


