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Nuclear Morphology in the Nutritive Cells of Drosophila Testes  

T h e  b e h a v i o u r  of t h e  n u t r i t i v e  cells in  r e l a t i on  to  t h e  
g e r m i n a l  cells d u r i n g  s p e r m a t o g e n e s i s  in  Drosophila has 
b e e n  s u m m a r i z e d  b y  COOLER 1. Howeve r ,  t h e  cha rac t e r i s -  
t i cs  of t h e  n u c l e a r  o r g a n i z a t i o n  in  n u t r i t i v e  cells  seems  t o  
h a v e  been  over looked .  T h e  p r e s e n t  r e p o r t  dea ls  w i t h  t h e  
m o r p h o l o g y  of t h e  n u t r i t i v e  cell nuc le i  w h i c h  h a v e  b e e n  
s tud ied  in  v ivo  u n d e r  t h e  l igh t  microscope .  

Tes tes  of n o r m a l  l a r v a e  f rom Drosophila melanogaster, 
D. testacea, D. hydei, D. inmigrans, D. repleta, D. buzzalii 
a n d  D. phalerata were  i so la ted  in  Drosophila R i n g e r ' s  so- 
lu t ion .  Tes tes  f r o m  X O  a n d  X Y Y  l a r v a e  of D. melano- 
gaster were  also used.  Af t e r  a g r a d u a l  f l a t t e n i n g  of t h e  
testes*,  t h e  g e r m i n a l  a n d  n u t r i t i v e  cells f o r m  a mono laye r ,  
w h i c h  al lows o b s e r v a t i o n  in  v i v o  for  10-15 min .  T h e  pic-  
t u r e s  were o b t a i n e d  in  a Zeiss P h o t o m i c r o s c o p e  w i t h  P la -  
n a p o  X 100 p h a s e  c o n t r a s t  ob jec t ive .  

The  n u t r i t i v e  cell nucle i  show a species-specif ic  mor -  
phology ,  as in  t h e  case of t h e  Y - c h r o m o s o m e  loops in t h e  
s p e r m a t o c y t e  nuclei*.  The  f o r m e r  nuclei  show a sma l l  size 
in  c o m p a r i s o n  w i t h  those  of s p e r m a t o c y t e s  b u t  t h e y  a re  
s l i gh t ly  g r ea t e r  t h a n  spe rma togon i a .  I n  t h e  species s tud ied ,  
t h e  nuc leo lus  a p p e a r s  as  a g lobu l a r  a n d  p r o m i n e n t  body ,  
3 -5  vtm in  d i a m e t e r ,  w h i c h  in  D. teslacea, D. hydei, D. in- 
migrans a n d  D. phalerata genera l ly  shows  a p e r i p h e r a l  d a r k  
reg ion  a n d  a l i gh t e r  c en t r a l  one. 

T h e  nucle i  in  D. melanogaster a n d  D. testacea show two  
dense  a n d  free k n o b s  a n d  a n o t h e r  dense  k n o b  w h i c h  is 
a t t a c h e d  to  t h e  nuc leo lus  (F igure  1). E a c h  free k n o b  ap-  
pea r s  e m b e d d e d  in a diffuse m a t e r i a l  w h i c h  fo rms  i r regu-  
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Fig. 1-4. 1. Nutritive cell nuclei from testes of Drosophila festacea. 
2. D. hydei. 3. D. inmigra~ts. 4. D. repleta. Phase contrast, × 2200. 
Scale mark, 5 [~m. 

l a r - shaped  masses .  Of t en  t h e  nuc leo la r  k n o b  also p r e sen t s  
a s h o r t  d i f fuse  a rm.  T h e  s a m e  m o r p h o l o g y  was  o b s e r v e d  in  
t h e  n u t r i t i v e  cell nuc le i  of X O  a n d  X Y Y  t e s t e s  of D. me- 
lanogaster. 

A p r o m i n e n t  spher i ca l  nuc leo lus  a p p e a r s  b o u n d  to  a 
g r a n u l a r  dense  b o d y  w h i c h  is s u r r o u n d e d  b y  g r a n u l a r  ma -  
t e r i a l  in  D. hydei (Figure  2). I n  D. immigrans t h e r e  is a 
r o u n d  body ,  w i t h  or  w i t h o u t  c e n t r a l  vacuole ,  in  close re- 
l a t i on  w i t h  t h e  nuc leo lus  a n d  t h e  masses  of g r a n u l a r  ma -  
ter ia l .  Gene ra l l y  t h i s  l a t t e r  m a t e r i a l  also p r e sen t s  a dense  
k n o b  (F igure  3). D. repleta o n l y  shows  a nuc leo lus  a n d  
some  s m a l l  a reas  of low d e n s i t y  (F igure  4). D. buzzatii 
p r e s e n t s  a v a c u o l a t e d  dense  b o d y  n e a r  t h e  nuc leo lus  a n d  
a m a s s  of d i f fuse  ma te r i a l .  T h e  nuc leo lus  in  n u t r i t i v e  cel l  
nuc le i  of  D. phalerata is a t t a c h e d  t o  t h e  nuc l ea r  enve lope .  
I n  t h i s  species 2 free knobs ,  e ach  s u r r o u n d e d  b y  a s m a l l  
a rea  of g r a n u l a r  m a t e r i a l  was  obse rved .  

T h e  d i f f e ren t  m o r p h o l o g y  of t h e  n u t r i t i v e  cell nuc le i  in  
t h e  t e s t e s  of severa l  Drosophila species,  seems to  i n d i c a t e  
c e r t a i n  s imi la r i t i e s  w i t h  t h e  species-specif ic  loops  of t h e  
Y - c h r o m o s o m e  in  s p e r m a t o c y t e s  f rom th i s  genus  8, 4. How-  
ever ,  t h e  genera l  o r g a n i z a t i o n  of n u t r i t i v e  cell  nuc le i  in  t h e  
X O  a n d  X Y Y  m a l e  l a r v a e  of D. mela~ogaster, d i d  n o t  
show a n y  a p p r e c i a b l e  d i f fe rence  to  t h o s e  f rom X Y  n o r m a l  
l a rvae ,  e a c h  h a v i n g  t h e  nuc leo la r  k n o b  a n d  t h e  2 k n o b s  
e m b e d d e d  in  di f fuse  ma te r i a l .  I t  c a n  be  a s s u m e d  t h a t  t h e  
nuc l ea r  s t r u c t u r e s  we h a v e  desc r ibed  do  n o t  co r r e spond  to  
a n y  Y - c h r o m o s o m e  loop. 

A t  p r e s e n t  t h e  op t i ca l  f ea tu re s  of t h e  n u t r i t i v e  cell  
nucle i  in  Drosophila t e s t e s  are  n o t  y e t  clear.  W e  hope  t h a t  
t h e  c y t o c h e m i s t r y  a n d  u l t r a s t r u c t u r a l  ana lys is ,  wh ich  a re  
n o w  in  progress ,  m a y  ex p l a i n  t h e  pecu l ia r i t i e s  of t h i s  
n u c l ea r  o r g a n i z a t i o n  5. 

Resumen. Se descr ibe  en  mic roscop ia  6 p t i c a  u n a  serie de  
e s t r u c t u r a s  ca rac te r i s t i cas  d e n t r o  del  nficleo de  celulas  
n u t r i c i a s  v i v e n t e s  en  tes t fcu los  de va r i a s  especies de 
Drosophila. E s t a s  e s t r u c t u r a s  cons i s t en  en  corpfisculos  
densos,  h o m o g e n e o s  o vacu lados ,  y e n  m a s a s  de m a t e r i a l  
d i fuso  o g ranu la r .  
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Repopulat ion of Thymus ,  Spleen and Bone-Marrow of Irradiated AKR Mice Injected with Normal  
or Irradiated Bone-Marrow Cells 

T h e  in f low of m a r r o w  cells i n to  t h e  b o n e - m a r r o w  a n d  
i n t o  t h e  l y m p h o i d  t i s sues  h a s  b e e n  s t u d i e d  in  mice  b y  se- 
ve ra l  a u t h o r s  u s ing  t r a n s f u s i o n s  of syngene ie  n o r m a l  bone-  
m a r r o w  cells c a r r y i n g  m a r k e r  ch romosomes .  E x p e r i m e n t s  
on  n o n  -1, p a r t - b o d y  2,3 or  w h o l e - b o d y  i r r a d i a t e d  4-s ma le  

CBA  rec ip i en t s  r ece iv ing  C B A - T 6 T 6  n o r m a l  b o n e - m a r r o w  
cells, i n d i c a t e d  t h a t  cells m a y  b e  t r a n s f e r r e d  f r o m  t h e  
m a r r o w  t o  t h e  t h y m u s ,  a l t h o u g h  d iv id ing  d o n o r  cells were  
o b s e r v e d  in  t h e  t h y m u s  a t  a co n s i d e r ab l y  l a t e r  t i m e  t h a n  in  
t h e  o t h e r  t i ssues  s tud ied .  T h e  p r e s e n t  e x p e r i m e n t s  h a v e  been  
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des igned  in o rde r  to  c o m p a r e  t h e  r e p o p u l a t i o n  of i r r a d i a t e d  
A K R / T I A l d  mice  i n j ec t ed  w i t h  i r r a d i a t e d  or  n o r m a l  A K R  
b o n e - m a r r o w  cells a t  s h o r t  t i m e  i n t e r v a l s  a f t e r  t r e a t m e n t .  

Material and methods. 12-week-old A K R  a n d  A K R /  
T 1 A l d  m a l e  mice  were  used  for  t he se  e x p e r i m e n t s .  A K R /  
T I A l d  mice  h a v e  on ly  38 c h r o m o s o m e s :  36 ac rocen t r i c  
c h r o m o s o m e s  a n d  2 m e t a c e n t r i c  ch romosomes* ,  10. The  
inc idence  of l e u k e m i a  is v e r y  h i g h  (90%) in  b o t h  s t r a in s  n.  
T h e  i n b r e d  A K R  a n d  A K R / T I A l d  s t r a in s  are  an t igen i -  
ca l ly  c o m p a t i b l e  as t e s t e d  b y  s u r v i v a l  of rec iproca l  sk in  
g a i t s  a n d  b y  s u r v i v a l  of s u p r a l e t h a l l y  i r r a d i a t e d  mice  
a f t e r  r ec ip roca l  b o n e - m a r r o w  t r ~ m s p l a n t a t i o n  ~2 

I r r a d i a t e d  A K R / T I A l d  mice  were  i n j ec t ed  i.v. w i t h i n  
1 h a f t e r  i r r a d i a t i o n  w i t h  107 b o n e - m a r r o w  cells f rom e i the r  
n o n - i r r a d i a t e d  or  i r r a d i a t e d  A K R  mice.  W h e n  i r r a d i a t e d  
A K R  mice  se rved  as  donor ,  b o n e - m a r r o w  cells were  t a k e n  
i m m e d i a t e l y  a f t e r  i r r ad i a t i on .  All  t h e  A K R ] T I A l d  reci- 
p i e n t s  a n d  t h e  i r r a d i a t e d  A K R  d o n o r s  were  g iven  a whole-  
b o d y  dose  of 650 lR of X - r a y s  (Maxi t ron ,  260 kV, 20 mA,  
H V L  2 m m  Cu, exposu re  r a t e  100 R/ ra in ) .  T he  mice  were 
exposed  in  g roups  of 11 in  p a r t i t i o n e d  luci te  cages. T h e  X-  
r a y  dose was  m e a s u r e d  w i t h  a n  i n t e g r a t i n g  d o s i m e t e r  
(Ph i l ips  37470/100) d u r i n g  e a c h  X - r a y  exposure .  

I r r a d i a t e d  r ec ip i en t s  g iven  n o r m a l  or  i r r a d i a t e d  bone-  
m a r r o w  cells  were  k i l led  6 or  12 d a y s  a f t e r  t r e a t m e n t ,  1 h 
before  sacrif ice t h e y  rece ived  a n  i.p. i n j ec t i on  of 0.5 m l  of 
a 0 .025% so lu t ion  of colchicine.  T h y m u s  a n d  sp leen  or 
t h y m u s  a n d  f emora l  b o n e - m a r r o w  were e x a m i n e d  cytolo-  
gically.  

Results (see T a b l e  I). Non-irradiated A K R  donor cells 
i n j ec t ed  i n t o  i r r a d i a t e d  A K R / T 1 A l d  r ec ip i en t s  a re  ab le  to  
l~r,Miferate a n d  r e p r e s e n t  a large  p e r c e n t a g e  of t h e  t o t a l  cell  
p o p u l a t i o n  in  t h y m u s ,  sp leen  a n d  b o n e - m a r r o w  6 days  
a f t e r  in jec t ion .  I n  b o n e - m a r r o w  a n d  spleen,  t h i s  pe rcen t -  
age r e m a i n s  a b o u t  c o n s t a n t  d u r i n g  t h e  fo l lowing 6 days  
per iod ,  b u t  in  t h y m u s  i t  dec reases  b y  a f a c t o r  of a b o u t  4. 

Irradiated A K R  donor cells, pro l i f e r a t i ng  in a n  i r r a d i a t e d  
r e c i p i e n t  6 days  a f t e r  exposure ,  c o n s t i t u t e  a m u c h  smal le r  
p e r c e n t a g e  of t h e  cell  popu la t i on ,  p a r t i c u l a r l y  in  t h e  bone-  
m a r r o w  a n d  t h e  t h y m u s ,  w h e n  c o m p a r e d  w i t h  non- i r r a -  
d i a t e d  d o n o r  cells. U n d e r  these  cond i t ions ,  cells in m e t a -  
p h a s e  a re  scarce  a n d  t h i s  r e n d e r e d  t h e  scor ing  a t  6 days  
r a t h e r  d i f f icul t .  Neve r the l e s s ,  i t  is e v i d e n t  t h a t  even  
i r r a d i a t e d  d o n o r  cells  c a n  e n t e r  t h e  t h y m u s  a n d  t h e r e  
pro l i fe ra te .  D u r i n g  t h e  s u b s e q u e n t  per iod,  f rom 6 to  12 

days  a f t e r  exposure ,  t he  p e r c e n t a g e  of d o n o r  ceils in  t he  
t h y m u s  decreases  b y  a fac to r  close to  t h a t  o b s e r v e d  w h e n  
n o n - i r r a d i a t e d  d o n o r  cells were g iven.  Meanwhi le ,  t he  
d i s t r i b u t i o n  b e t w e e n  d o n o r  a n d  hos t  cells does  n o t  c h a n g e  
s ign i f i can t ly  in  b o n e - m a r r o w  a n d  spleen.  

Discussion. Observations in bone-marrow and spleen. T h e  
spleen co lony  t e c h n i q u e  XS, 14 h a s  p r o v i d e d  a bas i s  for  a 
q u a n t i t a t i v e  a s s e s s m e n t  of t he  p ro l i fe ra t ive  c a p a c i t y  of 
n o r m a l  a n d  i r r a d i a t e d  b o n e - m a r r o w  s t em cells in  a n  
i r r a d i a t e d  hos t .  I n  t h i s  way,  a dosis  of 95 r a d  a n d  a n  
e x t r a p o l a t i o n  n u m b e r  of 1.5 was obse rved  for  s t e m  cells 
i r r a d i a t e d  in  v ivo .  U n d e r  ou r  e x p e r i m e n t a l  c o n d i t i o n s  
(650R),  t h e  s u r v i v i n g  f r ac t ion  of s t e m  cells c apab l e  of  
f o r m i n g  a co lony  would,  there fore ,  be  in  t he  r a n g e  of 
0.002 to  0.004. A n  e s t i m a t e  of t o t a l  v i ab l e  b o n e - m a r r o w  
cells a n d  of C F U  in  r ec ip i en t  a n d  t r a n s p l a n t  based  on  d a t a  
p u b l i s h e d  in  t h e  l i t e r a t u r e  r ' - l s  is compi l ed  in T a b l e  II). 
W h e n  n o n - i r r a d i a t e d  d o n o r  cells a re  g iven  to  a n  i r r a d i a t e d  
r ec ip i en t  t h e  ra t io ,  d o n o r  t o  hos t  ceils, is in  t h e  o rder  of 
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Table I. Incidence of donor type mitotic cells in recipients AKR/TIAld mice 

Treatment Days Mitotic cells scored 

of the donor after injection Thymus Femoral bone-marrow Spleen 

No. of Total Donor cells No. of Total Donor cells No. of Total Donor cells 
recipients cells recipients cells recipients cells 

0 R 6 18 145 110 9 900 816 9 900 893 
75.9% 90.7% 99.2% 
(68.0-82,5) (88.5-92.5) (98.5-99.7) 

12 18 576 112 9 821 766 9 840 807 
19.4% 93.3% 96.1% 
(16.4-23.0) (91.3-94.9) (94.5-97.2) 

6 18 49 9 9 359 25 9 43 33 
18.4% 7.0% 76.7% 
(8.7-32.0) (4.9-10.8) (61.3-88.2) 

12 15 1088 35 8 439 20 7 310 194 
3.2% 4.6% 62.6% 

(2.4--4.8) (2.8-7.0) (57.4-68.3) 

650 R 

Confidence intervals (P ~ 0.05) are indicated in parenthesis. 
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Table II. Estimated distribution of donor and host CFU for the different experimental treatment 

EXPERIENTIA 27/10 

Treatment Donor Host 

0 R Marrow cells inoculum l0 T 
CFU 12 × 10 ~ 

650 R s Marrow cells inoculum 107 
Surviving CFU 2-5 

Cells in total marrow 4 × 10 s 
CFU in total marrow 50 × 10 ~ 
CFU in circulating pool 110-150 
Surviving CFU in total marrow 100-200 
Surviving endogenous spleen CFU 4-8 
Surviving CFU in circulating pool <0.3 

• Surviving fraction: 0.002-0.004. 

10:1; consequent ly ,  bone -mar row as well  as spleen are  
rap id ly  and  p e r m a n e n t l y  colonized by  the  donor  cells. This  
is in ag reemen t  w i th  previous  observa t ions  b y  o the r  
au thors  ~, s. 

W h e n  cells f rom an i r rad ia ted  donor  are in jec ted  into  an 
i r rad ia ted  recipient ,  the  ra t io  donor  to hos t  cells is in order  
of 1 : 40. Accordingly,  v e r y  few of the  d iv id ing  cells in the  
bone-mar row are of donor  origin. On the  o ther  hand,  the  
p ropor t ion  of ceils f rom donor  origin in the  spleen is larger 
(76%) t h a n  expec ted  f rom Table  I I  (30 to  50%). The  
bone-mar row appears  to be repopula ted  wi th  t he  same 
eff ic iency b y  exogenous  and endogenous cells whereas  t he  
spleen is r epopula ted  wi th  a h igher  eff ic iency b y  exogen-  
ous cells. One must ,  however ,  consider  t h a t  in an  i r rad ia ted  
recipient ,  t he  c i rcula t ing pool  of C F U  is v e r y  smal l  
( <  0.3 CFU) ,  and  t h a t  co lony  seeding f rom hos t  bone- 
mar row would  proceed over  a longer  per iod of t i m e  t h a n  
occurs when  donor  cells are in jec ted  d i rec t ly  in to  the  
blood. 

Observations in thymus. F r o m  exper iments  based on 
morphologica l  observat ions  S, xT,xs, as well  as f rom those 
invo lv ing  in jec ted  bone-mar row cells (with ch romosome 
markers)  ~,~, 8, i t  has  been  assumed t h a t  t he  t h y m u s  of 
sub le tha ly  or  supra le tha ly  i r rad ia ted  animals  repopula tes  
in two  phases.  The  f irs t  phase  (from day  4 to  d a y  12) is 
charac ter ized  by  the  pro l i fe ra t ion  of  su rv iv ing  precursor  
cells in t he  thymus .  The  second and  f inal  phase  s tar ts  2-3 
weeks af ter  ilTzadiation and  features  prol i fera t ion  of smal l  
l ymphocy te s  der ived f rom the  bone-marrow.  

Our  da t a  indicate ,  however ,  t h a t  in jec ted  bone-mar row 
ceils can d i rec t ly  en ter  the  t h y m u s  of A K R / T 1 A l d  mice 
and there  prol i fera te  a t  ear ly  t imes  af ter  exposure  (6 days). 
This  occurs regardless of whe ther  A K R  donors have  been 
prev ious ly  i r rad ia ted  or not.  The  ear ly  per iod  of t h y m u s  
repopula t ion  by  donor  cells is fol lowed by  a second one 
dur ing  which the  propor t ion  of  donor  cells in the  t h y m u s  
decreases. Ev iden t ly ,  t h e  hos t  cells c rowding  ou t  t he  donor  
ceils cannot  come  f rom the  bone -mar row which  a t  th is  
t ime  is a l ready  popula ted  by  cells of donor  origin. Severa l  
exp lana t ions  are  possible for this  observa t ions  b u t  no de- 
f ini te  exp lana t ion  can be proposed since the  cells invo lved  
in regenera t ion  of the  t h y m u s  and the i r  cel lular  pa ramete r s  
are  stil l  insuff icient ly known.  

a) The  donor  cells which  have  been prol i fera t ing  and 
ma tu r ing  in the  t h y m u s  dur ing the  ini t ial  6-day-per iod 

migra te  ou t  f rom the  t h y m u s  a f te rwards .  A more  pr imi-  
t i ve  t y p e  of precursor  cel ls  no t  p resen t  in t he  bone-mar row 
t ransp lan t  b u t  which  surv ives  in t h e  t h y m u s  af te r  i r radia-  
t ion  s tar ts  to d iv ide  and  mature .  Most  l ike ly  t he  l a t t e r  
cells are incapable  of br inging on full  regenera t ion  of the  
gland, since f ina l ly  repopula t ion  of the  t h y m u s  by  cells 
or ig inat ing in bone-mar row takes  over.  Such a pa t t e rn  
would  correspond to  the  biphasic  t y p e  of regenera t ion  
found for t h y m u s  by  cer ta in  au thors  8-17. 

b). The  bone-mar row donor  cells rest  in the  t h y m u s  and 
div ide  more  s lowly t h a n  precursor  cells endogenous to  the  
thymus .  Again  in th is  case, t h y m u s  would  h a v e  to  con ta in  
cell  types  no t  p resent  in t h e  bone-mar row t r ansp lan t  and  
our  results  therefore  suggest  t h a t  t h y m o c y t e s  can  s t em 
f rom 2 d i f ferent  cell  types,  as has  a l ready  been  proposed 7 
I t  should f ina l ly  be po in ted  ou t  t h a t  the  s trains of  mice 
ut i l ized in our  expe r imen t  (AKR,  A K R / T 1 A l d )  d i sp lay  
cer ta in  par t icular i t ies  such as have  been repor ted  wi th  
respect  to  isogenic res taura t ion  in i r rad ia ted  A K R  mice 19 
and leukemogenesis  in A K R / T I A l d  isogeneic radiochi-  
maera"0. 

Rdsumd. L'u t i l i sa t ion  d ' u n e  race de souris (AKR/T1Ald)  
ne  poss6dant  que  38 chromosomes  a permis  de mon t r e r  
clue les cellules de  moel le  que  l 'on  in jec te  A un ind iv idu  
irradi6 repeuplen t  d i r ec t emen t  la  moetle,  le t h y m u s  e t  la  
ra te  du receveur.  Si le donneur  est  irradi6, la  p6n6tra t ion  
des cellules n ' e s t  impor t an t e  que  dans  la ra te  du receveur.  
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Effect  of  M e t a b o l i c  S t r e s s  o n  A c t i v a t i o n  of  G l u t a t h i o n e  R e d u c t a s e  by  F A D  in H u m a n  R e d  Cel l s  

Gluta th ione  reduc tase  (GR) plays  an  i m p o r t a n t  role in 
the  pro tec t ion  of pro te in  in red cells against  oxidat ion.  
Increased  ac t i v i t y  of G R  has been repor ted  in red cells in 
pa t i en t s  wi th  severe  metabo l i c  disorders, e.g., severe cases 
of u remia  1 and of cirrhosis of l iver  2. Increased G R  ac t i v i t y  

has also been observed  in red cells w i th  glucose-6-phos- 
pha t e  dehydrogenase  (G-6-PD) deficiency a The  reason for 
these  increases in G R  a c t i v i t y  is unknown.  

Recen t ly ,  i t  has  been  repor t ed  t h a t  G R  is p resent  in a t  
least  2 forms, t he  ac t ive  form which  is associated wi th  fla- 


