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F o u r t e e n  a d u l t  New Zea land  W h i t e  does (3-5 kg  b o d y  
weight)  were r a n d o m l y  a l loca ted  to e i the r  con t ro l  or 
e x p e r i m e n t a l  groups.  One doe was m a t e d  per  day ;  she 
was t a k e n  to  t he  cage of the  b u c k  and  r e m o v e d  i m m e d i a t e -  
ly a f t e r  copula t ion .  The  t ime  of m a t i n g  was cons idered  
as 0 h of p r egnancy .  The  e x p e r i m e n t a l  g roup  was t r e a t e d  
da i ly  w i t h  t h a l i d o m i d e  ( a -ph tha l imido  g lu ta r imide)  in a 
dose of e i the r  150, 200 or 250 m g / k g  f rom t he  8th  to 12th  
d a y  inclusive.  I m m e d i a t e l y  before  a d m i n i s t r a t i o n ,  t he  
d rug  was suspended  in 10 ml  0.5% c a r o b x y m e t h y l  cel- 
lulose a n d  5% glucose b y  v igorous  a g i t a t i o n  for 1-3 min  
a t  r oom t e m p e r a t u r e  and  g iven  b y  gavage.  Cont ro l  
an ima l s  were g iven  10 ml  of t he  suspend ing  m e d i u m  on 
t he  co r r e spond ing  days  of ges ta t ion .  

An ima l s  were ki l led on  d a y  13, 15, 17 and  21. E a c h  doe 
was a n a e s t h e t i z e d  w i t h  i.v. sod ium p e n t o b a r b i t a l ,  t he  
a b d o m e n  opened  a n d  t he  foetuses  a n d  m e m b r a n e s  expos-  
ed in u tero .  The  n u m b e r s  of v iable ,  dead  a n d  reso rbed  
foetuses  were recorded.  F r o m  each  foetus  in  tu rn ,  t he  
m e m b r a n e s  were r e m o v e d  a n d  K a r n o v s k y ' s  c o m b i n e d  
a ldehyde  f ixa t ive  in jec ted  in to  the  s u b d u r a t  space a t  t he  
base  of t he  skull.  The  cerv ica l  v e r t e b r a l  co lumn  inc lud ing  
the  i n t a c t  sp ina l  cord  a n d  ganglia ,  were excized w i t h o u t  
de l ay  a n d  a g i t a t e d  in K a r n o v s k y ' s  so lu t ion  o v e r n i g h t  a t  
4~ The  dorsa l  roo t  gang l ia  a t  t he  level  of C6 and  C7 
were t h e n  dissected a w a y  f rom t he  v e r t e b r a l  co lumn  and  
sp ina l  cord  and  t r a n s f e r r e d  to 0.1 M cacody la t e  buffer  
p H  7.4. The  gangl ia  were pos t - f ixed  in 2% o s m i u m  t e t rox -  
ide for 1 h and  t h e n  e m b e d d e d  in Spur r ' s  epoxy  resin.  
Sect ions  were cu t  w i t h  a L K B  u l t r a m i c r o t o m e ,  s t a ined  
w i t h  u r a n y l  a ce t a t e  a n d  lead c i t r a t e  and  e x a m i n e d  w i t h  
a Ph i l ips  300 e lec t ron  microscope.  

Six  con t ro l  does p roduced  a t o t a l  of 49 v iab le  foetuses  
of which  none  were de fo rmed  b u t  t he re  were 5 resorpt ions .  
3 does t r e a t e d  w i t h  150 m g / k g  t h a l i d o m i d e  p roduced  9 

resorp t ions  a n d  15 foetuses,  of wh ich  6 were mal fo rmed .  
3 does t r e a t e d  w i t h  200 m g / k g  p roduced  6 resorp t ions  
and  17 foetuses,  of wh ich  9 were deformed.  2 does t r e a t e d  
w i t h  250 m g / k g  p roduced  5 resorp t ions  a n d  12 foetuses,  
one of which  was dead  and  6 were mal formed.  

U l t r a s t r u c t u r a l  changes  were found  in axons ,  S c h w a n n  
a n d  sa te l l i te  cells as well  as gangl ion  cells of cervical  
pos te r io r  roo t  gangl ia  in 15-, 17- a n d  21-day-old foetuses 
exposed to  t h a l i d o m i d e  wh ich  exh ib i t ed  m a r k e d  r educ t ion  
deformi t ies  of t he  r e l e v a n t  de rma tomes ,  as well  as in 
13-day-old foetuses  f rom t r e a t e d  does. A b n o r m a l i t i e s  of 
axons  were t he  c o m m o n e s t  lesions wh ich  inc luded  loss 
of mic ro f i l amen t s  a n d  degene ra t i on  of mic ro tubu les ,  
t o g e t h e r  w i t h  v a c u o l a t i o n  and  d i s tens ion  of m i t o c h o n d r i a  
(Figure 1). More severe ly  d a m a g e d  axons  were r ep re sen t ed  
b y  i r regula r  whor ls  of l amina t ed ,  e lec t ron  dense  conf igura-  
t i ons  or 'mye l in  figures ' ,  m a n y  of wh ich  were re la ted  to 
e i the r  the  cy top l a sms  of S c h w a n n  cells or to  i m m e d i a t e l y  
a d j a c e n t  axons  (Figure 2). Gangl ion  ceils exh ib i t ed  on ly  
mino r  abnormal i t i e s ,  compr iz ing  an  overal I  increase  in 
n u m b e r  of m i t o c h o n d r i a  a n d  free r ibosomes,  b u t  w i t h o u t  
c o n c o m i t a n t  increase  in endop lasmic  re t i cu lum.  The  
nuc lea r  envelopes  of gangl ion  cells a t  13 days  and  to a 
s ign i f i can t ly  and  progress ive ly  lesser e x t e n t  in 15-, 17- 
and  21-day-old foetuses  were i r regu la r ly  inden ted .  

U l t r a s t r u c t u r a l  changes  are the re fore  p r e sen t  in  rele- 
v a n t  cervical  pos te r ior  roo t  gangl ia  a t  13 days,  i.e., 
p reced ing  t he  a p p e a r a n c e  of t h a l i d o m i d e - i n d u c e d  fore 
l imb  m a l f o r m a t i o n s  a n d  s u b s e q u e n t l y  w i t h  increas ing  
f r equency  and  c o n c o m i t a n t  w i t h  progress ive  ma ldeve lop-  
merit .  I t  is the re fore  l ikely t h a t  these  changes  r ep re sen t  
t he  p r i m a r y  lesion evoked  b y  t h a l i d o m i d e  and  are no t  
s econda ry  a t roph ic  neu ra l  changes  r e s u l t a n t  f rom deformi-  
t y  of t he  pe r iphe ra l  segments .  

Pseudomonas aeruginosa Causes Epidemic Disease in the Milkweed Bug, Oncopeltus fasciatus 
Dallas (Insecta, Heteroptera) 
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Summary. Pseudomonas aeruginosa was recognized as the  causa t ive  o rgan i sm of an  ep idemic  disease occur r ing  in a 
l a b o r a t o r y  b reed  of Oncopeltus/asciatuss The  infec t ion  p r o b a b l y  occurs  perora l  and  is f avoured  b y  h igh  t e m p e r a t u r e  
a n d  h u m i d i t y .  Pseudomonas aeruginosa des t roys  t he  fa t  b o d y  of t he  bug.  

Oncopellus /asciatus has  become  a wide ly  used labo-  
r a t o r y  a n i m a l  ~. There fo re  t he  occurence  of a severe  
ep idemic  disease,  as obse rved  in t h i s  a n d  o the r  l abora -  
tories ,  seems of in te res t .  T h e  illness b reaks  ou t  r a t h e r  
s u d d e n l y  a n d  u n p r e d i c t a b l y  a f fec t ing  a l m o s t  exclus ive ly  
an ima l s  of t h e  5 th  (last) l a rva l  ins tar ,  n e v e r  imagines .  I f  
t he  sickness appea r s  in  a cu l tu re  jar ,  w i t h i n  1 to  3 clays 
a lmos t  all bugs  of t h e  5th  a n d -  to  a lesser d e g r e e -  
4 th  l a rva l  s tage  are killed. Dead  bugs  h a v e  d a r k  b lue  
to b l a c k  swollen a b d o m e n s  and  sp read  a cha rac t e r i s t i c  
u n p l e a s a n t  odor,  wh ich  r e m i n d s  one of t r i m e t h y l a m i n e .  
F i r s t  s igns of t h e  i l lness are  h a r d  to  diagnose,  since d a r k  
gu t  c o n t e n t  sh in ing  t h r o u g h  t he  cut ic le  can  be  m i s t a k e n  
w i t h  t he  onse t  of t h e  pa tho log ica l  a b d o m e n  darken ing .  
If  t he  s y m p t o m s ,  i .e. d i sco lora t ion  of e x t e n d e d  b o d y  
areas and  pa ra l i za t ion ,  are c lear ly  recognizable ,  t he  
a n i m a l  per ishes  n o r m a l l y  w i t h i n  24 h ;  r ecovery  was 
neve r  observed .  

L i g h t  and  e lec t ron  microscopic  s tudies  on spec imens  
f rom i n d e p e n d e n t l y  diseased popu la t i ons  revea led  t h a t  
bac t e r i a  were p r e s e n t  in  t h e  hemocoel ,  t oge the r  w i t h  
t issue debris ,  and  ex t ra -  and  in t r ace l lu l a r ly  in  t he  f a t  
body ,  obv ious ly  dissolving i t  (Figure 1). O t h e r  t i ssues  
seemed  i n t a c t  a n d  n e v e r  i n v a d e d  b y  bac te r i a .  In  severa l  
expe r imen t s ,  a t  leas t  5 d i f fe rent  s t r a ins  of b a c t e r i a  (Pl 3, 
P1 4, P1 5, P l  11, P1 1/12) were isolated.  I t  is h igh ly  
p r o b a b l e  t h a t  t he  m a j o r i t y  of t he  s t r a ins  is de r ived  f rom 
gu t  contentS ,  for despi te  careful  p r e p a r a t i o n  of t he  f a t  
b o d y  a d a m a g e  of the  gu t  could no t  a lways  be  avoided.  
To e s t ab l i sh  t h e  disease caus ing  bac t e r ium,  y o u n g  5 th  
l a rva l  i n s t a r s  were p u n c t u r e d  w i t h  a needle  c o n t a m i n a t e d  

1 For her interest and discussion I thank Dr. G. HAUSNER. Miss I. 
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w i t h  t h e  t e s t i ng  cu l tu re  (P1 3, PI  4 etc.). The  m o r t a l i t y  in 
e x p e r i m e n t s  w i t h  Pl  3, Pl  4, P t  5 a n d  P1 11 was n o t  
s ign i f i can t ly  h igher  t h a n  in cont ro l s  ( to ta l ly  u n t r e a t e d  
or p u n c t u r e d  w i t h  a steri le needle).  P1 1/12, in con t ras t ,  
caused  d e a t h  of al l  t r e a t e d  specimen,  n o t  l a t e r  t h a n  4 
days  a f te r  punc tu r i ng ,  b u t  m o s t l y  w i t h i n  24 h. The  la rvae  
vacc ina t ed  w i t h  PI  1/12 - and  on ly  these  - offer t h e  same  
s y m p t o m s  as s p o n t a n e o u s l y  diseased animals .  E l ec t ron  
microscopic p r e p a r a t i o n s  revea l  t he  same pa tho log ica l  
p ic ture  as shown  in F igure  1. Also t he  f ine s t r u c t u r e  of 
agar  cu l tu res  of P1 1/12 appea r s  to  be iden t ica l  w i t h  t h a t  
of bac t e r i a  found  in s p o n t a n e o u s l y  sick bugs  (Figure 2). 

Fig. L Part of fat body from a spontaneously diseased bug. Rem- 
nants of destroyed tissue between the bacteria. • 4,000. 

Based  on these  results ,  an d  t h e  facts  t h a t  P l  1/12 was n o t  
i sola ted an d  mic roo rgan i sms  were n e v e r  found  in t i s sue  
f rom h e a l t h y  bugs,  P l  1/12 is cons idered  to be t h e  caus-  
a t ive  o rgan i sm of t h e  ep idemic  disease in mi lkweed  bugs.  

P1 1/12 grew well in  all  used  m e d i a  ( S t a n d a r d  I-, a n d  
S t a n d a r d  I I -N ~h rag a r ,  a n d  Sabouraud -Glucose -Aga r  
f rom Merck, D a r m s t a d t )  b u t  was  c u l t i v a t e d  m a i n l y  on  
S t a n d a r d  I. Newly  inocu la ted  cu l tu res  m a i n t a i n e d  a t  
room t e m p e r a t u r e  re leased a f t e r  2 to  4 days  a pale blue, 
b luegreen  dye  in to  t h e  subs t ra t e ,  wh ich  soon t u r n e d  
brown.  A smel l  was  no t iced  v e r y  s imi la r  to  t h a t  of ill 
bugs.  I n  t h e  I n s t i t u t  fiir Medizinische Mikrobiologie  4, 
Pl  1/12 was ident i f ied  as Pseudomonas aeruginosa. 

T h e  p a t h o g e n i t y  of P1 1/12 was  c o m p a r e d  w i t h  t h a t  of 
a l a b o r a t o r y  s t r a in  (A 24) of P. aeruginosa 5 in  respec t  to  
d i f fe rent  d e v e l o p m e n t a l  s tages  of Oncopeltus an d  to  t h e  
guinea-pig.  L a r v a e  of t h e  3rd, 4th ,  (early an d  late) 5 th  
i n s t a r  an d  young  (less t h a n  4 days) a n d  older  (more t h a n  
30 days) adu l t s  were p u n c t u r e d  w i t h  Pl  1/12. All  t e s t  
an ima l s  d ied  w i t h i n  4 days  a f t e r  t r e a t m e n t ,  excep t  old 
imagines ,  of wh ich  10% su rv ived  d a y  4 a n d  2% d a y  10. 
Thus  i t  seems t h a t  i m m u n i t y  can  be  ga ined  a f t e r  a d u l t  
ecdysis,  w h i c h  would  exp la in  t h a t  t h e  disease does n o t  
n o r m a l l y  affect  bugs  of th i s  stage.  I m m u n i t y  ag a i n s t  
P.  aeruginosct was r epo r t ed  in o the r  insec ts  6. A 24 t e s t ed  
on 5th  l a rva l  i n s t a r s  showed  a decreased  p a t h o g e n i t y  in  
compar i son  to  Pl  1/12: 10% su rv ived  a n d  m o u l t e d  to  
adul ts .  W h e r e a s  a s.c. i n j ec t ion  of A 24 in R inge r ' s  solu- 
t ion  in guinea-pigs  was fol lowed b y  a no t i cab le  r eac t ion  
( locomotor  a c t i v i t y  was lowered a n d  ea t ing  ceased for 
2 days) ,  in jec t ions  of P l  1/12, a n d  e x t r a c t s  of diseased 
an d  h e a l t h y  bugs  h a d  no vis ible  impac t .  I n  conclusion,  
P. aeruginosa i sola ted f rom sick mi lkweed  bugs  shows 
increased  p a t h o g e n i t y  in t h e  insec t  Oncopeltus an d  a 
decreased p a t h o g e n i t y  in  t h e  gu inea-p ig  in compar i son  
to t h e  l a b o r a t o r y  s t r a in  A 24. 

In  a n u m b e r  of insects  P. aeruginosa was de t ec t ed  in 
g u t  c o n t e n t  or feces, an d  h a d  caused  no defects  a, 8, 7. B u t  
w h e n  t h e  b a c t e r i u m  was in jec ted  in to  t h e  hemocoel ,  t he  
t e s t  an ima l s  d ied  wi th in  48 h, even  if v e r y  low doses were 
given.  "Whereas some species showed no r eac t ion  a f te r  
pe rora l  in fec t ion ,  o the r s  d ied  w i t h i n  7 to  21 days  a f t e r  
feeding s. The  occurrence  of a s p o n t a n e o u s  l a b o r a t o r y  
ep idemic  caused  b y  P .  aeruginosa is on ly  r epo r t ed  f rom 
Schistocerca gregaria, where  t h e  b a c t e r i u m  was i so la ted  
f rom t h e  b o d y  f luid s. B u t  l a t e r  i t  was found  t h a t  P .  
aeruginosa was a s econda ry  i n v a d e r  to  t h e  in fe s t a t ion  of 
t h e  fungus,  Aspergillus /lavus 9. I n  order  to  d iscover  t h e  
fac tors  l ead ing  to  t h e  m a n i f e s t a t i o n  of t h e  disease, a n d  
t h e  mode  of i ts  t r a n s m i s s i o n  in a p o p u l a t i o n  of Oncopeltus, 
a series of e x p e r i m e n t s  was car r ied  out .  

Food,  s t rong ly  a n d  r e p e a t e d l y  c o n t a m i n a t e d  w i t h  
P1 1/12 an d  k e p t  mois t ,  was  suppl ied  to imag ines  a n d  
la rvae  of all s tages.  T h e  t e s t  an ima l s  were k e p t  t i l l  all  
i nd iv idua l s  h a d  r eached  a d u l t  s tage,  or were dead.  
W h e r e a s  exposed adu l t s  a n d  l a rvae  of l a te  l as t  i n s t a r  
showed  no s ign i f i can t ly  increased  d e a t h  r a t e  in  compar i -  
son to  controls ,  in  al l  o t h e r  t e s t s  m o r t a I i t y  was  a b o u t  

Fig. 2. Pseudomonas aeruginosa isolated from sick bugs and cultivat- 
ed on agar culture medium. • 6,000. 

4 I wish to express my appreciation to Prof. Dr. M. Loos, Institut 
ftir Medizinische Mikrobiologie, Univcrsitgtt Mainz, for his help. 

5 Friendly supplied by Prof. Dr. B. HACClUS, Institut ftir'Spezielle 
Botanik, Universit~t Mainz. 
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25% above  normal  (10 to  20%) wi th in  10 days.  Never-  
theless,  the  induced sickness had  no t  the  charac ter i s t ics  
of an epidemic  disease, for the  d e a t h  ra te  in the  experi-  
men t s  was r a the r  cons t an t  till imaginal  moult .  A sudden  
increase of mor t a l i t y  (as was expec ted  a f te r  reaching 
las t  larval  stage) was  no t  observed.  Thus  one or several  
addi t iona l  factors  m u s t  be of influence. 

I t  is known  t h a t  mucin  increases the  p a t h o g e n i t y  of 
P. aeruginosa 6. The r61e of Aspergillus /lavus in the  
epidemic  of Schistocerca was a l ready  ment ioned .  For  the  
disease in Oncopeltus /asciatus previous ly  descr ibed by  
BEARD 1~ a myco tox in  f rom Aspergillus /lavus vat. co- 
lumnaris was made  responsible  n , ~ .  Fung i  f r equen t ly  
grow on the  no rma l  food (sunflower seeds), b u t  normal ly  
t he  bugs  do no t  seem to mind  it. Never the less  t he  in- 
f luence of Aspergillus/lavus (D2) ~ was tes ted.  Sunflower 
seeds on an agar  cut ture  of D2, and  seeds on which  D2 was 
ac tua l ly  cu l t iva ted ,  were given as nu t r i t i on  to  3rd, 4 th  
and  5th larval  instars .  The resul ts  showed t h a t  in no 
case had  D2 a s ignif icant  impac t  on larvae. Also when  
the  food was addi t iona l ly  c o n t a m i n a t e d  wi th  P1 1/12, no 
synergis t ic  effect  of D2 was observed.  This, of course, 
does no t  exclude  t h a t  a difference s t ra in  or ano the r  fungus  
m a y  faci l i tate  ~che man i fes t a t ion  of the  epidemic.  

The illness occurred mos t  f r equen t ly  w h e n h u m i d i t y  
and breeding  t e m p e r a t u r e  were high (30~ Larvae  of 
4 th  and 5th s tage and  imagines  reared under  these  con- 
di t ions received wi th  P l  1/12 c o n t a m i n a t e d  food. In  all 
cases 90% of the  t e s t  animals  died wi th in  2 weeks,  t he  

ma jo r i t y  be tween  day  5 and 10. The sick and  dead  bugs  
showed the  s y m p t o m s  of spon taneous ly  diseased popula-  
t ions.  The incuba t ion  per iod seems to be abou t  I week. 
This  is also suppor t ed  by  the  observa t ion  t h a t  cul ture  
jars wi th  h ea l t h y  larvae which  are b ro u g h t  in to  an in- 
cuba to r  wi th  expe r imen ta l ly  diseased popula t ions ,  are 
invaded  b y  the  bac t e r ium af ter  abou t  10 days.  Imagines  
are obviously  suscept ible  to the  b a c t e r i u m  b u t  have  
p ro b ab l y  bui l t  up some i m m u n i t y  (see above),  which  m a y  
p ro tec t  t h e m  under  normal  condi t ions ,  where  t h e y  would  
ha rd ly  come in con tac t  w i th  as m u c h  Bacteria as in t he  
exper iment .  

Thus  a t  least  th ree  factors  are responsible  for the  
man i fes t a t ion  of t he  epidemic  disease:  The presence  of 
P. aeruginosa, high t e m p e r a t u r e  (opt imal  t e m p e r a t u r e  
for deve lopmen t  of P. aeruginosa is 37~ and  h igh  
h u m i d i t y  (probably  necessary  for the  bac t e r i um to sur- 
vive 6). I t  is assumed t h a t  the  disease spreads  b y  peroral  
infection,  while feeding on c o n t a m i n a t e d  seeds. Since 
canniba l i sm is no t  seldom, especial ly when  s tarving,  th is  
could also be of impor tance  for t ransmiss ion .  The bac-  
t e r ium appa ren t l y  does no t  d a m a g e  the  gut  epi the l  while 
pass ing t h ro u g h  the  hemocoel.  D e a t h  is obv ious ly  caused 
by  des t ruc t ion  of the  fa t  body.  

lo R. L. BEARD, J. econ. Entom. 52, 177 (1959). 
11 R. L. BEARD, J. Invert. Path. 70, 438 (1968). 
lz R. L. BEARD and G. S. WALTON, J. Invert. Path. 74, 53 (1969). 
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Summary. The incorpora t ion  of leucine-z4C into  p ro te in  in bovine  mesente r ic  ar ter ies  was  a n g m e n t e d  by  cyclic GMP 
(10 -3 M) and  decreased by  cyclic A M P  (10 -a M).  There  was no effect  of 5 ' A M P  (10 -a M). The  phosphodies te rase  in- 
h ib i t ing  drugs theophyl l ine  (10 a M) and  papaver ine  (5 • 10 -5 g/ml) b o t h  decreased the  leucine-*4C incorporat ion.  

In  a therosclerot ic  aor tas  of pigs, t he  synthes is  of pro-  
te ins  has  been repor ted  to be increased 2, a. There  was a 
reduc t ion  of the  cyclic A M P  and  an e levat ion of the  cyclic 
GMP level in a therosclerot ic  pieces of the  muscle in com- 
par i son  wi th  no rma l  pa r t s  of the  vessel  K There  are repor t s  
t h a t  cyclic A M P  inhib i ted  the  prol i fera t ion of myogenic  
cells in t issue culture% whereas  cyclic GMP was found to 
s t imula te  the  in v i t ro  synthes is  of thyro ida l  p ro te ins  5. 
Considering these  observat ions ,  we t h o u g h t  i t  of in te res t  

1 We are indebted to Mrs. LENA BURLIN for her assistance. Financial 
support has been provided by the Swedish State Medical Research 
Council (No. 04X-101; 04X-4498). 

2 D. N. KI~, K. T. L~E and W. A. THOMAS, Expl molec. Path. 8, 
263 (1968). 
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4 j.  p. WAHRMAN, R. WIXAND and B. L~:zzAwb Nature New Biol. 
245, 112 (1973). 

a PH. NAYER, Biochimie 55, 1507 (1973). 

Table I. Influence of some drugs on 14C-leucine incorporation in bovine mesenterie arteries 

Control Drug Difference 

Cyclic AMP (1 • 10 -a M) (n = 6) 
Cyclic AMP (5 • 10 4 M) (n = 6) 
Cyclic AMP (l • 10 4M) (n = 4) 
5'AMP (1 • 10 -a M) (n = 6) 
Theophylline (1 • 10 -a M) (n = 10) 
Cyclic AMP (5 • 10 4 M) (n = 6) q- theophylline (1 • 10 a M) 
Papaverine (5 • 10 -a g/ml) (n = 7) 
Cyclic AMP (5 • 10 .4 M) + papaverine (5 • 10 -~ g/ml) (n = 7) 
Cyclic GMP (1 • 10 -a M) (n = 6) 
Cyclic GMP (1 • 10 -a M) (n = 6) 

0.257 4- 0.015 0.123 4- 0.015 -- 0.135 q- 0.019o 
0.174 4- 0.020 0.131 4- 0.010 -- 0.042 -4- 0.010 b 
0.202 4- 0.029 0.227 ~_ 0.048 0.025 4- 0.019 
0.239 4- 0.035 0.235 4- 0.019 0.004 -4- 0.015 
0.212 4- 0.014 0.168 4- 0.014 -- 0.044 4- 0.012 b 
0.218 4- 0.015 0.t89 4- 0.018 -- 0.029 4- 0.017 
0.174 4- 0.020 0.074 4- 0.012 -- 0.100 4- 0.016 ~ 
0.174 4- 0.020 0.053 4- 0.012 -- 0.121 4- 0.012 ~ 
0.204 4- 0.027 0.244 4- 0.028 0.040 4- 0.010 b 
0.197 4- 0.022 0.210 i 0.033 0.013 4- 0.023 

Incorporation in ~tmo]e/g protein/180 min. Significance of the effects is denoted ap ~ 0.05; bp ~ 0.01; cp ~ 0.001. 


