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t i n g u e r  les prot6~neg p h o t o - i n d u i t e s  responsab les  de la 
caro t6nogen~se  de celles, aussi  pho to - indu i t e s ,  ma i s  a y a n t  
des  fonc t ions  au t r e s  (pho tomorphogen6se)  que  celles 
associ6es/~ la p i g m e n t a t i o n  ~3. Q u a n t  aux  diff6rences dans  
la  v i tesse  de m i g r a t i o n  en t re  que lques -unes  des pro t6 ines  
de  la souche  a lb inos  (46-11-68) et  celles de la souche j a u n e  
(Y305304),  elles son t  p r o b a b l e m e n t  l ' express ion  de la 
d ive rs i t6  de leur  a p p a r e n t e m e n t  g6n6 t ique l~  

Des exper iences  immuno61ec t rophor6 t iques  pr61imi- 
na i res  on t  6t6 t en t6es  mais ,  j u s qu ' ~  m a i n t e n a n t ,  il n ' a  15as 
~t6 possible  de d6celer des diff6rences d ' a rcs  en t re  ex t r a i t s  
p ro t6 in iques  de cu l tu res  indu i t e s  e t  non- indu i tes .  Cela 
p e u t  ref l6ter  soi t  l ' i ncapac i t~  des enzymes  carot6nog~nes  

p r o v o q u e r  une  r @ o n s e  immuno log ique ,  soi t  l ' ex i s tence  
d ' u n e  diff6rence q u a n t i t a t i v e ,  non  d6celable p a r  les 
m o y e n s  couran t s ,  en t re  la q u a n t i t ~  de p ro t6 ine  carot6no-  
gSne syn th6 t i s6e  c o n s t i t u t i v e m e n t ,  5, l 'obscur i t6 ,  e t  celle 
pho to - indu i t e .  

La  diff6rence en t r e  e x t r a i t s  p ro t6 in iques  des cul tures  
i ndu i t e s  et  non - indu i t e s  est  en  bon  accord  avec  les r6sul- 
t a t s  des 6 tudes  f a i s an t  usage d ' i n h i b i t e u r s  de la syn th~se  
des pro t6 ines  associ6e ~ la carot6nogen~se  2,8. B ien  que  nos  
r6su l t a t s  s ' a c c o r d e n t  avec  les 6 tudes  an t6 r ieures  f a i s an t  
usage  des m 6 t h o d e s  g6n6t iques  ~ h a u t e  r 6 s o l u t i o n ~  et  
l ' 6 tude  p a r  c o m p l ~ m e n t a t i o n  ~, l ' i n f o r m a t i o n  est  encore  
insuf f i sante ,  ~ l ' excep t ion  de celle c o n c e r n a n t  la bio-  
syn th6se  de la n e u r o s p o r a x a n t h i n e ,  pou r  a f f i rmer  que  la 
caro t6nogen~se  se pou r su i t  X l ' a ide  du  p r o d u i t  d ' u n  seul 
g r o u p e m e n t  g6nique.  On p e u t  c e p e n d a n t  p r6 sumer  que  
ce t t e  p ro t6 ine  seule est  un  aggrgga t  car  au  moins  2, voire  
4 c is t rons,  on t  6t6 g 6 n 6 t i q u e m e n t  associ6s avec  les pro-  
du i t s  g6niques  de la r6gion al  L a  p r6d ic t ion  m i n i m a  est  
celle de deux  ac t iv i t6s  e n z y m a t i q u e s :  les d6shydrog6na-  
t ions  po ly6niques  successives et  la f o r m a t i o n  du  cycle fl- 
ionone,  ce t t e  derniSre 6 tan t ,  chez d ' a u t r e s  o rgan i smes  au  
moins,  ca ta lys6e  e n z y m a t i q u e m e u t  ~. 

L ' i n t e r p r 6 t a t i o n  donn6e  ci-dessus est  aussi  en accord  
avec  les ana lyses  b ioch imiques  des pools in t e rm6dia i re s  de 
ca ro t6noides  ~s-~, i n d i q u a n t  que  que lques  m u t a n t s  de la 
r6gion a lb inos  son t  capab les  de s y n t h 6 t i s e r  une  s6rie de 
caro t6noides  success ivemen t  d6shydrog6n6s,  k l ' exc lus ion  
de compos6s  c o n t e n a n t  la  fl-ionone (34508 ou ALS-22-  
$82) e t  que  d ' a u t r e s  souches  p e u v e n t  p rodu i re  la fi-ionone 
ma i s  de pe t i t e s  q u a n t i t 6 s  s eu l emen t  des caro t6noides  

h a u t e m e n t  d6shydrog6n6s  (ylo-b, RES-25-44s) .  Ainsi,  une  
dua l i t6  fonc t ionne l le  es t  sugg6r6e pou r  le p r o d u i t  des 
gSnes, /~ savo i r  la d6shyd rog6na t i on  et  la f o r m a t i o n  du  
cycle fl-ionone 2~. 

Summary. I n  an  effor t  to  d e t e r m i n e  t he  n u m b e r  of pro-  
te ins  respons ib le  for t h e  syn thes i s  of t he  n e u t r a l  caro-  
t eno ids  in  N. crassal t h e  soluble  p ro t e in  ex t r ac t s  f rom 
l igh t - induced  a n d  da rk -g rown  cu l tu res  of a neu rospo rax -  
an th in l e s s  s t r a i n  were c o m p a r e d  e lec t rophore t iea l ly .  The  
differences  r e l e v a n t  to  t he  ca ro tenogen ic  p ro te ins  were 
ident i f ied  b y  reference  to a n  a lb ino  p o l a r i t y  m u t a n t .  A 
single, e l ec t rophore t i ca l ly  de t e rminab le ,  p ro t e in  was 
found  to be specific to  caro tenogenes is .  This  i m p l i c a t i o n  
of a single (p re sumab ly  a n  e n z y m e  aggregate)  p ro t e in  con-  
t ro l l ing  ca ro teno id  syn thes i s  is d iscussed a n d  cor re la ted  
to t he  ex is t ing  genetic,  c o m p l e m e n t a t i o n  and  b iochemica l  
evidence.  
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The Relationship between Urinary Excretion of 17-Hydroxycorticosteroids and Glycosaminoglycans 

I n  1955 we not iced  t h a t  t he  i.v. a d m i n i s t r a t i o n  of 
c o m p o u n d  F was followed b y  an  increased  u r i n a r y  excre- 
t ion  of g lycosaminog lycans  (GAG)I.  I n  19607 GHATA et  
al. ~ d e m o n s t r a t e d  in n o r m a l  i nd iv idua l s  a synchron ized  
p a t t e r n  of excre t ion  of u r i n a r y  G A G  a n d  17-hydroxy-  
cor t icos tero ids  (17-OH-CS). T he  same  a u t h o r s  2 found  
t h a t  in  p a t i e n t s  w i t h  Add i son ' s  disease t he  u r i n a r y  
17-OH-CS (bu t  n o t  t he  GAG) were decreased;  b o t h  
pa rame te r s ,  however ,  h a d  lost  t h e i r  no rmal ,  r h y t h m i c  
exc re t ion  p a t t e r n .  Moreovera~ t h e y  conf i rmed  t h a t  ad-  
m i n i s t r a t i o n  of A C T H  and  cor t i sone  p roduced  a n  im- 
m e d i a t e  increase  of u r i n a r y  GAG. These  d a t a  were in te r -  
p re t ed  as i nd i ca t i ve  of a process  of s t e ro id - induced  
depo lymer i za t i on  of t he  g round  subs tance ,  w i t h  increased 
b lood levels a n d  u r i n a r y  excre t ion  of G A G  3. 

However ,  t he  sho r t  i n t e rva l  of t i m e  wh ich  sepa ra tes  
ad rena l  s t i m u l a t i o n  (or a d m i n i s t r a t i o n  of ad r ena l  ste- 
roids) a n d  exc re t ion  of G A G  c a n n o t  be  reconci led w i t h  a 
me tabo l i c  ac t ion  on  connec t ive  t i s sue .  I n  fact ,  experi-  

m e n t a l  cond i t ions  k n o w n  to cause  d e g r a d a t i o n  of p ro teo-  
gIycans  ( a d m i n i s t r a t i o n  of papa in ,  large doses of v i t -  
a m i n  A) requi re  a t  leas t  24 h to p roduce  a n  increase  in 
b lood levels a n d  u r i n a r y  exc re t ion  of G A G  4, 5. 

Recen t ly ,  we h a v e  s tud ied  t h e  co r re l a t ion  be tween  
u r i n a r y  excre t ion  of 17-OH-CS and  G A G  in 2 young,  
h e a l t h y  men,  m e m b e r s  of a 3 -man  crew p a r t i c i p a t i n g  in 
2 s i m u l a t e d  Apollo l u n a r  f l ights .  
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Materials  and methods. The expe r imen t s  were per-  
formed using a s imula tor  of t he  Apollo capsule, kep t  a t  
cons t an t  t e m p e r a t u r e  and h u m i d i t y  and at  a f ixed noise 
level. The subjects  employed  pe r fo rmed  an initial  14-day 
control  f l ight  to  become accus tomed  to t he  rout ine.  
Dur ing  the  first  flight, t h e y  per fo rmed  s imul taneous ly  
a large number  of mechanica l  and psychological  tasks ;  
t h e y  ate  the i r  meals, pe r fo rmed  physical  exercises and 
slept  (approximate ly  8 h/day)  a t  t he  same t ime.  Dur ing  
the  second flight, the i r  act ivi t ies  were comple te ly  dis- 
sociated ; each m e m b e r  had  to per form cont inuous  physical  
and psychological  tasks  devo t ing  only shor t  and irregu- 
larly spaced periods of t ime  to  eat ing and rest ing.  Ur ine  
was collected as soon as spon taneous ly  voided  by  each 
crew m ember ;  t he  volume and  t ime  of emission were 
noted,  and the  samples  were immed ia t e ly  frozen w i t h o u t  
addi t ion  of preservat ive .  Ur ina ry  GAG were measured  
wi th  a ch romatograph ic  m e t h o d  recent ly  descr ibed ~ and 
the  17-OH-CS wi th  the  m e t h o d  of GLENN and  NELSON ~ 
af ter  hydrolys is  of a urine a l iquot  wi th  fl-glucuronidase. 
Values were expressed respect ive ly  as mg hexuronic  acid 
and mg of 17-OH-CS/volume of each urine sample.  
Creat inine was measured  wi th  the  m e t h o d  of FOLIN and 
W u  s. Autocorre la t ion  and  cross-correlat ion analysis  was 

used to s tudy  the  re la t ionship  be tween  the  2 variables.  
To th is  ex ten t ,  each day  of f l ight  was d iv ided  into 6 
periods of 4 h each. The weighed average value (~2 S.D.) 
of excre t ion  of each var iable  was calculated f rom t h e  
values ob ta ined  in the  same 4-h per iod t h r o u g h o u t  t h e  
14-day flight. 

Results  and discussion. Tile concen t ra t ion  of GAG and  
17-OH-CS in each urine sample  is ex t remely  var iable  
(Figures 1 and 2). However ,  the  excret ion of GAG is 
r emarkab ly  co n s t an t  for t he  ent i re  per iod of tile experi-  
ment ,  when  expressed as mg hexuronic  acid/g crea t in ine  
and p lo t t ed  as dai ly excre t ion  (Figures 1 and 2, inserts) .  

Table I conta ins  the  weighed average values ~= S.D. 
of GAG and 17-OH-CS excre ted  by  each subjec t  dur ing  
the  var ious  4-h per iods  of the  2 flights.  The corre la t ion 
coefficients be tween  the  2 var iables  for the  2 f l ights  are 
p resen ted  in Table  II .  
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Table I. Mean • S.D. values for urinary 17-hydroxycorticosteroids (17-OH-CS) and glyeosaminoglycans (GAG) 

Subject Period 

6.00-10.00 h 10.00-14.00 h 14.00-18.00 h 18.00-22.00 h 22.00-2.00 h 2.00-6.00 h 

Commander First flight 17-OH-CS 1.91 ~= 0.83 2.31 4. 1.51 2.72 4- 1.15 2.03 4- 1.01 1.54 4. 0.65 - 
GAG 2.13 ~ 0.81 1.52 ~- 1.17 1.41 4. 0.53 1.05 • 0.30 1.32 4. 0.24 

Second tligbt 17-OH-CS 0.74 • 0.71 2.95 ~ 0.92 2.69 4- 0.75 2.35 4. 0.92 1.57 ~ 0.93 1.03 4.4- 0.61 
GAG 1.55 • 0.07 2.37 =~ 0.78 0.96 • 0.49 1.03 4- 0.47 0.92 • 0.58 1.18 4. 0.35 

Navigator First flight 17-OH-CS 3.21 4. 1.47 1.68 4. 0.16 3.27 q- 1.03 4.68 ,2_ 1.91 3.77 q- 3.09 
GAG 2.44 4- 0.86 0.90 2~ 0.07 1.40 • 0.25 2.26 4. 0.88 2.41 -4- 1.77 

Second flight 17-OH-CS 3.08 ~- 1.48 3.24 4. 1.16 3.09 • 1.06 3.82 4. 0.58 2.38 4. 1.06 3.84 ~ 1.39 
GAG 2.36 ~: 1.00 2.83 4. 0.06 1.65 • 0.55 0.62 4. 0.46 1.20 q- 0.34 2.43 • 0.80 
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Fig. 1. Concentration of glycosaminoglyeans 
and 17-hydroxycorticosteroids in each urine 
sample voided spontaneously by the Com- 
mander during A. first flight and B. second 
flight. In the insert the daily excretion of 
glycosaminoglycans is plotted as mg of 
hexuronie acid/total volume and as mg of 
bexuronie aeid/g ereatinine. 
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Table II. Correlation coefficients between values of excretion of 17-hydroxycorticosteroids (17-OH-CS) and glycosaminoglycans (GAG) 

Subject Periods 

6.00-10.00 h 10.00-14.00 h 14.00-18.00 h 18.00-22.00 h 22.00-2.00 h 2.00-6.00 h 

Commander First flight 0.78 ~ 0.90 b 0.65 ~ 0.73 �9 0.57 ~ No samples 
Second flight Small sample 0.66 u 0.96 ~ 0.62 �9 0.69~ 0.90 �9 

Navigator First flight 0.74~ Small sample Small sample 0.76 ~ Small sample No samples 
Second flight 0.83 b Small sample 0.65 ~ 0.24 o Small sample Small sample 

Significant at the 0.05 level, p < 0.05; " Significant at the 0.01 level, p < 0.01; o Not significant, p < 0.05. 
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Fig. 2. Same parameters as presented in Figure 1, as 
applied to the Navigator, 

Despi te  the  unusual  expe r imen ta l  condit ions,  the  dai ly 
excre t ion  of GAG of the  2 subjects  dur ing  the  2 fl ights 
appears  to be quan t i t a t i ve ly  normal  and  reasonably  
c o n s t a n t  (Figures 1 and  2, inserts).  Dur ing  the  first  fl ight,  
i n  which  the  normal  c i rcadian r h y t h m  of the  subjects  
should no t  have  been disrupted,  the  u r inary  excre t ion  of 
17-OH-CS f luc tua ted  more  t h a n  t h a t  of GAG (Table I). 
This m a y  indicate  t h a t  the  expe r imen ta l  condi t ions  
af fec ted  the  adrena l  funct ion  more  t h a n  the  me tabo l i sm 
oi GAG. Never theless ,  t he  correla t ion coefficients indica te  
a s ignif icant  re la t ionship  be tween  the  2 var iables  wi th in  
a given per iod of t ime  (Table II).  Dur ing  the  second 
flight,  the  comple te  r andomiza t ion  of the  dai ly  rout ine  
did no t  affect  apprec iab ly  such a correlat ion.  For  the  
Commander ,  it  r emained  s ignif icant  (Table II) and 
improved  dur ing  the  n igh t  per iod (22.00 h to  2.00 h);  
for t he  Navigator ,  i t  r ema ined  s ignif icant  (Table II) .  
However ,  the  ear ly  morn ing  was the  only per iod of the  
day  t h a t  could be adequa te ly  s tudied  in th is  subject .  

These results  conf i rm the  exis tance  of a s ignif icant  cor- 
re la t ion be tween  ur inary  excre t ion  of GAG and  17-OH-C S, 
under  normal  condi t ions  or condi t ions  in which  the  cir- 
cad ian  r h y t h m  of t he  indiv idual  m a y  be d is rupted .  How-  
ever, the  da t a  ob ta ined  by  GHATA et al. z, the  mechan i sm 
of act ion of agents  known to  mobil ize t issue GAG 4, 5 and  
the  well d o c u m e n t e d  effects  of adrena l  hormones  on 
GAG metabo l i sm 9 t end  to indicate  t h a t  the  adrena l  
hormones  m a y  p lay  a 'permiss ive '  role in the  u r inary  

excre t ion  of circulat ing GAG 10 ra the r  t h a n  a de te rmin ing  
role in the i r  mobi l iza t ion f rom t issues 11. 

Zusammenf~ssung. W g h r e n d  2 s imulier ten,  14 Tage 
daue rnden  Raumfl t igen  wurde  bei 2 A s t r o n a u t e n  un te r -  
sucht ,  ob zwischen der  Aussche idung  yon Glycosamin-  
g lycanen und  der  Anssche idung  der  Nebenn ie ren r inden-  
s teroide eine Korre la t ion  bes teb t .  Eine  s ignif ikante  Kor-  
relat ion zwischen diesen beiden P a r a m e t e r n  wurde  ge- 
funden.  
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