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Starvat ion- Induced  Adaptat ion  of Rat Liver 
Tyros ine  T r a n s a m i n a s e  and Serine Dehydrase  

Current  s tudies  have  ind ica ted  two separa te  mecha-  
n isms which  help  to  expla in  the  adap t ive  fo rmat ion  in 
vivo of var ious  r a t  l iver enzymes  ~,~. The first,  the  hor-  
mona l  type;  includes agents  such as glucocorticoids as 
inducers  and  the  second, the  subs t r a t e  type ,  comprises  
the  subs t ra te  of an enzyme as i ts  inducer.  Effec t ive  en- 
zyme increases which  occur adap t ive ly  in response to  
non-specif ic  s t imulus,  such as s ta rva t ion ,  are general ly  
t h o u g h t  to be caused secondar i ly  by  the  cort icoids (first 
mechanism)  re leased by  the  adrenals  of the  s t ressed 
animal  3. Because of its physiological  impor tance ,  the  
na tu re  of the  s t a rva t ion - induced  adap t a t i on  was ex- 
amined  wi th  regard  to r a t  l iver tyros ine  t r ansaminase  
(L-tyrosine 2-oxoglutaric aminot ransferase ,  EC 2.6.1.5) 
and  serine dehydrase  (EC 4.2.1.13), b o t h  of which  ~-,4 are 
increased following glucocort icoid admin i s t r a t ion  as well  
as s ta rva t ion .  

Male Wis t a r  r a t s  (Centre de S61ection des An imau x  de 
Labora to i re  du C.N.R.S.) ,  fed a commercia l  diet  (17% 
crude protein)  a t  4 weeks of age, were grouped  according to  
the  schedule shown in the  Table.  Bilateral  ad rena l ec tomy  
was pe r fo rmed  unde r  e the r  anaesthesia .  The adrenalec to-  
mized  r a t s  were offered 1% NaC1 solut ion for dr inking 
and  sacrificed on the  7th day  af ter  the  da te  of operat ion.  
33% homogena tes ,  p r epa red  in the  cold f rom fresh l iver 
in 0.25d14r sucrose, were centr i fuged a t  105,000 g for 45 
min in a ref r igera ted  Spinco Model  L Ul t racentr i fuge,  and  
enzyme act ivi t ies  were de t e rmined  in the  s u p e r n a t a n t  
under  condi t ions  in which  the  react ion ra tes  were l inear 
w i th  t ime  and  enzyme  concent ra t ion .  Fo r  tyros ine  t r ans -  
aminase  the  reac t ion  mix tu re  conta in ing  enzyme,  100 #g 
pyr idoxa l  phospha te ,  150 /~m phospha t e  buffer,  p H  7.0, 
10 ~m d ie thy ld i th ioca rbamate ,  12/~m L-tyrosine, and  50 
/zm ~-ketoglutarate ,  was  made  to final volume of 3 ml  
(pH 7.1) and incuba ted  at  37 ~ for 15 rain. Fo r  serine 
dehydrase  2 ml  reac t ion  mix tu re  (borate buffer,  f inal  
p H  8.1) con ta in ing  enzyme,  100 #g pyr idoxaI  p h o s p h a t e  
and  10-~M L-serine was  incuba ted  at  37 ~ for 20 min in 
N,  a tmosphere .  The react ions  were s topped  by  0.5 ml  of 
50% tr ichloroacet ic  acid. For  t ransaminase ,  p - h y d r o x y -  
p h e n y l p y r u v a t e  fo rmed  was rou t ine ly  e s t ima ted  in an  
a l iquot  of the  s u p e r n a t a n t  by  a modif ied Brigg 's  reac t ion  5 
and  occasionally checked  by  the  e n d - b o r a t e  procedure  6. 

Fo r  serine dehydrase ,  the  p y r u v a t e  formed was measured  
in the  s u p e r n a t a n t  as the  phenylhydrazoneV.  

The d a t a  on enzyme activi t ies,  shown per  g liver and  
100 g body  we igh t  (changes in enzyme  act ivi t ies  in dif- 
ferent  groups,  when  calculated per  mg p ro te in  and D N A  
con ten t  of the  liver, followed the  same p a t t e rn s  respec- 
t ively as those  per  g liver and  100 g b o d y  weight),  are 
summar ized  in the  Table. I t  is clear t h a t  48 h s t a rva t ion  
induced an increase in liver tyros ine  t r ansaminase  and  
serine dehydrase  in non-adrena lec tomized  as well as 
adrena lec tomized  rats .  The degree of increase was even  
higher  af ter  adrena tec tomy,  main ly  due to  a lowering 
of the  basa l  enzyme act iv i ty .  Thus  l iver serine dehydrase ,  
in ag reemen t  wi th  a previous  r epor t  *, was  depressed b y  
as much  as 50% in the  adrena lec tomized  rats,  and  in 
these animals  the  effect  of s t a rva t ion  was  manifes t  by  
6- to 7-fold increases of the  enzyme  level compared  to  
only 2- to 3-fold in the  non-adrena lec tomized  rats.  These  
enzyme elevations,  as shown for adrena lec tomized  ra t s  in 
the  Table,  were effect ively suppressed  (about  40%) by  
puromycin ,  suggest ing the  possible fo rmat ion  of new en- 
zymes in the  process. In  any  event ,  since the  adrenal  was 
no t  an obl iga tory  r equ i r emen t  for elicit ing the  starva~ 
t ion- induced  adap ta t ion ,  the  suggest ion t h a t  cort icoids 
acted as inducers  (first mechanism)  in this  case m a y  be 
excluded.  The  a l te rna t ive  possibi l i ty  of the  subs t ra tes  
act ing as inducers  (by the i r  accumula t ion  in the  liver) 
was also tes ted.  Free amino acids ex t r ac t ed  8 f rom the  
livers of the  adrena lec tomized  ra t s  (fed and s ta rved  48 h) 
were assayed in a Technieon Autoana lyze r  af ter  pass ing 
the  ex t r ac t  t h rough  a Dowex  50 co lumn 9. The resul ts  
revealed no appreciable  change  in the  level of free ty ro -  
sine, t r y p t o p h a n e ,  or pheny la lan ine  (subs t ra tes  of t he  
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Adaptive increase of hepatic tyrosine transaminase and serine dehydrase of 5- to &week-old rats (about 150 g body weight) in starvation 
and its inhibition by glucose administration 

Group Tyrosine transaminase 
(#m p-hydroxyphenylpyruvate/h) 

per g liver per 100 g 
body weight 

Serine dehydrase 
(/~m pyruvate/h) 

per g liver per 100 g 
body weight 

Adrenals intact 

Adrenalectomized 

Fed 404- 14~ (12) 192 :j_ 6 399 4- 25 (6) 1717 4- 21 
Starved 48 h 87 4- 4 (6) 277 4- 14 1052 -4- 66 (6) 3388 4- 239 
Starved 48 h + glucose b 55 4- 6 (5) t68 -t- 15 418 -}- 11 (6) 1369 q- 21 

Fed 344- 3 (9) 133 4- 11 195-f- 30 (7) 755 4- 94 
Starved 48 h 85 -b 7 (7) 256 4- 22 1431 4- 92 (10) 3966 + 202 
Starved 48 h + glucose ~ 34 4- 2 (7) 99 :t- 6 685 4- 91 (7) 1955 4- 255 
Starved 48 h + puromycino 54 4- 2 (6) 160 4- 9 743 4- 17 (6) 2436 4- 298 

�9 Average 4- S.E. for the number of animals in parenthesis, bl-l.3 g of n-glucose in water were given daily to each rat by intraperitoneal 
route in two divided doses; the animals were sacrificed 4-5 h after the last dose of 0.6 g. ~ doses, each of 10 mg puromycin aminonucleoside 
(in 0.9% NaC1)]rat]day, were injected intraperitoneally. The rats were killed 4 h after the last dose. 
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t ransaminase l~  abou t  50% decrease of th reonine  plus 
serine (subst ra te  of serine dehydrase)  and app rox ima t e l y  
25% reduc t ion  in the  level of to ta l  free amino  acids. 
There  was no ind ica t ion  t h a t  the  enzyme  e levat ion  caused 
b y  s t a rva t ion  was associa ted  wi th  e levat ion  of the i r  sub-  
s t ra tes  in the  liver. The above findings,  then,  suggest  t h a t  
s t a rva t ion  in i t ia ted  the  e levat ion  of the  two enzymes  in 
the  l iver by  a m e c h a n i s m  i n d e p e n d e n t  of e i ther  gluco- 
cort icoid or subs t ra te  induct ion.  

The reason for t he  adap t ive  increases of t he  hepa t i c  
t r ansaminase  and  the  dehydrase  in s t a rva t ion  is no t  clear, 
b u t  the  physiological  re levance  of the  changes  is under-  
s tandable .  The crit ical need for energy  in s t a rva t ion  is 
u l t ima te ly  con t r ibu ted  b y  t issue p ro te in  catabol ism.  The 
e levat ion  of specific amino acid catabolic  enzymes  in such 
a s i tua t ion  is an appropr ia te  adap t a t i on  towards  homeo-  
stasis. Accordingly  when  an ex te rna l  energy  source, D- 
glucose, was  p rov ided  in g ram q u a n t i t y  to  t he  ra t s  wi th  
the  onse t  of s t a rva t ion ,  the  enzyme elevat ion,  as shown  
in the  Table,  was e i ther  abol ished or suppressed.  An in- 
h ib i to r  in the  enzymes  of the  s ta rved  ra ts  given glucose 
could no t  be de tec ted .  The sugar or its metabo l i t es  
(glucose-6-phosphate,  g lucose- I -phosphate ,  lactate)  when  
added  in vi t ro  in mil l imolar  amoun t s  did no t  inhibi t  the  
enzyme activit ies.  Also the admin i s t r a t ion  of the  sugar to 
fed ra ts  did no t  lower the  basal  t r ansaminase  and de-  
hydrase  act ivi t ies  of the  liver. Such an in vivo inh ib i to ry  
effect  of in jec ted  glucose was previously  repor ted  n wi th  
the s t a rva t ion- induced  adap t ive  increase of cyste ine de- 
su l fhydrase  ac t iv i ty  in the  chick liver. I t  is of in te res t  

t h a t  similar inhib i t ion  by  glucose of the  adap t ive  increases 
of a microsomal  enzyme,  l iver d ime thy l aminoazobenze  
reductase  induced  by  s t a rva t ion  TM and  l iver th reon ine  
dehydrase  and  orn i th ine  t r ansaminase  by  casein feed- 
ing 1~ has  also been  repor ted  in r ecen t  publ icat ions .  

Rdsumd. Les act ivi t6s  de la ty ros ine  t r ansaminase  e t  de 
la s6rine dghydrase  son t  augment6es  dans  le foie de ra t s  
I lormaux ou surr6nalectomis6s soumis  au jefine. Ces aug- 
menta t ions ,  qui sont  suppr im~es  pa r  la pu romyc ine  ou le 
glucose, ne son t  dues  ni 5, une s6cr6tion d ' h o r m o n e s  sur- 
r6nal iennes ni k une accumula t ion  des subs t r a t s  des en- 
zymes.  
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Role of Heavy Water as Solvent in the Antigen-  
Antibody Precipitin Reaction 

Mice dr inking 30% h e a v y  wa te r  (D~O) have  been ob- 
served to manifes t  depressed  responsiveness  to ant igenic 
s t imuli  1. The mechan i sm of this  suppressive action,  how- 
ever, has no t  been elucidated.  In  th is  regard,  expe r imen t s  
have  been designed to  dis t inguish be tween  the  effects of 
D20 act ing as solvent  and source of readi ly  exchangeable  
hydrogen  isotope and D20 act ing as a source of non- 
exchangeable  isotope incorpora ted  by  synthes is  into C-D 
bonds.  The presen t  r epor t  is a descr ipt ion of such an ex- 
pe r imen t  carr ied out  in vitro,  in which the  effects of D20 
as a so lvent  sys t em for the  quan t i t a t i ve  precipi t in  reac- 
t ion were s tudied.  To maximize  such effects, t he  level of 
D~O employed  (50%) was  twice t h a t  e x t a n t  in the  b o d y  
fluids of mice on a 30~ D20 regimenL 

Serum from a normal  albino rabb i t  immunized  by  a 
single subcu taneous  in ject ion of 2.0 ml comple te  F r e u n d ' s  
a d j u v a n t  conta in ing  10 mg bovine serum a lbumin  was 
collected b y  hea r t  punc tu r e  on the  50th day  pos t - immu-  
nization.  Serum was f i l tered and  inac t iva ted  a t  56 ~ for 
30 min. One volume was  t h e n  added  to an equal  vo lume 
of isotonic 99.7~ D20 saline. As a control ,  a sample  of the  
same serum was similarly di luted wi th  isotonic saline and  
b o t h  samples  incuba ted  a t  room t e m p e r a t u r e  for 74 h. 
At  the  end of the  incuba t ion  period,  p H  m e a s u r e m e n t s  
were made  on b o t h  samples.  Optical  densi t ies  were de ter -  
mined  in the  B e c k m a n  DB s p e c t r o p h o t o m e t e r  be tween  
240 and  320 n m  on 1 : 100 di lut ions of each sample,  using 
the  cor responding  aqueous or deu te ra ted  saline as di luent .  

An t igen -an t ibody  react ions  using 1/2 ml  of the  1 : 1 di luted 
ant isera  were carried out  in an isotonic pH 7.4 saline 
bora te  buffer,  in a volume of 2.5 ml. These sys tems  were 
ma in t a ined  aqueous or 50% wi th  respec t  to D20 to cor- 
respond  respect ive ly  wi th  the  aqueous  or deu te ra t ed  ant i -  
sera employed.  Af ter  addi t ion  of ant igen,  samples  were 
incuba ted  for 1 h a t  37 ~ and ref r igera ted  at  4 ~ for 7 
days.  Specific prec ip i ta tes  in b o t h  sets were t hen  washed  
twice wi th  3 ml  of 0 .15M NaC1 near  0~ d iges ted  and  
n i t rogen analyses  carried out  in dupl ica te  for each po in t  
by  a mic ro-Kje ldah l  method .  

As seen in the  Figure,  the  q u a n t i t a t i v e  precipi t in  be- 
hav ior  of normal  r abb i t  a n t i b o d y  in 50% D20 was ob- 
served to coincide wi th  t h a t  of the  cont ro l  in the  a n t i b o d y  
excess zone, a l though  an increased fo rmat ion  of precipi-  
t a t e  was no ted  in t he  region of an t igen  excess. The p H  
and UV-spec t ra l  charac ter i s t ics  of the  D~O and  HeO 
dissolved ant i sera  employed  in th is  assay were found  to  
be similar. Normal  prec ip i t in  behav io r  in the  a n t i b o d y  
excess zone indica ted  t h a t  no loss of combin ing  abi l i ty  
h a d  occurred.  Increased  p rec ip i t a t e  observed in the  ant i -  
gen excess zone migh t  be ascr ibed to d iminished solu- 
bi l i ty  of normal ly  soluble a n t i g e n - a n t i b o d y  complexes ,  
since the  solubil i ty of a va r i e ty  of polar  compounds  ill 
h e a v y  wa te r  has  been  shown to be marked ly  less t h a n  in 
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