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Derivat ion  of the Rate Equat ion  for the Aspartate  
Menten  A s s u m p t i o n s  

The  ra te  equa t ion  for the  enzymat ic  mechan i sm exempl i -  
fied by  aspar t a t e  aminot ransferase  has been der ived f rom 
s t eady-s t a t e  theory  (ALBERTY ~, VELICK and VAVRA ~), bu t  
i t  has no t  been repor ted  before  t h a t  the  der iva t ion  can 
be made  using the  Michael is-Menten condit ions.  

Symbols  are those  r ecommended  by  the  E n z y m e  Com- 
mission of the  In t e rna t iona l  Un ion  of Biochemis t ry ,  
modif ied  in t h a t  the  2 half - react ions  are t r ea ted  separately,  
the  symbols  referr ing to  the  second enzyme  form being 
dis t inguished where  necessary by  the  p r ime  ('), and  in 
t h a t  cer ta in  addi t ions  are required,  name ly :  

e t = e + e' ( total  enzyme  concentra t ion) ,  

K a, K b are  the  ' t rue  Kin' for the  subst ra tes  A and B,  as 
defined by  VELICK and VAVRA 2. 

The  2 half- react ions  are :  
k 

E + A  ~ E A  - ~- E ' + p r o d u c t  1, 

t i c  ----- (e - p)a/p , 
k" 

E ' +  B , " E" B > E + p r o d u c t  2, 

KB -- ( e ' -  p ' )b/p ' .  

For  any  cons tan t  overal l  reac t ion  rate,  the  rates  of the  
2 half - react ions  mus t  be  equal,  for  if t h e y  were not,  the  
enzyme  form produced  by  the  faster  would  accumula te ,  
and the  enzyme  form consumed by  i t  would be  deple ted  
unt i l  t he  2 ra tes  became  equal,  i.e. v = k p = k ' p ' .  There-  
fore (p/p') = (h'/k) (=  R, say). Thus  the  concent ra t ions  
of the  2 enzyme-subs t r a t e  complexes  are in a f ixed ra t io  
dur ing  any  per iod of cons tan t  reac t ion  rate,  i r respect ive  
of subs t ra te  concentra t ions .  The  va lue  of R could be  
a l tered if k and k'  themselves  were a l tered bu t  no t  o ther-  
wise. 

No te  that ,  

e = p (1 + K x / a  ), e" = p (1 + K B / b ) / R .  

Therefore,  
et R (1 + KA/a) 

e = 
i + KB/b + R ( 1 +  KA/a) ' 

A m i n o t r a n s f e r a s e  M e c h a n i s m  f r o m  the Michae l i s -  

h t e t 

v = k p = k "  e / R ( 1  + K , 4 / a ) =  i + KB/b + R (1 + Ka/a)  " 

The ra te  equa t ion  der ived f rom s teady-s ta te  theory  m a y  
be  wri t ten ,  

VmaJv = 1 + Ka/a  + Kb/b ,  

and the  fol lowing correspondences  are  readi ly  ob t a ined :  

Irma x = k" et/(1 + R ) ,  K a = R KA/(1 + R ) ,  

1~b = gd(1 + R). 

The  new equa t ion  predicts  ha l f -max ima l  ve loc i ty  when  
half  the  to ta l  enzyme  exists  as to ta l  enzyme-subs t ra te  
complex.  This  m a y  be ach ieved  in an inf ini te  va r i e ty  of 
combina t ions  of subs t ra te  concentra t ions ,  b u t  f ixing the  
concen t ra t ion  of one, fixes the  other.  

The  factors  1/(1 + R) and R/(1 + R) express the  con- 
cen t ra t ion  of E ' B  and E A  respec t ive ly  as p ropor t ions  of 
the  to ta l  enzyme-subs t ra t e  complex.  I t  should be  no ted  
t h a t  R cannot  be equa ted  w i t h  the  ra t io  of pyr idoxa l  to  
py r idoxamine  forms of aspar ta te  aminotransferase .  In-  
deed i t  has no simple physical  in te rpre ta t ion ,  since there  
are, in real i ty,  more than  2 forms of enzyme-subs t ra t e  
complex.  

Rdsum£ On p e u t  d4duire l%quat ion de vi tesse de la 
r6act ion catalys6e par  la t r ansaminase  g lu tamique  - oxal-  
ace t ique  (EC 2.6. 1.1) en u t i l i sant  les pos tu la ts  de 
Michaelis et Menten,  ainsi que  l ' hypothgse  de , S teady-  
S t a t e , .  

T. R.C. BOYDE 

Department o /Cl in ical  Biochemistry, University o/ 
Newcast le-upon-Tyne (England), 2J Augus t  1967. 

1 R.A. ALBERTY, J. Am. chem. Soc. 75, 1928 (1953). 
2 S. F. VELICK and J. VAVRA, J. biol. Chem. 237, 2109 (1962). 

Effect of H o r m o n e s  on Acid  M u c o p o l y s a c c h a r i d e  

I t  has been found t h a t  ur idine diphosphate-D-glucuronic  
acid (UDPGA)  and g lucosamine-6-phosphate  (Gm-6-P) 
are  i m p o r t a n t  in te rmedia tes  as monosacchar ide  units  for 
the  synthesis  of acid mucopolysacchar ides  (AMPS) 1. 
U D P G A  can be conver ted  enzymat ica l ly  f rom uridine 
diphosphate-D-glucose (UDPG) by  a dehydrogenase-~, and 
hexose-6-phosphate  and L-glutamine (L-glut.) form 
Gm-6-P  and g lu tamic  acid by  the  L-glut.-D-hexose-6- 
phospha te  t ransamidase  ~. The  metabo l i sm of A M P S  is 
known to be inf luenced by  var ious  hormones  ~. However ,  
some of the  d a t a  are still  contradictoryS,% 

In  this inves t igat ion,  U D P G  dehydrogenase  (UDPG-  
DH),  L-glut.-D-fructose- 6 -phospha te (F6P) - t ransamidase  
and L-g lu t . -D-g lucose -6 -phospha te (G6P) - t r ansamidase  
act iv i t ies  were  s tudied  in the  normal  skin of mice, as 
were the  effects of var ious  hormones  on these  enzymes  
compara t ive ly .  

Synthes i s  in M o u s e  Skin .  An E n z y m e  S tudy  

Materials and methods. Thi r ty -s ix  female  and 12 male  
Swiss albino mice, weighing 16--23 g, were kep t  on an 
op t imal  l abora to ry  die t  and were g iven  wate r  ad l ibi tum.  
T h e y  were d iv ided into  7 groups,  i.e. no rmal  and t r ea t ed  
wi th  4 di f ferent  hormones.  I n  the  sex ho rmone - t r ea t ed  
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UDPG dehydrogenase, L-glut.-F6P-transamidase and L-gtut.-G6P-transamldase activities in the skin of normal and hormone-treated mice 

Treatment UDPG-DH L-glut.-F6P- L-gtut.-G6P- 
transamidase transamidase 

Normal 0.33 ~ 0.02 (12) 23.1 -I- 1.4 (13) 0.5 4- 0.1 (15) 
Cortisone acetate 0.23 + 0.02 (5) 13.2 4- 0.5 (5) 0 (5) 
DOCA 0.20 4- 0.04 (5) 11.6 q- 0.7 (5) 0 (5) 
EstradioI benzoate female 0.42 ± 0.05 (5) 36.3 -4- 3.3 (6) 0 (5) 

male 0.83 -4- 0.09 (6) 57.3 -4- 5.4 (6) 0 (5) 
Testosterone propionate female 0,22 i 0.01 (5) 10.9 :k 1.7 (5) 0 (5) 

mate 0.63 :t: 0.03 (6) 43.8 -4- 2.9 (6) 0 (5) 

Data for enzyme activities are in the following units: UDPG-DH, #moles of NAD reduced/min/mg protein; L-glut.-F6P-transamidase and L- 
glut.-G6P-transamidase,/zmoles glucosamine synthesized/h/rag protein. Each value represents the mean -4- standard error of the mean. 
The number of determinations are shown within brackets, 

groups ,  a n i m a l s  of b o t h  sexes were  used to  reveM a 
poss ib le  sex difference.  E a c h  mouse  rece ived  a s.c. injec-  
t i on  in t h e  l a t e r a l  f emora l  reg ion  twice  a week  for 4 weeks.  
T h e  n a m e s  a n d  doses of h o r m o n e s  a t  each  t i m e  were  as 
fol lows:  2 .5% cor t i sone  a c e t a t e  suspens ion  0.1 ml  (2.5 mg) 
(Cor t i son -ace t a t  Ciba®, Ciba,  Basle,  Swi tzer land) ,  1% 
desoxycor t i cos t e rone  a c e t a t e  suspens ion  0.1 m l  (1.0 rag) 
(Percor ten®,  Ciba,  Basle,  Swi tzer land)  (DOCA), 0 .1% 
es t r ad io l  b e n z o a t e  oleosa 0.1 ml  (0.1 mg) (Ph.  Nord .  63), 
a n d  5 %  t e s t o s t e r o n e  p r o p i o n a t e  oleosa 0.05 ml  (2.5 rag) 
(Ph.  Nord .  63). T h e  a n i m a l s  were  ki l led 3 -6  days  a f t e r  t he  
las t  in jec t ion .  The  a b d o m i n a l  skin  was  shaved ,  excised, 
f reed of s.c. f a t t y  t issue,  a n d  i m m e d i a t e l y  m i n c e d  w i t h  a 
r azor  b lade .  A 20% h o m o g e n a t e  in 0 . 1 5 4 M  KC1 was  m a d e  
us ing  a m o t o r - d r i v e n  glass h o m o g e n i z e r  a t  4 °C. 

The  s u p e r n a t a n t  cen t r i fuged  a t  13,000 g for  60 ra in  was  
used for  t h e  assay.  T h e  a s s a y  p rocedu re  of U D P G - D H  
was used  w i t h  a few mod i f i ca t ions  of t h e  m e t h o d  of 
STROMINGER e t  a13, as  p u b l i s h e d  p r e v i o u s l y  b y  SASAKI L 
L - g l u t . - F 6 P - t r a n s a m i d a s e  a n d  L - g l u t . - G 6 P - t r a n s a m i d a s e  
were d e t e r m i n e d  b y  t h e  m e t h o d  of POGELL a n d  GRYDER S. 
H e x o s a m i n e  a n d  p r o t e i n  d e t e r m i n a t i o n s  were  ca r r i ed  o u t  
b y  t h e  m e t h o d s  of  KIRK a n d  DYRBYE 9, a n d  WEICItSEL- 
BAUM tO respec t ive ly .  

Results. The e n z y m e  ac t iv i t i e s  of  e a c h  g r o u p  a re  
i l l u s t r a t ed  in  t h e  Table .  T h e  ac t iv i t i e s  of U D P G - D H  a n d  
L - g l u t . - F 6 P - t r a n s a m i d a s e  were  para l le l .  C o m p a r e d  w i t h  
e n z y m e  ac t iv i t i e s  of t h e  u n t r e a t e d  an imal s ,  s ign i f i can t ly  
lower  va lues  were  d e m o n s t r a t e d  in  t h e  sk in  of  mice  
t r e a t e d  w i t h  cor t i sone  a c e t a t e  a n d  D O C A  ( P  < 0.001). 
T h e  U D P G - D H  a n d  L - g l u t . - F 6 P - t r a n s a m i d a s e  ac t i v i t i e s  
in  t h e  sk in  of  e s t r a d i o l - t r e a t e d  mice  of b o t h  sexes  were  
h i g h l y  inc reased  b e y o n d  t h e  level  of  n o r m a l s  ~P  < 0.001), 
a n d  m a l e  m o u s e  sk in  s h o w e d  h i g h e r  va lues  t h a n  f ema le  
m o u s e  sk in  ( P  <: 0.001). These  2 e n z y m e  ac t i v i t i e s  in  t h e  
sk in  of t e s t o s t e r o n e - t r e a t e d  mice  were  f o u n d  to  be  h i g h e r  
in  ma les  ( P  < 0.001), a n d  in  females  even  lower  t h a n  in 
t h e  u n t r e a t e d .  A s l igh t  a c t i v i t y  was  d e m o n s t r a t e d  b y  
d e t e r m i n i n g  L - g l u t . - G 6 P - t r a n s a m i d a s e  in  t h e  sk in  of un -  
t r e a t e d  mice.  Howeve r ,  n o  e n z y m e  a c t i v i t y  was  obse rved  
in  t h e  sk in  of mice  t r e a t e d  w i t h  va r ious  h o r m o n e s .  

Discussion. T h e  r educed  a c t i v i t y  obse rved  in t h e  skin  
of c o r t i s o n e - t r e a t e d  mice  con f i rms  severa l  p u b l i c a t i o n s  on  
t h e  i n h i b i t o r y  effects  of cor t i cos te ro ids  on  t h e  syn thes i s  
of A M P S  4,n. Some  h is to logica l  s tud ies  a n d  ~sS-uptake 
d a t a  h a v e  i n d i c a t e d  inc reased  a c c u m u l a t i o n  a n d  t u r n o v e r  
of A M P S  in  c o n n e c t i v e  t i s sue  b y  a d m i n i s t r a t i o n  of 
B O C A  x*,13. On t h e  o t h e r  h a n d ,  i t  was  found  t h a t  DOCA 
showed  i t s  i n h i b i t o r y  effect  on  f ib rob las t s  in  t i ssue  
cu l tu re  14. I t  could  be  p r e s u m e d  t h a t  DOCA inh ib i t s  bio-  
syn thes i s  of A M P S ,  as t h e  e n z y m e  ac t iv i t i e s  d e t e r m i n e d  
in t h i s  s t u d y  were  f o u n d  lowered,  I nc r ea sed  ac t iv i t i e s  of 
U D P G - D H  a n d  L - g l u t . - F 6 P - t r a n s a m i d a s e  in  t h e  skin  of 

e s t r a d i o l - t r e a t e d  mice  m a y  ind ica t e  t h a t  e s t rad io l  benzo-  
a t e  s t i m u l a t e s  a c c u m u l a t i o n  of A M P S  in the  sk in  as 
r e p o r t e d  b y  SINOIkARA a n d  SKY-PEcK 5, in  sp i te  of t h e  
oppos i te  r e p o r t  b y  PRIEST e t  al. 8. Howeve r ,  ~,VARREN a n d  
FAGAN t5 d e m o n s t r a t e d  t h a t  a m o n g  va r i ous  r o d e n t s  on ly  
Swiss a lb ino  mice  r e s p o n d e d  w i t h  a c c u m u l a t i o n  of A M P S  
b y  es t radiol .  I t  is of i n t e r e s t  t h a t  a f t e r  t e s t o s t e r o n e  
oppos i te  d a t a  were  seen b e t w e e n  t h e  sexes  in  t h i s  s tudy .  
However ,  t h e r e  is no  s a t i s f ac to ry  e x p l a n a t i o n  for  t he se  
resu l t s  a t  p resen t .  

A r a t h e r  low a c t i v i t y  of L -g lu t . -G6P- t r ansamidase ,  
c o m p a r e d  w i t h  L - g l u t . - F 6 P - t r a n s a m i d a s e  ac t iv i ty ,  was  
obse rved  in t he  n o r m a l  skin.  Howeve r ,  i t  seems r e m a r k -  
able  t h a t  no  a c t i v i t y  was found  in sk in  u n d e r  t he  in f luence  
of 4 d i f f e ren t  ho rmones ,  even  in t h e  sk in  of mice  t r e a t e d  
w i t h  es t radio l ,  of w h i c h  t he  U D P G - D H  a n d  L-g lu t . -F6P-  
t r a n s a m i d a s e  ac t iv i t i e s  were  v e r y  h igh .  Two d i f fe ren t  
m e t a b o l i c  p a t h w a y s  m a y  exis t  for t h e  syn thes i s  of Gm-  
6-P, e i t h e r  f rom F 6 P  or  G6P.  A l t h o u g h  POGZLL a n d  
GRYDER 8 a n d  SASAKI 7 r e p o r t e d  t h a t  t h e  m o r e  ac t ive  
p r ecu r so r  was  G6P,  BOLLET a n d  SHUSTER ls found  b o t h  
G6]? a n d  F6P ,  a n d  GHosrt  e t  al. x7 d e m o n s t r a t e d  F6P .  I n  
t h i s  s tudy ,  F 6 P  seems  to  be  t h e  more  a c t i v e  s u b s t r a t e  for 
t h e  f o r m a t i o n  of G m - 6 - P .  

Zusammen/assung. Die A k t i v i t ~ t  d re ie r  mucopo lysac -  
c h a r i d s y n t h e t d s i e r e n d e r  E n z y m e  in  de r  H a u t  n o r m a l e r  
M~use  w u r d e  y o n  Cor t i son  u n d  DOCA g e h e m m t ,  y o n  
0 s t r a d i o l  u n d  T e s t o s t e r o n  h ingegen  s t imul i e r t .  E i n e  Aus-  
n a h m e  b i l d e t  die G r u p p e  t e s t o s t e r o n b e h a n d e l t e r  weib-  
l i cher  M~tuse. 
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