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Summary. A m e t h o d  is descr ibed for de te rmin ing  and s ta t i s t ica l ly  compar ing  Michael is-Menten kinet ic  parameters �9  

Many  m e thods  have  been  publ i shed  for d e t e r m i n a t i o n  
of Michael is-Menten kinet ic  paramete rs .  This  pape r  
describes a m e t h o d  for ob ta in ing  K ~  and V when  mul t ip le  
m e a s u r e m e n t s  of v a t  each C mus t  be made.  I t  fu r the r  
p resen t s  a p rocedure  in which  s ta t i s t ica l  compar i sons  can 
be made  be tween  the  cons t an t s  found under  various con- 
di t ions.  This procedure  is val id when v(C), the  var iance  of 
C, is negligible compared  to v(v). 

The Michael is -Menten re la t ionship  can be expressed as : 
C~/v~ = (Km/V) 4- ((1/V)C d, where t h e  regression coeffi- 
c ient  (slope of the  line), 1/V, can be e s t ima ted  by  a 
weighted  l inear regression.  In  the  following procedure  
each weight  will equal  the  inverse  of the  var iance  of the  
d e p e n d e n t  variable,  Cdv.~, since conf idence in measure-  
m e n t  of Cdv~ increases as v(Cdv d decreases,  v(CUv~ ) can 
be expressed as ~ : (v(vdCi ~)/ffd, where ffi is the  t rue  veloci ty  
a t  C~. (v(vi) can be calcula ted f rom the  following: v(vi) = 

)' J)/ 7=1 (Vi)'2) -- (Vis) /ri ri(ri -- 1) where ri is the  
k \ i = l  

n u m b e r  of measu remen t s  t aken  at  C~. This value differs 
for each C, depend ing  on the  sca t te r  of the  individual  
measured  velocities,  v~, and the  n u m b e r  of replications,  
r~.) Also the  t rue  velocit ies are unknown,  bu t  can be esti- 
m a t e d  as the  means  of the  measured  velocities.  Our first  
app rox ima t ion  of w~, the  weight  a t  C,, is: w~ = (v,)~/(v(vd 
C~2). 

The regression coefficient,  b, which  is ac tual ly  1/V, 
can be e s t ima ted  as a 

~ . . . . . .  
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The in tercept ,  a, of the  regression line can be e s t ima ted  as : 

a= [(i:~lW,(C,/v,))/(i:~lW,)] - b [(i~=lW,C,)/(i~lW,)]. (II) 
Tile l inear re la t ionship  be tween  C and CIv can be approxi -  

m a t e d  as CIv = 2 4- t~C. 
I t e ra t ion  leads to improved  es t imates  of a and b. The 

t rue  velocit ies can be b e t t e r  a p p r o x i m a t e d  by :  fii = 

((@C~) 4- t))-*. The ref ined weights  now become:  w~ = 

[(a/C,) 4- b]-~/[v(vi) C~ ~] and equat ions  I and II  give a 
refined es t ima te  of the  regression coefficient and in tercept .  

v(b) can now be calcula ted using the  residual  mean  
square,  s ~, to e s t ima te  the  var iance  factor,  a s. The follow- 
ing equa t ions  should  be used:  

S2 =(~i=1 w,i((C~,/V,i) --(a + b C , ) ) ~ ] / ( n - - 2 ) a n d v ( b ) = s q  

[ - J w,(Ci -- (i w,C, w,)) ~ . We now have  a m e t h o d  
i=1 = i 

for de te rmin ing  1/V and v(1/V) for var ious  expe r imen ta l  
condit ions.  If  an es t imate  of V is desired, the  reciprocal  

of b may  be used. 
Recen t ly  a m e thod  was  descr ibed for de te rmin ing  K ~  

independen t l y  of V, and  th is  procedure  has  been  appl ied 
to de te rmine  the  var iance  of Km ~. The new m e t h o d  

employs  the  l inear re la t ionship  /~ = C/Km where  

and  n is the  n u m b e r  of subs t r a t e  concen t ra t ions  s tud ied ;  

vj is the  veloci ty  of the  react ion at  Cj. If _R, is p lo t t ed  
versus  Ct, the  regression coefficient  is 1~Kin. The weight  
to be used is again the  reciprocal  of the  var iance  of the  

d e p e n d e n t  variable,  [v(/~,)j -1. These weights  can be ob- 

t a ined  d i rec t ly  when  calculat ing /~,. The p rob lem of 
de te rmin ing  1~Kin is now one of per forming  a we igh ted  
l inear regression t h ro u g h  the  origin. The applicable 
equa t ions  are : 

= (i~1 ~3~Ci~i)/(i~l wiCt2)and v(b)= s q  (i~1 wick2) 
K 

~vhere s 2 

is an es t imate  of 1~Kin. An es t ima te  of v(1/Km) has also 

been  given. If  an es t imate  of Km is desired, 1/b m a y  be 
used. 

We  are now able to de te rmine  w h e t h e r  or no t  the  dif- 
ference in the  regression coefficient,  be i t  1/V or 1~Kin, 
caused by  al ter ing the  condi t ions  is significant.  Indeed,  
if we can show t h a t  1/V (or 1~Kin) changes  signif icantly,  
t h e n  V (or K,,,) also changes  signif icantly.  One of two  
procedures  m u s t  now be followed depending  upon whe the r  
or no t  the  var iance  factors  of the  lines to be compared  are 
homogeneous .  The equa l i ty  of s~ e and s2 ~ m a y  be tes ted  
by  the  s t an d a rd  F - t e s t  5. For  homogeneous  var iance  
factors ,  the i r  jo in t  e s t ima te  is given byd:  s~ 2 ~ [(n 1 -- A) 
512 @- (n 2 -- A) s22]/(nl 4- n 2 2A) wi th  A = 2 when 
working wi th  1 /V and A 1 wi th  1~Kin. A tes t  of the  
hypo thes i s  t h a t  V~ is equal  to  Ve is t hen  given by :  t : 

(bl -- b2) / (s~' V ~ )  4- v(ib~ )-- I which will have a ] 

d en t ' s  d i s t r ibu t ion  wi th  n 1 + n 2 -- 4 degrees of f reedom, or 
for t he  tes t  t h a t  K , q  is equal  to Km~, nl  4- n2 -- 2 degrees 
of f reedom 6. 

W h e n  the  var iance  factors  of the  two  regression c o e f -  
f icients  are no t  homogeneous ,  b o t h  t and  d[, t he  degrees 
of freedom, should be modi f iedL To t e s t  the  hypo thes i s  
t h a t  V 1 and Ve (Kin1 and Km~) are no t  s ta t i s t ica l ly  dif- 
ferent ,  the  following equat ions  are used:  t = (b 1 -- b~)/ 

] / ~ )  4- v(b2) and d/ ~- [(V(bl)/Sl ~) 4- (v(b2)/s2~)]~/ 
[(v(b~)2/s~ 4 (n 1 -- A)) 4- (v(b~)2/s2 ~ (n 2 -- A))] wi th  A = 2 
when  tes t ing  1/V and A = 1 when tes t ing  1/Km. 
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Killetic p a r a m e t e r s  and stat is t ical  tests for L-leucine t ranspor t  in chicken intest ine 
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E x p e r i m e n t  Pre incubat ion  Incuba t ion  n 1IV V cr ~ v ( l / V )  1/K,~ K , ,  a 2 v (1/K,~,) 

1 K H B  K H B  4 0.01.07 94 0.00914 4.12 • 10 v 0.337 2.97 0.855 5.88 • 10 a 
2 C h K H B  K H B  5 0.0249 40 0.0693 2.30 X 10 -g 0.229 4.37 0.621 1.26 • 10 -6 
3 C h K H B  C h K H B  8 0,0721 14 0.0301 9 . 0 5 •  5 0.227 4.41 0.613 1.05X10 3 

Tests of V Tests of K~ 

Experiments t d{ P t dJ P 

1 versus 2 7.5467 5 < 0.001 4.8572 7 < 0.001 
1 versus 3 7.0553 8 % 0.001 2.7118 10 < 0.05 
2 versus 3 4.1204 9 < 0.01 0.0571 11 N.S. 

F o r  details on symbols,  see text .  The  veloci ty  of t ranspor t  of L-leucine was s tudied in the chicken ileum and for each subs t ra te  concentra t ion 
was  the m e a n  of 8-40 deternfinations on tissue from 4-20 animals.  V is repor ted  in nmol / cm e intest ine/min and K,n in raM. Preincubat ion 
was for 30 nfin and incubat ion with t racer  subs t ra te  was for 1 mira K H B ,  Krebs Henseleit  buffer; C h K H B ,  Na + -free, choline cation-sub- 
s t i tu ted  Krebs  Henseleit  buffer.  For  o ther  details, see B~JRRILL et al. s. The  t-values were compu ted  on the basis of homogeneous var ia lme fac- 
tors (see text). 

To i l lus t ra te  t h e  m e t h o d  we e v a l u a t e d  t he  k ine t ic  
p a r a m e t e r s  for t h e  in i t ia l  ve loc i ty  of L-Ieucine t r a n s p o r t  
in t he  ch icken  i leum (Table).  T he  resul t s  i nd i ca t e  t h a t  the  
r e p l a c e m e n t  of Na+ b y  chol ine  ca t ion  in t he  p r e i n c n b a -  
t i on  so lu t ion  s ign i f i can t ly  decreased V and  increased  K.m. 
I n c u b a t i o n  in the  absence  of N a  + led to a f u r t h e r  signif- 
i c an t  decrease  in V w i t h  no f u r t h e r  change  in K~.  An  
ob jec t ive ,  p roper ly  we igh ted  ana lys i s  is essen t ia l  for all  

d a t a  if t he  c o n s t a n t s  are to  be  c o m p a r e d  s ta t i s t ica l ly .  
This  compar i son  requi res  an  e s t ima te  of t he  va r i ance  of 
t he  c o n s t a n t s ;  these  va r i ances  c a n n o t  be  e s t ima ted  b y  
s imple  g raph ica l  me thods .  

8 p. Jr{. BVRRILI,, P. A. SATTELMEYER and J .  LERNER, Bioehim, 
biophys.  Ac ta  373, 265 (1974}. 
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Summary. The  p re sen t  p a p e r  r epor t s  t he  f i rs t  ev idence  t h a t  homoca rnos ine -ca rnos ine  s y n t h e t a s e  f rom r a t  b r a in  requi res  
free su l fhyd ry l  groups  for  ac t iv i ty .  The  a c t i v i t y  of t he  s y n t h e t a s e  can  be  s tabi l ized b y  d i t h i o e r y t h r i t o l  and  i nh ib i t ed  
s t r o n g l y  b y  Cu 2+, Cd 2+, Hg 2+, Zn  2+, and  to a lesser e x t e n t  b y  Ca 2+, Ni  2+, Li, ch lorpromazine ,  a - m e t h y l  D O P A  and  nor-  
e p i n e p h r i n e  a t  the  c o n c e n t r a t i o n s  tes ted .  

T h e  L-h i s t id ine -con ta in ing  d ipep t ides  ca rnos ine  (/J- 
a lanyl-L-his t id ine)  and  h o m o c a r n o s i n e  ( 7 - am i nobu ty ry l -  
L-hist idine)  are found  in exc i t ab le  tissue. Carnos ine  was 
f i rs t  d i scovered  in muscle  in  1900 b y  GULEWITSCH and  
AMIRADZlBI 8. In  1962 ABRAHAM et  al.a found  h o m o c a r n o -  
sine a n d  smal l  a m o u n t s  of ca rnos ine  in t he  b ra ins  of m a n  
and  severa l  o the r  m a m m a l i a n  species. A l t h o u g h  re l a t ive ly  
l i t t le  is k n o w n  a b o u t  t h e  biological  roles of these  two  
d ipep t ides ,  r ecen t  s tud ies  5-7 sugges ted  t h a t  t h e y  m a y  
h a v e  un ique  func t ions  in  t he  cen t r a l  ne r vous  s y s t e m  
(CN S). H o m o c a r n o s i n e - c a r n o s i n e  s y n t h e t a s e  ca ta lyzes  t he  
f o r m a t i o n s  of ca rnos ine  ~rom fi-alanine and  his t id ine ,  a n d  
of h o m o c a r n o s i n e  f rom G A B A  a n d  his t id ine .  I t s  i sola t ion 
a n d  p a r t i a l  pu r i f i ca t ion  f rom rag b r a i n  h a v e  been  r epo r t ed  
b y  SKAVF~R e t  al. s. However ,  i n s t a b i l i t y  of t he  enzyme  
has  h i n d e r e d  f u r t h e r  pur i f ica t ion .  T he  purpose  of t h e  
p r e s e n t  s t u d y  was to i nves t i ga t e  t he  effects of va r ious  
a g e n t s  on t he  e n y z m e  in order  to  s tabi l ize  i t s  ac t iv i ty .  
F u r t h e r m o r e ,  in v iew of t he  f indings  g, 1~ t h a t  ce r t a in  

d rugs  lowered levels of h o m o c a r n o s i n e  and  ca rnos ine  in 
r a t  b r a i n  in vivo,  several  CNS agen ts  were t e s t ed  in t he  
p re sen t  s tudy .  
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