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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 

839 

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}. 

T h e  Ef fec t s  of V a r i o u s  A g e n t s  in  v i t r o  on  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  f r o m  Rat  B r a i n  ~ 
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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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Materials and method. L-~ring-2-14C]histidine (specific 
ac t iv i ty ,  55 mCi/mmol)  was purchased  f rom Amersham-  
Searle (Des Plaines,  Illinois). Chlorpromazine  was ob- 
t a ined  f rom Smith ,  Klein and F rench  Lab  (Philadelphia,  
Pennsylvania) .  Other  drugs were purchased  f rom Sigma 
Chemical  C om pany  (St. Louis, MisSouri). All o ther  
chemicals  were reagent  grade.  5-week-old, male ra ts  of 
Sprague-Dawtey  s t ra in  were used. E n z y m e  p repa ra t ion  
and  assay were carried out  essent ial ly  as descr ibed by  
SKM~ER et  al. 8. R a t  bra ins  were homogenized  in ice-cold 
Tris-HC1 or N a - K  p h o s p h a t e  buffer  (10 mM, p H  7.4) 
con ta in ing  50 m M  NaHCO~ and  31 m M  D-glucose. 
Homogena t e s  were cent r i fuged at  100,000 g for l h. 
The s u p e r n a t a n t  fluids were immed ia t e ly  shell-frozen and 
lyophil ized.  The lyophil ized powder  was dissolved in 
disti l led wa te r  and  b rough t  to 30% sa tu ra t ion  in am- 
mon ium sulfate by  addi t ion  of solid a m m o n i u m  sulfate.  
Af te r  cent r i fuging at  10,000 g for 15 min,  t he  pel le t  was  
suspended  in Tris-HC1 or N a - K  p h o s p h a t e  buffer  (10 raM, 
p H  7.4) and served as the  source of enzyme to be assayed.  
In  add i t ion  to  t he  enzyme solution,  the  assay mix tu re  
con ta ined  the  assay m e d i u m  (4 m M  ATP,  4 m M  MgC12, 
0.2 m M  NAD,  32 m M  sodium b icarbona te  and 20 m M  
D-glucose), 10 m;V/fi-alanine or GABA, 1 p.Ci of [14C]histi- 

Table I. Activity of homocarnosine-carnosine synthetase before and 
after storage 

Reagent added Enzyme activity when 
assayed 
Immediately After 24 h 
(%) (%) 

None (control) 100 
+ Holnocarnosine sulfate (9 x 10 -4 M)  96 
+ CPZ (1 • 10 --~ M) + assay medimn + 

fi-alanine (65410 a M) 170 
+ fi-Mercaptoethanol (2 • 10 3 M) 215 
+ DTE (1.5 x 10 -a M) 204 
+ DTT (1.5 • 10 a M) 191 
+ AET (1.5 • 1.0 --3 M) 117 
q- PCMB (1.5 • 10 -5 M) 13 
+ Iodoacetamide (3 X 10 3 M) 18 

16 
46 

198 
24 

239 

Carnosine synthesis was determined in duplicate runs with the en- 
zyme solution immediately after preparation, and after storing for 
24 h at 0-4~ with substances indicated: Assay medium mhms 
whatever components present in the storing mixture was added after 
storage and before assaying. 

Table II. Effects of inorganic cations on the activity of homocarno- 
sine-earnosine synthetase 

Compound added Control activity (%) 

Carnosine synthesis Homocarnosine syntl~esis 

None (control) 100 100 
LiC1 76 46 
NiSO 4 43 53 
CaC12 31 6 
CuSO 4 0 4 
CdSO a 0 2 
HgCI~ 1 0 
ZnSO a 0 2 

dine  and  specified concen t ra t ion  of reagen t  t e s t ed  in 
Trfs-HC1 or N a - K  p h o s p h a t e  buffer  (10 raM, p H  7.4). In  
subsequen t  s tudies  wi th  inorganic ca t ions  and CN S agents ,  
50 m M  Tris-HC1 buffer  was used. In  addi t ion,  5 InM of 
d i th ioe ry th r i to l  (DTE) was included in homogeniz ing  
bra in  t issue and in dissolving lyophil ized powder .  Also, 
sodium b ica rbona te  and  D-glucose were omi t t ed  in the  
assay  medium.  

U n d e r  the  condi t ions  descr ibed above, the  enzymat i c  
reac t ion  was allowed to proceed for 52 min. The d ipep t ide  
syn thes ized  was sepa ra ted  by  paper  e lectrophoresis  and 
its r ad ioac t iv i ty  was de t e rmined  by  liquid scint i l la t ion 
coun t ing  technique .  

Results and discussion. The homocarnos ine-carnos ine  
s y n t h e t a s e  f rom ra t  b ra in  is appa ren t l y  uns tab le  upon  
storage.  As shown in Table  I, only  16% of the  contro l  
ac t iv i ty  remained  24 h af ter  the  enzyme was prepared .  
In  th is  inves t igat ion,  a low concen t ra t ion  (9 • 10-'~ M) 
of homocarnos ine  sulfate  did no t  seem to s t imula te  or 
stabil ize the  enzyme.  The addi t ion  of the  assay m e d i u m  
prior  to s torage appeared  to have  sl ight ly grea ter  effect  
on stabi l izing the  enzyme.  And,  th is  effect  was s l ight ly  
increased by  /3-alanine. At  low concen t ra t ion  (10 .5 M), 
chlorpromazine  (CPZ) failed to s t imula te  or stabil ize the  
enzyme.  However ,  a t  a h igher  concen t ra t ion  (10 -4 M), 
ehlorpromazine  s ignif icant ly  s t imula ted  the  enzyme 
ac t iv i ty  when  assayed immedia te ly  af ter  the enzyme  was 
prepared ,  and appeared  to stabil ize the  enzyme to  some 
exten t .  

NaHCO3, D-glucose, MgC12, A T P  and NAD are the  5 
componen t s  in the  assay medium.  Combina t ions  of chlor- 
p romaz ine  wi th  each one yie lded s ignif icant  s tabi l izat ion,  
w i th  the  except ion  of NaHCOa, p ro b ab l y  due to  the  p H  
difference in the  absence of o ther  componen t s  normal ly  
p re sen t  ill the  assay. S tor ing the bra in  enzyme in chlor- 
p romaz ine  wi th  the  assay med i u m conta in ing  all 5 conl- 
ponen t s  resul ted in more  act iv i ty .  If  fl-alanine was added,  
in addi t ion  to the  assay med i u m and  chlorpromazine ,  
even  more  ac t iv i ty  was ob ta ined  af ter  storing. 

The ins tab i l i ty  of the  enzyme ac t iv i ty  led us to specula te  
t h a t  free su l fhydry l  groups  m a y  be involved in the  enzyme 
act iv i ty .  Therefore,  several  su l fhydry l  reagents  were also 
t e s t ed  in th is  s tudy.  /%Mercaptoethanol  s t imula ted  tile 
enzyme  ac t iv i ty  b u t  failed to  stabil ize it dur ing storage.  
Such inac t iva t ion  m a y  be due to  fo rmat ion  of mixed  
disulfide bonds  be tween  enzyme su l fhydry l  groups and 
f l -mercaptoe thanol  n.  In  view of th is  finding, d i th ioery-  
th r i to l  (DTE) and d i th io thre i to l  (DTT) were tested.  In  the  
presence  of DTE,  the  enzyme ac t iv i ty  was s t imula ted  
2-fold and  th is  level of ac t iv i ty  did no t  decrease af ter  
s torage of the  enzyme for 24 h. D T E  was also capable  of 
r eac t iva t ing  the  enzyme if added  af ter  s torage and  r igh t  
before assay. 2 -Aminoe thy l i so th iouron ium bromide  
h y d r o b r o m i d e  (AET), also a su l fhydry l  reagent ,  had  no 
s ignif icant  effect  on the  enzyme when  assayed immed ia t e ly  
a f te r  p repara t ion .  The invo lvemen t  of su l fhydryl  groups 
in the  enzyme was fu r the r  sugges ted  by  the  f inding t h a t  
b o t h  p -ch loromercur ibenzoa te  (PCMB) and iodoace tamide  
s t rong ly  inhib i ted  the  enzyme act iv i ty .  We also no ted  t h a t  
a f ter  PCMB inhibi t ion,  the  enzyme could be r eac t iva ted  
by  incuba t ion  wi th  DTE.  Capital izing on this  observat ion,  
i t  m a y  be possible to faci l i tate  the  pur i f icat ion of th is  
enzyme using aff in i ty  c h r o m a t o g r a p h y  wi th  /~-chloro- 
mercur ia l  subs t i t u t ed  sepharose.  

In  order  to compare  the  syn the t a se  wi th  o ther  sulf- 
h y d ry l  enzymes,  t he  effects  of several  inorganic ca t ions  
were s tudied.  As seen in Table II,  homocarnos ine-carnos i -  

Final concentration of the compounds was 0.1 mM. Results are means 
of 2 determinations. 11 M. ORLO~rSKI and A. MEISTER, J. biol. Chem. 2d6, 7095 (1971). 
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ne syn the t a se  f rom ra t  bra in  is h ighly  sensi t ive to  h e a v y  
meta l  ions. Cu 2+, Cd z+, Hg  ~+ and Zn 2 ~-completely inh ib i ted  
the  enzymat i c  synthes is  of carnosine and homocarnos ine .  
This charac ter i s t ic  p r o p e r t y  resembles  t h a t  of su l fhydry l  
enzymes,  e.g, bra in  L-glutamate  decarboxylase  ~2. 0.1 m M  
of Li+, Ni2+ and  Ca z+ also inhib i ted  the  enzyme bu t  to a 
lesser ex ten t .  

Among  the  CNS agents  t es ted  a t  1 m M ,  norepinephr ine ,  
a -methy l  D O P A  and ch lorpromazine  appeared  to inh ib i t  
the  enzyme a p p r o x i m a t e l y  50% while hydroxy lamine ,  
epinephrine,  dopamine  and D O P A  had  no s ignif icant  
effect. In  our earlier s t u d y  ~a, the  enzyme was p repa red  in 
the  absence of d i th ioe ry th r i to l  and we found t h a t  1.5 m M  
of hydroxy lamine ,  a -me thy l '  DOPA,  dopamine,  norepi-  
nephr ine  and ep inephr ine  inhib i ted  the  enzyme ac t iv i ty  
44% or grea te r  while D O P A  had  no effect. The inhib i t ion  
by  hydroxy lamine ,  ep inephr ine  and  dopamine  observed 
previous ly  m a y  be involved wi th  the  avai labi l i ty  of free 

su l fhydry l  groups on the  enzyme since the  enzyme ac t iv i ty  
is ve ry  labile in the  absence  of a su l fhydry l  reagent .  Chlor- 
promazine ,  a l though s t imu la to ry  a t  low concen t ra t ion  
(10 -4 M) in earlier s tudy,  inhib i ted  the  enzyme 45% at  
10 -a M. These con t r ad i c to ry  effects  have  also been  re- 
por t ed  in o ther  enzyme sys tems,  e.g., the  mi tochondr ia l  
ATPase  is s t imula ted  by  ch lorpromazine  below I • 10 -~ M 
b u t  is inhib i ted  by  ch lorpromazine  above 1 x 10 4 M14. 
Our p resen t  f inding t h a t  ch lorpromazine  is capable  of 
inhib i t ing  the  syn the t a se  in vi t ro  m a y  explain  the  in vivo 
f inding by  MARSHALL 1~ t h a t  ch lorpromazine  lowered the  
levels of carnosine and homocarnos ine  in ra t  bra in  b u t  had  
no effect  on the level of hist idine.  

12 j . y .  Wu and E. ROBERTS, J. Neurochem. 23, 759 (1974). 
la R. H. No and F. D. MARSHALL, Trans. Am. Soc. Neurochem. 5, 

170 (1974). 
]4 H. L6w, Biochim. biophys. Aeta 82, 11 (1959). 
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9 January 1976. 

Summary.  Quan t i t a t i ve  and qua l i ta t ive  differences in auxin-oxidases  ex t rac ted  f rom aux in -dependen t  (S) or auxin- 
i ndependen t  (MB) sycamore  cells were analyzed.  MB auxin-oxidases  have  a h igher  act ivi ty ,  bu t  the  molecular  weigh t  
of th is  enzymat i c  complex  is lowered by  freeze-drying,  w i t h o u t  loss of the  act iv i ty .  Correlat ions wi th  auxin- indepen-  
dence are discussed in th is  contex t .  

Cul tured sycamore  t issues are represen ted  by  2 strains,  
an a u x i n - i n d e p e n d e n t  pheno typ ic  var ian t  (MB) 1 and  the  
original a u x i n - d e p e n d e n t  s t ra in  (S) ~. This auxin- in-  
dependence  migh t  be a t  least  expla ined by  2 hypo theses  : 
1. the  a m o u n t  of 3-indolyl-acetic acid (IAA) synthes ized  
via t r y p t o p h a n  is h igher  in MB t h a n  in S ; 2. the  inact iva-  
t ion of IAA by  enzyme sys tems  is lower in MB t h a n  in S. 
The first  exp lana t ion  was in fact  no t  t rue ;  as previous ly  
demons t ra ted3 ,  b o t h  s t ra ins  producing  a similar level of 
IAA af te r  incuba t ion  wi th  labelled t r y p t o p h a n .  The aim 
of t he  p re sen t  paper  was to t e s t  the  last  hypothes is ,  
ana lyz ing  the  a m o u n t  of IAA des t royed  in vi t ro  by  ex- 
t r ac t s  of t issues f rom bo th  s t ra ins  (S and MB). 

P re l iminary  expe r imen t s  indica ted  t h a t  crude ex t rac t s  
did no t  des t roy  IAA, even when  cofactors  such as MnCI~ 
and 2, 4-dichlorophenoH, 5 were added.  The t issues prob-  
ably  conta ined  endogenous  inhibi tors  l ibera ted during 

] A. M. LESCURB and C. PEAuB-LENoEL, C, r. Acad. Sci., Paris 255, 
J803 (1967). 
D. T. A. LAMPORT and D. H. NORTHeOTE, Nature, Lond. 188, 665 
(t960). 

8 A. M. I.ESCURE, Soe. bot. fr. M6moires 1970, 353 (1970). 
4 p. E. PILET, Experientia 13, 35 (1957). 

R. Fox and W. K. Pu~vEs, PlaI)t Physiol. d3, 454 (1968). 
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Fig. 1. Elution patterns of G 25 pre- 
purified extracts from 5 g fresh (A) 
or 500 mg freeze-dried (B) strain MB 
tissues on Sephadex G 100. Fraction 
volume : 4.2 ml. Elution speed : 24 ml/h, 
temp.: 4~ ~ 0.5. Open circles, pro- 
teins; plain circles, optical density; 
squares, IAA destroyed. 


