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S U M M A R Y  

VL-~-Fluoro-fl-alanine was found to be modera te ly  toxic to rats ,  mice and chicks. 
The toxici ty  was reduced by  the  s imul taneous  adminis t ra t ion of aminooxyacet ic  
acid. Following injection of the  fluoroamino acid into rats ,  a considerable proport ion 
of the una l te red  compound was recovered in the  tissues and  urine. The  fluoro-analog 
was not  utilized for t r ansamina t ion  by  a l iver-enzyme preparat ion.  I t  was a fairly 
good subs t ra te  for carnosine syn the tase  in  vitro, bu t  was poorly incorporated into 
skeletal  muscle dipept ides in r a t s  and  chicks. 

The  ~-fluoro-fl-alanin e was not  act ive for pan to then ic  acid syn the tase  of Escheri-  
chia coll. I t  suppor ted  growth of a f l-alanine-dependent s t ra in  of Saccharomyces 
c6revisiae only when used a t  high concentrat ions.  By employing fluoro-[aH]fl-alanine 
under  these conditions,  it was possible to demons t ra te  labeling in the  coenz),-me A 
fraction of yeast .  

INTRODUCTION 

fl-Alanine is formed in animal  tissues from the catabolism of dihydrouraciP,  and  it 
par t ic ipa tes  in t r ansamina t ion  (or deaminat ion)  reactions in mammal ian  cells 2 and in 
microorganisms3, 4. The  biosynthesis of the  fl-alanyl dipeptides,  carnosine and  an- 
serine, by  enzymes of ver tebra te  muscle has  been invest igated s-~, while the mode of 
format ion of panto thenic  acid from fl-ala..ine and  pantoic  acid has  been examined 
wi th  an enzyme from Escherichia coli 8. 

In  connection wi th  studies on organic fluorine compounds 9, it appeared of in- 
te res t  to  synthesize an analog of fl-alanine, wi th  a fluorine a tom subs t i tu ted  for hy-  
drogen on the  ~-carbon position 1°, and  to explore the behavior  ~nd metabol ism of this  
compound in animals.  Also, the  possible uti l izat ion of DL-~-fluoro-fl-alanine for 
CoA synthesis  was invest igated in yeast.  In  addit ion,  the  analog was t ~ t e d  -,~th 
three  of the  enzyme systerns concerned wi th  the  metabolism of fl-alanine: carnosine 
synthetase ,  pan to thena t e  syn the tase  and a t ransaminase.  In  some of the  exper iments ,  
the  t r i t ium-labeled fiuoro compound was employed. 
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MATERIALS AND METHODS 

Enzymes and their assay 

Carnosine synthetase was an ethanol-precipitated protein fraction from chicken 
pectoral muscleS. - The assay employed [x-14C]histidine, non-isotopic fl-amino acid, 
Mg 2+ and ATP. 

Pantothenate  synthetase was prepared from E. coli cells by NOVELLI'S method s, 
but  carried only to the stage of dialyzing the buffer-extracted acetone powder. His 
method of assay was modified as follows" The E-amino acid was used in rad ioac t ive  
form in the reaction mixture. At the end of the incubation, 4 volumes of ethanol were 
added, and ' the  precipitated protein removed by centrifugation. Suitable aliquots of 
the supernatant  solution were subjected to chromatography on Whatman  No. i 
paper, with n-butanol -88  % formic ac id-  H20 (75 : x5: IO) as solvent. R•'s were: 
fl-alanine, o.22; ~-fluoro-~-alanine, o.08; D-pantothenic acid, 0.65. The latter substance 
was eluted from the developed chromatogram with water, and its isotopic content 
determined. 

The source of transaminase was an acetone powder prepared from fresh rat  
liver, x g powder was suspended in ~o ml of o.o5 M phospha te -o .o5  M Tris ( i : I )  
(pH 8.i). The suspension was dialyzed for 2 h at o ° against this buffer. Enzyme 
activity was measured by the method of ROBERTS AND BREGOFF 2, except tha t  isotopic 
~-ketoglutaric acid was employed in the incubation mixture, together with a non- 
labeled fl-amino acid and pyridoxal phosphate. Protein-free filtrates of the reaction 
mixtures were prepared as in the assay for pantothenic acid synthesis. For  paper 
chromatographic separation of the glutamic acid formed, the solvent system water- 
saturated butanol - formic  acid (95:5) was used. R f s  were: a-ketoglutaric acid, 
o.55; glutamic acid, o.i  7. The results were corrected for endogenous transamination 
(in the absence of added E-amino acid). 

Biochemicals 

CoA was pax-chased from Sigma Chemical Co., St. Louis (U.S.A.); aminooxy- 
acetic acid hemihydrochloride from Distillation Products Industries, Rochester, 
(U.S.A.) ; and pantoyl lactone from Mann Research Laboratories, New York (U.S.A.) ; 
the latter compound was converted to pantoic acid by mild acid hydrolysis. 

Radioactive amino acids 

~_-[5-1~C~Kctoglutai-ic acid (2.7 mC/mmole) was purchased from California 
Corporation for Biochemical Research, Los Angeles (U.S.A.). [x-l'C]B-Alanine Was 
a preparation previously synthesized n. DL-a-Fluoro-~-alaninO 0 was tr i t iated by the 
WILZBACH technique ~z, and after exchanging labile positions, the amino acid was 
purified by double paper chromatography, first with p y r i d i n e - n - b u t a n o l - H 2 0  
(I:  I : I), and subsequently with n-butanol-acet ic  ac id -HtO  (75:15: IO). i ts  specific 
radioactivity was approx, o.Iz mC/mmole. 

Ivleasurement of radioactivity 

Analysis for ~4C was performed by counting samples on metal planchets in a 
flow-gas Geiger counter with an ultrathin window. When necessary, values were 
corrected for self-absorption. In the case of tritium, samples of negligible mass were 
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counted on planchets  in a windowless flow-gas counter,  while larger quant i t ies  of 
mater ia l  were measured in a liquid scintillation counter.  For  these dete.~ninations, 
BRAY'S mixture  was used 13. 

Analysis of animal tissues 
,t-Fluoro-[3H]fl-alanine was injected in t raper i toneal ly  into animals in specified 

dosages. After  sacrifice, the  corresponding tissues of each group of animals were 
pooled and  t r ea ted  as follows: 

For  to ta l  SH content ,  samples were homogenized with 80 % dioxane. I-m! 
al iquots of the  homogenates  were added to  12 ml of the  pnosphor  mixture .  

For  chromatographic  analysis of extracts ,  port ions of the  pooled tissues were 
homogenized wi th  9 pa r t s  of 5 $/o trichloroacetic acid. After  centrifuging, the  super- 
n a t a n t  solutions were ex t rac ted  3 t imes wi th  an equal  volume of e ther  (to remove the  
tr ichloroacetic acid), and  then  concent ra ted  to o.1 the  original volume. Suitable 
quant i t ies  of these concentra tes  were ch romatogrammed  on paper,  wi th  the  solvent 
sys tem n - p r o p a n o l - N H t O H - H ~ O  (6:3:x)  (see ref. 14). This me thod  does not  dis- 
t inguish between fluoroacetic acid (Re o.6z) and fluoro-~l-alanine (R e o.64), bu t  
permi ts  the  separat ion of fluorocitrie acid (R~, 0.24) as a sharp  region. The  desired 
sections of the  chromatograms  were eluted with  wate r  and  dried on planchets  for 
counting.  

Analysis of urine 
Small  afiquots of the urine, collected from rats ,  were dried on planchets  for deter-  

mina t ion  of to ta l  *H. Other  samples were chromatogrammed,  as described above. 

Isolation of muscle dipeptides 

A 7o % e thanol  ex t rac t  of muscle was concent ra ted  to o.x its volume, and then  
added to a column of W h a t m a n  s tandard-grade  cellulose powder, equi l ibrated with 
nobu tano l -ace t i c  a c i d - H 2 0  (75:15: Io). After  washing the  column with this same 
solvent ( thereby removing all cons t i tuents  of the muscle ex t rac t  except  the  di- 
peptides),  the  carnosine plus anserine fraction was eluted wi th  p y r i d i n e - H 2 0  (2: I) as 
a single peak,  and  afiquots of the  e luate  were dried on planchets  for counting.  

Cultivation o/yeast 
Saccharomyces cerevisiae, ATCC 7752, was main ta ined  on nu t r ien t  agar  slants.  

Cell suspensions made  from the  s lants  were used to inoculate the  synthet ic  cul ture  
med ium 1~. The  la t t e r  was cu l t iva ted  in tes t  tubes  under  aerobic conditions, bu t  wi thout  
aerat ion,  usual ly  a t  2;0 °. Maximum growth occurred in 2-3 days. Wi th  ~-alanine 
SupFlementat ion under  op t imum circumstances,  this  growth corresponded to an 
absorbancy  reading of about  o.8 (Klet t  colorimeter) and  a yield of 1.6 g protein/l .  

In  some cases the  effect of a-fluoro-~-a!arfine was tested,  ei ther  alone, or toge ther  
wi th  /~-alanine in the  medium. In  o ther  experiments ,  in which [~'C]~-alanine was 
employed, the  cells were subsequent ly  centrifuged, and  washed 3 t imes wi th  water ,  
before count ing samples on planchets.  

Analysis of yeast grown in the presence of labeled fluoro-~-alanine 
The  cells were c a m e d  th rough  3 successive series of cul t ivat ions in media  con- 
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taining t mg fluoro-/3-alanine/ml. "without recourse to agar slants. This insured 
virtually complete elimination of endogenous ~-alanine (derived from the original 
inoculum). Ceils from the third stage were used to inoculate ro ml of medium con- 
taining 5 mg of fluoro-[SH]/3-alanine. After a 3-day cultivation period, the yeast was 
centrifuged and washed 3 times ~ t h  water. Small aliquots of the cells were used to 
measure the total 3H content. The remainder of the yeast was extracted twice with 
4 parts of ro % phenol ~6. The combined phenolic extracts were concentrated, and 
several aliquots~were analyzed as follows: (a) directly for total 3H, (b) hydrolyzed for 
4 h at xro ° in 4 N HC1, and subsequently chromatogrammed orL paper with bu t ano l -  
acetic a c i d - H  20, in order to determine aH in the total  fluoro-/~-alanine, (c) chromato- 
grammed without prior t reatment ,  in order to isolate free fluoro-/3-alanine, CoA, and 
other 3H-compounds. The solvent employed was e t h a n o l - N H 4 O H - H ~ O  (rS: r :r). 

Determination of LDso of fluoro-[f-alanine 
For each species studied, groups of animals (usually 5-6 individuals per group) 

were injected (I.P.) with a neutralized solution of the fluoro compound, at several 
closely spaced levels. The results are considered accurate within + Io %. 

R E S U L T S  

Toxicity of DL-~-fluoro-[J-alanine in animals 
Table I summarizes the findings with three species. Fluoropyruvic acid has 

approximately the same degree of toxicity as ~-fluoro-fl-alanine, i.e., they both have 
an LDs0 of 80 mg/kg in rats and micelL In contrast, fluoroaeetic acid with an LD6o 
of about 5-7 mg/kg in chickens and o . I -5  mg/kg in rats TM, and fluoro-acetoacetate 
with LDso = 2.5 mg/kg in rats TM, are far more potent compounds. 

In case of fluoro-fl-alanine, there were no immediate symptoms of distress in the 
animals. Disturbances (convulsions) were apparent  only after about z h. At, or 
slightly above the 5o % threshold level, death occurred within 2-4 h after administra- 
tion of the compound, or else the animals recovered without apparent  permanent 
injury. 

Another interesting finding was that  arr~nooxyacetic acid, H~N-O-CH2-COOH, 
afforded a marked degree of protection against the toxicity and lethal action of fluoro- 
/~-alanine in mice. Since the LDs0 of the former compound was found to be about 
4o-5o mg/kg, it was not used above half this level. It  may be seen (Table I) that  

T A B L E  I 

T O X I C I T Y  OF  F L U O R O - ~ - A L A N I N E  I N  B I R D S  A N D  M A M M A L S  

Compound(s) tested Species Number of Weightrange LDse 
animals (g) (mglkg) 

F l u o r o - f f - a l a n i n e  
F l u o r o - ~ - a l a n i n e  
F ! u o r o - f f - a l a n i n e  
F l u o r o - / ~ - a l a n i n e  + a m i n o o x y a c e t i c  a c i d "  

C h i c k s  20 5 5 - 6 0  85 
R a t s  (whi te )  t 2 9 2 - t o  x 90  
Mice  (whi te )  22 x3 -x8  t o o  
,Mice i 6  : 3 - x 5  > 250 

* U s e d  i n v a r i a b l y  a t  20 m g / k g ,  c a l c u l a t e d  a s  t h e  f ree  ac id .  T h e  t w o  n e u t r a l i z e d  a r n i n c  a c i d s  
w e r e  i n j e c t e d  t o g e t h e r .  
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a m i n o o x y a c e t i c  ac id  ra i sed  t h e  LDso of the  f luorooana log  to  a t  leas t  250 mg/kg .  The re  
was  no  no t iceab le  t o x i c i t y  a t  t he  zoo m g / k g  level, a n d  no  fa ta l i t ies  a t  25o mg,  in t h e  
p resence  of t h e  o x y  c o m p o u n d .  

I t  m a y  be  m e n t i o n e d  t h a t  t h e  in jec t ion  of large q u a n t i t i e s  of py r idoxa !  phos2~hate 
(xoo-2oo mg/kg)  in chicks  fai led to  ove rcome  or  p r e v e n t  t he  tox ic  act:_on of flm~ro-fl- 
a l an ine  (da t a  no t  included) .  

Elimination of tritium in urine of rats 

T h e  fiuoro a m i n o  acid  was  e l imina t ed  a t  a m o d e r a t e  r a t e  f rom t h e  a n i m a l  body ,  
as j u d g e d  b y  t h e  aH a p p e a r i n g  in t h e  urine.  S o m e  56 % of t h e  i so tope  was  recovered  in 
less t h a n  th ree  d a y s  (Table  I I) .  I n  e x p e r i m e n t s  w i t h  [z- t4C]fluoroacetate ,  32 % of t h e  
~*C w a s  r ecove red  in t h e  ur ine  of r a t s  in four  d a y s  14. 

C h r o m a t o g r a p h i c  ana lys i s  of the  5-h ur ine  of T a b l e  I i  r evea led  t h a t  88 % of t he  
SH was  in  a n a r r o w  region (RF o.62-o.65) co r r e spond ing  to  f luoro-~-alanine.  I t  m u s t  
be  p o i n t e d  ou t  t h a t  f luoroace ta te  wou ld  h a v e  the  s ame  RF (see ref. 14). However ,  no  
app rec i ab l e  labe l ing  was  found  in t h e  f luoroc i t ra te  zone (RF o.21-o.25),  no r  e lsewhere  
a long  t h e  paper .  In  v iew of t h e  re la t ive  vo la t i l i t y  of f luoroacet ic  ac id  u n d e r  t h e  con- 
d i t ions  employed ,  i ts  de tec t ion  wou ld  h a v e  been  difficult  in  a n y  case. Resu l t s  qu i t e  
c o m p a r a b l e  to  those  in T a b l e  I I I  were  o b t a i n e d  wi th  a di f ferent  solvent"  wa te r -  
s a t u r a t e d  n - b u t a n o l - f o r m i c  acid  (95"5)- GAL a n d  coworkers  14 found  tha t ,  fol lowing 
a d m i n i s t r a t i o n  of [2-~4C~fluoroacetic acid,  more  t h a n  ha l f  of t h e  u r i n a r y  x4C was due  
to  f luo roace ta t e  ( s team-vola t i le ) ,  while less t h a n  xo % r e p r e s e n t e d  f luoroci t ra te .  

T A B L E  I I  

RECOVERY OF RADIOACTIVIq~Y FROM THE URINE, FOLLOWING ADMINISTRATION OF 
FLUORO-[ttH~'~-ALANINE TO RATS 

T h e  y o u n g  a n i m a l s  ( a v e r a g e  w e i g h t ,  I 18  g) w e r e  e a c h  i n j e c t e d  ( I . e . )  w i t h  1 5  m g  of  f l u o r o -  
[ n H l ~ - a l a n i n e .  T h e  p o o l e d  u r i n e  w a s  c o l l e c t e d .  

T i m e  e lapsed  ( h )  5 L8 30  ,t2 68 
I s o t o p e  r e c o v e r e d  ( % )  4o  xo.5 2 .9  1.8 1.2 

T A B L E  I I I  

TRITIUM CONTENT OF CERTAIN ORGANS OF THE RAT, 
FOLLOWING INJECTION OF FLUORO-[3H~#-ALANINE 

R a t s  w e i g h i n g  lOO--lO5 g w e r e  e a c h  g i v e n  1.5 m g  of  l a b e l e d  a m i n o  a c i d .  T w o  a n i m a l s  w e r e  s a c r i f i c e d  
a t  e a c h  t i m e  i n t e r v a l .  

PercoJt of aH reco~eredi~ fresh tissue. 
T inte 
(h) Intestine Kidney Liver Skeletal muscle 

4 3 .95  z 60 2 .05  0 . 7 6  
2o 0 . 4 9  o .35  o . 1 4  
40 0 . 2 9  0.22  O.12 
66  0 .24  0.I6 O.II 

Distribution of tritium in body tissues 

A t  4 h a f te r  in jec t ion  of fluoro-[~'H~fi-alanine : -  - .~^  : ~ . o - . : ~ ,  
t h e  h ighes t  3H c o n c e n t r a t i o n  of t h e  t issues  tes ted ,  fol lowed b y  k i d n e y  a n d  liver,  
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while skeletal muscle was considerably lower (Table I lI) .  In  the  stt~lyH with  [z-x'C] - 
fluoroacetate at  4 h the highest level of isotope was found in brain, followed b y  heart,  
liver and kidney, while~ intestine had somewhat lower act ivi ty than  these organs. 
I t  may be seen in Table I I I  that  significant concentrations of radieaxafivity were still 
present in tissues after 2-3 days. 

Chromatography of tissue extracts 
Using the solvent system n - p r o p a n o l - N H t O H - H z O  with samples of rat  tissues 

from 4-h experiments, a well-defined radioactive region was [onnd on paper  chro- 
matograms, corresponding to the RF of fluoro-/3ralanine. This ~ ~ i ~ y  accounted 
for 7 I% of the aH in liver, and 84% of tha t  in intestine. Insignificant h heling was 
present in the fluorocitrate region. 

Labeling in muscle dipcptides 

Table I I I  showed that  after about 20 h, skeletal muscle lost its tmmaimh~ radio- 
activity rather slowly. Carnosine and anserine are known to  have a ltmg lmlf-life in 
muscle H, and it was of interest to determine whether the ~ ~ content 
reflected the incorporation of fluoro-[ZH]fl-alanine into these ~ Elo~n~ver, 
analysis revealed (Table IV) tha t  the fluoro analog was rat  k~r lmmfly ~ for  this 
purpose in rats and chicks. I t  can be estimated tha t  tess than  I[[5 of the ~ t  of rat  
skeletal muscle represented dipeptides after one day. Table IV shows tlkat isotopic 
/3-alanine was incorporated approx. 9 times more extensivdy tlmm ~ in 

T A B L E  I V  

COMPARISON OF FLUORO-p-ALANINE ~ -~ '~  
~-ALANIlqE AS PRECURSOR OF MUSCLE ]~ I~ '~ .~ '~ .~  

G r o u p s  o f  2 c h i c k s  (50 g b o d y  ;','~igllt) a n d  2 y o u n g  r a t s  ( 6 o - 7 0  g) ~ i n j ~ d ~ e ~ r  [ I - l ~  - 
a l a n h , e  o r  f l u o r o - [ a H ] f l - a l a n i n e  a t  a l eve l  of  3o  m g / k g .  T h e  axxixnals ~ ~ a f t e r  z4  h .  

inco,yorat/~ .of ~ o / w  
i n t o ~  

Tissue dos~l £ ~#~J¢) 

With ~r~ak 
[ "c  Jp.adani~ [~gl~ 

C h i c k  p e c t o r a l  m u s c l e  0 .30  
R a t  g a s t r o c n e m i o u s  m u s c l e  o . z I  

0 . 0 1 ~  

both species. However, this comparison does not take into a ~ m n l t  pesm'ble differ- 
ences in metabolic behavior of the D- and L- forms of the f l ~  ¢omlmund- Attempts  
to favorably influence the incorporation of radioactive f l ~ b ~ i m e  into carnosine 
peptides by the simultaneous administration of a m i n o o ~  amid to  mioe were 
unsuccessful (data not shown). 

Utilization of fluoro-~-alanine by yeast 

Fig. _r shows tha t  the fiuoro analog was less than  x% as e f f ~  as ~-alanine in 
supporting growth of S. cerevisiae. Even at a level of xoo ~gIL  ~l~,,-',,m growth was 
not achieved with the fluoro-amino acid. 
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It  was found (Fig. ~) that  fairly high concentrations of the analog inhibited 
neither the utilization of/3-alanine for growth, nor the incorporation of ~4C]~-alanine 
into yeast cells. The maximum radioactivity attained corresponds to the uptake of 
65 % of the labeled amino acid added to the medium. Analysis of an acid hydrolysate 
of the cells showed that  over 90% of the ~ac was in the form of fl-alanine. 

Attempts  to adapt  S. cerevisiae to fluoro-~-alanine by prolonged cultivation in 
media containing high concentrations of this amino acid were not successful. After 
three successive 3-day cultivations in media containing z mg fluoro-/~-alanine/ml, 

8b ,~o 

O.4 

ao 40 do 
E t=- i$- Atonlne (rncj/t rnea~uml 

~ 0°,4 
-g q 
"~0.2  
i,- 

01 i i | t 
Ct2 0.4 0.6 0.8 1.0 

~-Ak~i r~  (r'ng/t rnecliurn) 

Fig. x. Compar i son  of fluoro-/~-alanine with 
/~-alanine in p r o m o t i n g  g rowth  of S. cerevisiae. 
Cul t iva t ion  t i m e :  O - - O ,  28 h;  LX--LX, 4c h; 

rq ~ . . ~ ,  5 6 h .  

0 . 9  ! 

o.~ 

0 

~E 

i ,E "~ 

]o ;° 
taZ.I 

10 20 30 4 0  
Hours of cult;votk:)n (32 °) 

Fig. 2. Uti l izat ion of /~-alanine by yeas t  cells 
in t he  presence of fluoro-~-alanine. O - - O ,  
0.9 m g  [~4C]fl-alanine/l; ~ - - ~ ,  z m g  {non- 
labeled) /3-alanine/l; LX--A,  0.9 m g  :~HC~fl- 
a lanine + 30 m g  fluoro-~-alanine/l.  D - - O ,  
no E-amino acids added  (control}. Open symbols ,  

absorbancy.  Solid symbols,  rad ioact iv i ty .  

the yeast cells showed no change in sensitivity to low concentrations of this amino 
acid. However, by using a high level of all-labeled fluoro derivative, it was possible 
to introduce considerable isotope into yeast cells (Table V). The latter took up 6.8 mg 
of fluoro compound]l of medium in 3 days. Of this radioactivity, 70 o, _ io was extracted 
by aqueous phenol, 3% appeared to be in protein combination (washed trichloro- 
acetic acid precipitate), and 97 % was unaccounted for. Approximately 91% of the 
*H in the phenolic extract was recovered as fluoro-fl-alanine, following hydrolysis 
with strong acid. This compound could be easily distinguished chromatographically 
from fl-alanine. Direct chromatography of the (unhydrolyzed) extract (Fig. 3) showed 
tha t  the isotope was largely distributed among three major fractions: CoA (36%), 
free fluoro-#-alanine {z7% ), and a component (14%) whose chromatographic proper- 
ties closely resembled those of pantothenic acid. Results similar to those in Fig. 3 were 
obtained with a different solvent system, butanol- formic  acid-HeO (75: I5: zo). 
I t  must  be emphasized that  this present evidence for the inco .rporation of fluoro-fl- 
alanine into Co.& and pantothenic acid is still of a tentative character. 

Enzyme systems involving fluoro-[3-Manine 
I t  was found (Fig. 4) that  carnosine synthetase of muscle utilized the DL-fluoro- 

Biochim. Biophys.  ,qcta, 69 (~963) 48-58 
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zw a equivalent amount of /3-alanine. This result is 
ain other p-alanine analogs, such as y-amino 

that the substrate specificity requirknents of the 
experiments ilt viva, it is not known whether both 

derivative -were substrates for dipeptide syn- 

entrations of fluoro-&alanine partially inhibited 
mto pantothenic acid. The figures (marked with 

Concantmtion of p-amino acid (pWes/mi) 

Fig. 4. Comparison of Auoro$-alanine with 
B-alanine as substrates for camosine synthdase. 
0 - 0, @-alanine ; A - A, fluoro-/h&mine. 

TABLE V 

M!S&KYSIS OF fH-LABELED YEAST 

Cells were &h&a&&l Gxr 72 lh &D 10 Hcrj of med ium containing 6 mg fluoro-[SH~@-alanine (toll of 
P 8f5oooo countsfmin). 

21 800 
15 zoo 

e in acid hydrolysate 13 Boo 

7* 

TABLE VI 

LNE ON PANTOTHENIC ACID SYNTHESfS 

n-pantoic acid, 4 pmoles 11 -lXJfl-alanine, 20 pcmoks ATP, 
pmoles Tris buffer (pH 8.51, 0.2 ml enzyme. and specidied 
volume of I ml. The mixtures were incubated for 0.5 hat 37*. 
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TABLE VII 
RELATIVE TRANSAMINATION OF fl-ALANIIqE AND ~-FI.UOKO-~-ALA~I,~E 

Each tube contained 0. 3 ml liver-powder suspension, 4/.:moles ~5-14C]~-ketoglutaric acid, 16/xmoles • 
fl-amino acid, o.15 /,mole pyridoxal phosphate, and o.05 M Tris buffer (pH 8.1) to give a total  

volume of 0.5 ml. The mixtures were incubated at  37 °. 

l$-Amino acid employed 
Per  cent ol  :~C found  i n  glutamic 

acid 

o.sh xh x.5~ 

fl-Alanine 7.2 12.2 14. 3 
~-Fluoro-fl-alanine* - -  3-: - -  3-9 ~ 4.8 

* The negative values indicate the percentages by which the radioactivity was depressed below 
the endogenous level of transamination. 

a s t e r i sks )  on  t h e  e x t r e m e  f i g h t - h a n d  s ide of  t h e  t a b l e  i n d i c a t e  t h a t  f luoro-[SH]f l  - 
a l a n i n e  i t se l f  w a s  n o t  u t i l i z e d  a p p r e c i a b l y  b y  t h e  E.  coli e n z y m e .  

A n  a t t e m p t  t o  t r a n s a m i n a t e  [14C]ke tog lu ta r ic  ac id  w i t h  f luoro- f l -a lan ine  in  t h e  
p r e s e n c e  of  a l i ve r  p r e p a r a t i o n  w a s  u n s u c c e s s f u l  (Tab le  V I I ) .  f l -Alan ine  w a s  r e a s o n a b l y  
wel l  u t i l i z e d  u n d e r  t h e  s a m e  c o n d i t i o n s .  O t h e r  e x p e r i m e n t s  w i t h  h i g h e r  c o n c e n t r a t i o n s  
o f  t h e  f luoro  a n a l o g  g a v e  a d d e d  i n d i c a t i o n  t h a t  t h e  l a t t e r  c o m p o u n d  i n h i b i t e d  t h e  
t r a n s a m i n a t i o n  p rocess .  

DISCUSSION 

T h e  p r e s e n t  w o r k  re f lec t s  c e r t a i n  of  t h e  d i f f icul t ies  i n h e r e n t  in t h e  t r i t i u m  l a b e l i n g  
m e t h o d  as  a p p l i e d  t o  s y s t e m s  in  vivo. O n l y  t h r e e  s t a b l e  p o s i t i o n s  for  l a b e l i n g  w i t h  
aH  w e r e  a v a i l a b l e  in  t h e  f luoro- f l -a lan ine  molecu le .  W h i l e  d e c a r b o x y l a t i o n  c o u l d  h a v e  
p r o c e e d e d  w i t h o u t  t h e  loss of  t r i t o n s ,  t h e  d e a m i n a t i o n  p roces s  w o u l d  h a v e  r e m o v e d  
a t  l e a s t  one ,  a n d  p o s s i b l y  two ,  r a d i o a c t i v e  a t o m s .  H e n c e  t h e  a l l - l a b e l e d  c o m p o u n d  
w a s  n o t  wel l  s u i t e d  for  d e g r a d a t i v e  s t ud i e s ,  a n d  n o  e x h a u s t i v e  a t t e m p t s  w e r e  m a d e  
t o  fo~dow i t s  p a t h w a y s  of  c a t a b o l i s m .  H o w e v e r ,  i n f o r m a t i o n  h a s  b e e n  o b t a i n e d  o n  
o t h e r  a s p e c t s  of  t h e  m e t a b o l i c  b e h a v i o r  a n d  s t a b i l i t y  of  t h e  f l u o r o a m i n o  ac id .  

I t  is wel l  k n o w n  t h a t  f l - a lan ine  is v e r y  r a p i d l y  d e a m i n a t e d  a n d  c a t a b o l i z e d  in  
an ima l sn ,2x ,  ~ .  I t  h a s  b e e n  s u g g e s t e d  t h a t  t h e  f i r s t  d e g r a d a t i o n  p r o d u c t  is m a l o n i c  
a c i d  s e m i a l d e h y d e  ~ .  W h i l e  t h e  c a r b o x y l  c a r b o n  of  f l -a lan ine  is e x t e n s i v e l y  c o n v e r t e d  
t o  CO 2, t h e  ~- a n d  t - c a r b o n s  a p p e a r  to  be  u t i l i z ed  ~o a consic]erable  e x t e n t  for  a c e t i c  
a c i d  f o r m a t i o n .  

T h e  o b s e r v a t i o n  t h a t  e x t r a c t s  o .  t ~ ; ' e r  ~ce tone  p o w d e r  d o  n o t  p r o m o t e  t h e  t r a n s -  
a m i n a t i o n  of  k e t o g l u t a r a t e  b y  f luoro- f l -a lan ine  a p p e a r s  t o  be  s ign i f i can t  in r e l a t i o n  t o  
t h e  c o n s i d e r a b l e  q u a n t i t i e s  of  t h i s  a m i n o  ac id  r e c o v e r e d  in  b o d y  t i s sues  a n d  in  u r i n e  of  
r a t s .  D e s p i t e  t h e  a b s e n c e  of  s ign i f i can t  a m o u n t s  of  s H  in t h e  f l u o r o c i t r a t e  r eg ions  o f  
c h r o m a t o g r a m s ,  t h e  p o s s i b i l i t y  c a n n o t  be  e x c l u d e d  t h a t  a m i n o r  p r o p o r t i o n  of  t h e  
f l u o r o a m i n o  a c i d  w a s  d e a m i n a t e d  a n d  t r a n s f o r m e d  i n t o  f l u o r o a c e t i c  ac id  i n  vivo. 

BAXTER A N D  ROBERTS Sa f o u n d  t h a t  t h e  i n j e c t i o n  of  a m i n o o x y a c e t i c  a c i d  i n t o  
r a t s  r e s u l t e d  in  a n  i n c r e a s e d  f l - a l an ine  c o n c e n t r a t i o n  in  l i ve r  a n d  in  k i d n e y .  T h e y  
s u g g e s t e d  t h a t  t h i s  ef fec t  r e p r e s e n t e d  a n  in  vivo i n h i b i t i o n  of  t h e  t r a n s a m i n a t i o n  p r o -  
cess .  L ikewi se ,  McCORMICK AND SNELL s h o w e d  t h a t  t h e  s a m e  c o m p o u n d  w a s  an  in-  
h i b i t o r  o f  p y r i d o x a l  p h o s p h o k i n a s e  i n  vitro. I n  t h e  a b s e n c e  o f  s i m i l a r  e v i d e n c e  in  t h e  

Bio~him. Biophys. Acta, 69 (t963) 48-58 
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case of fluoro-fl-a!an_ine, no explanation can presently be offered for the observed 
protective action of the_ oxyamino acid against  the toxici ty of the fluoro compound, 
nor is the la t ter  effect understood. 

I t  may  be of interest  to mention tha t  fl-fluoro-a-amino isobutyric acid was found 
by us to be non-toxic in rats  and mice, with an LDs0 greater  than  25o mg/kg. This 
compound resembles in s t ructure  " n o n - m e t a b o l i z a b l e "  ~-aminoisobutyric acid 2a. 

F luoropyruvate  is thought  n o t  to be converted to fluoroacetate or fluoro- 
citrateS7, 2°, nor is the  cause of the convulsions produced by this substance known. 

Unlike animal tissues, yeast  cells were not  injured nor inhibited by an excess of 
fluoro-fl-alanine (Fig. 2). This may  reflect an inabili ty of the yeast  to readily absorb 
or catabolize this compound. In contrast ,  fluoropyruvic acid completely inhibits 
growth of E.  coli cultures at  zo/~g/m117. When a very high concentrat ion of the fluoro 
analog was employed in the yeast  nut r ient  medium, a moderate  degree of growth 
occurred, al though not  a.g good as in the presence of ~-alanine. 

In Fig. 2, the maximum uptake  of 14C corresponded to 65o pg fl-alanine, or 
7-3/~moles/l of medium. From Fig. 3 and Table V, it can be calculated t ha t  I7oo ~g 
or I5.7 ~moles of fluoro-[3HJ//-alanine were incorporated presumably  into (fluoro) 
CoA/I. I t  is possible tha t  the radioactive CoA fraction contained other  labeled sub- 
stances, such as higher fluoro-CoA intermediates,  and acyl-, or other  fluoro-CoA 
derivatives. In any case, the agreement  between the x4C and 3H values seems 
reasonable. 

Although the s vnthetase  of E.  coli was unable to condense fluoro-~-alanine with  
pantoic acid (Table VI), it is likely tha t  yeast cells did succeed in synthesizing fluoro- 
pantothenic  acid. The component  of high Ri¢ in Fig. 3 probably signifies an accumu- 
lation of the la t ter  substance, and may  reflect a part ial  block in the p a t h w a y  of CoA 
synthesis. 

Fu ture  studies with x4C-labeled fluoro-~-alanine and with synthet ic  fluoro-panto- 
thenic acid may help to elucidate in _greater detail  the metabolic t ransformations of 
these analogs in animals and in microorganisms. 
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S I , ] ' f f M ~  

x. T h e  ab i l i ty  of var ious  an ions  to  ~eact  ",v~-Ith tti~. iod ide- t ranspor t  s y s t e m  of 
sheep - thy ro id  slices has  been  inves t iga ted .  ~ a ~ a m a f l / ~ l ~ r a n g e d  f rom 3-5" Io-7 M 
to  2 .1o  -= M to give a series of increas ing  FK ~xaihm~,: "ITQ(!)~- ~< CIO~- <: R e 0 4 -  < 
B F  a- < SeCN-  -~ S O , F -  < S C N -  < I -  < ~gIO~. - << ~ -  <: O C N -  ~-~ Br - .  

2. These  were  c o m p a r e d  w i th  t he  partiglrmdM]iimiirx~olixmes a t  inf ini te  d i lu t ion ,  
Oo, which  shows t h a t  th i s  series also :f0Hnws aa dimmasihg= order  of ~0  (with the  
excep t ions  of ReO4- ,  S O a F -  and  SeCN-)..- '¢ Llixemarr~h~n~ exis ts  be tween  the  p K  
va lues  a n d  t he  pa r t i a l  mola l  ionic volumes,  c~xazr0itmmaag~off~-46 ml/mole.  A l t h o u g h  
t h e  p K ' s  decline w i t h  la rger  volumes,  a d e a r * a m  mmeiimma~ was  no t  observed.  No 
s imilar  cor re la t ion  exis ts  be tween  t h e  p K  :ml f l ,~ rmi im~t~x-amete r s .  

3 - 'A l l  of t he  an ions  (except  T c 0 4 - .  =~Riidh ~va~ nott tes ted)  were  shown to be 
compe t i t i ve  inh ib i to r s  of iodide t r a n s p o r t  ! h y < f i n t i t i h e ~ e M i p l o t  analysis .  

4- T h e  i m p o r t a n c e  of size, u n i v a t e n c y : m a f l ~ f f r t r a n i 0 n ~  t r a n s p o r t  in t hy ro id  
t i ssue  a re  briefly d iscussed in re la t ion  to  cem~ha ~ l ~ p e r t i e s  of t he  ions, 

IN~FR OlIUCr~]~A" 

The role of ionic size in anion transpox't i hy ~ t~iiimm~ !i~s been suspected ever 
since it was found that the Br- ion is £one~tku~mLq tn~l~sser extent• than iodide I. 
I t  was  s u b s e q u e n t l y  found  t h a t  t h e  hal ide,  ~ x ~ : , ,  ~ w~flE c o n c e n t r a t e d  b y  th3Toid 
g lands  ~, whe reas  t h e  smal le r  ions Cl-  and  .=~m--.~auremm~.]Em, a o ~ l e x  an ions  of per iodic  
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