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Zum Mechanismus der fl-Lysin-Mutase-Reaktion 

Ein  kfirzlich aus Clostridium sticklandii Jsoliertes En-  
zym, f l -Lys in-Mutases  ka ta lys ie r t  die U m w a n d l u n g  yon  
(S)-fl-Lysin in eine kol l f igurat iv  unbekanl l t e  3, 5-Diamino- 
hexansXure e,~ (G1. 1). Zum Ablauf  der  Reak t ion  werden  
zweJ Pro te in f rak t ionen ,  B~e-Koenzym und  mehre re  andere  
K o f a k t o r e n  ben6t ig t ,  d e r e n  Rolle noeh n ich t  abgeklgr t ,  
ist. Die im Laufe  dieses Prozesses  s t a t t f i n d e n d e  Wan d e :  
rung eines I-Ieteroatoms yon C-6 nach  C-5 ~ e r inner t  an 
die ebenfal ls  du rch  B ~ - K o e n z y m e  ka ta lys ie r te  1, 2-Ver-  
sch iebung  der sekund~ren  Hydroxy lg ruppe ,  welche fri iher 
im Falle  der  D io ldehydrase -Reak t ion  nachgewiesen  wur-  
de ~ (G1. 2). Es  lag desha lb  die V e r m u t u n g  nahe,  dass  die 
be iden  enzyma t i s chen  Prozesse wei tere  ~hn l i chke i t en  auf- 
weisen, und  wir  beschre iben anschl iessend Expe r imen te ,  
die diese V e r m u t u n g  bestSt igen.  
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Eine  P robe  yon  (S)-[4-~t[~, 5-SH~]-fl-Lysin, hergeste l l t  
auf e n z y m a t i s c h e m  Wege~, ~ aus enLsprechend markier -  
tem,  k~tuflichem c~-I.ysin, wurde  mi t  der  Mutase  in Gegen- 
w a r t  yon  I3~-Koenzym inkubier t .  Nach  U n t e r b r e c h e n  
der  R eak t i on  durch  saure Dena tu r i e rung  des E n z y m s  
isolierte m a n  die gebi ldete  3, 5 -Diaminohexansgure  mi t  
Hilfe yon  Ionenaus t ausche r -  und  Df innsch ich teh romato -  
g raph ie<  Das  mi t  i nak t i vem Mater ia l  ~ ve rd i inn te  Pr~- 
p a r a t  f i ihr te  man  m i t  me thano l i s chem HC1 in 4 Amino-6-  
me thy lp ipe r idon-2  ~ fiber. Die daraus  durch  K u h n - R o t h -  
Oxyda t ion  gewollnene Essigs~iure erwies sich als radio- 
ak t iv  (vgl. Tabelle,  Exp .  1). D a d u r c h  wird  belegt,  dass  
im Laufe der  R eak t i on  ein Teil des Tr i t iums  nach  C-6 
g e w a n d e r t  ist. Nach  enzyma t i s che r  U m s e t z u n g  von  (S)-fl- 

Lysin  mi t  versch iedenen  Mengen des am C-5' t r i t i e r t en  
B~2-Koenzyms ~ waren  sowohl P r o d u k t  als auch verblei-  
bendes  E d u k t  r ad ioak t iv  (vgl. Tabelle, Exp .  2-4). Die 
Gesamt i ibe r t r agung  yon Tr i t ium schwank te  zwischen 30 
und  35% in Mien Ansgtzen.  Zur B e s t i m m u n g  der  Iso- 
topenver t e i lung  wurden  die vere in ig ten  P ro b en  der  radio- 
ak t iven  3, 5 -Diaminohexans~ure  durch  K u h n - R o t h - O x y -  
da t ion  des e l l t sprechenden  L a c t a m s  zu Essigs&ure ab- 
gebaut ,  welche noch 96% der  gesamten  Rad ioak t iv i t~ t  
t rug.  

Die vere in ig ten  P ro b en  des rad ioak t iven  fl-Lysins aus 
den E x p e r i m e n t e n  Nr. 2--4 w u rd en  e rneu t  mi t  der  l~Iutase 
inkubier t ,  d iesmal  in Gegenwar t  eines n ich t  mark ie r t en  
Koenzyms .  Die W e r t e  der  Tabelle (Exp. 5) zeigen, dass  
in der  e n t s t a n d e n e n  3, 5-Diaminohexans/ iure  das schwere 
I so top  zu 95% in der  Methy lg ruppe  lokalis ier t  war.  Die 
beobach te t e  Anh/~ufung yon  Rad ioak t iv i t / i t  in d e m  
zuriickisolierten E d u k t  legt  nahe,  dass  die Reak t ion  mi t  
e inem merkl ichen  I so topenef fek t  b e h a f t e t  ist. 

Aus den hier  darges te l l ten  Resu l t a t en  k6nnen  folgende 
Schlussfolgerungen gezogen werden :  a) Bei der  enzyma-  
t i schen U m w a n d l u n g  yon  (S)-fl-Lysin in 3 ,5-Diamino-  
hexansgure  Walldert ein I I - A t o m  yon  C-5 nach  C-6 des 
Gerfistes (Exp.  1). b) \u  bei  anderen  durch Bl~-Koenzylne 
ka ta lys ie r ten  Umlage rungen  ~-~ wird  des  w a n d e r n d e  
H - A t o m  in te rmedi~r  an das C-5' des K o e n z y m s  gebunden  
(Exp. 2 -4)i c) Die f l -Lysin-Mutase ka ta lys ie r t  einen Aus- 
t ausch  yon H - A t o m e n  zwischen 0 5 '  des K o e n z y m s  und  
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Exp. Radioaktivit~it 
Nr. des eingesetzten (S)-fl-l.ysin 

Koellzylns Be2 vor dem Umsatz 
Imp/rain total 

Spezifisehe Radioaktivit/it (Imp/min pro ~M) 
(S)-fl-Lysin 3,5-Diamino- 4-Amino-6- 
naeh dem Umsatz hexansfiure methyl- 

piperidon-2 

p-Phenylphenaeyl- 
azetat nach Kuhn- 
Roth-Oxydation 

1 0 376 000 - 330~ - 66,3 
2 35 800 0 50,1 71,5 
3 179 000 0 245 321 50,5 ~ 47,8 
4 358 000 0 451 580 
5 0 ] 05 �9 233 56,5 3,83 ~ 3,63 

Jedes Reaktionsgemisch in den Experimenten 2--4 enthielt : 10,9 ing ~9range proteim>l; 33,6 mg <~enzylne 2,1; 600 0tM 2-Methylilnidazol/HC1- 
Puffer (pII 8); 250 ~xM Kaliumpyruvat; 48 [xM ATP-Na2K; 0,32 txM FAD; 67 ~xM ],4-Dimerkaptothreitol; 80 bM MgC12; 320 ~M (S)-fl- 
l.ysin. II2SO 4. Zu den Experimenten 2, 3 und 4 wurden 6,5, 32,5 bzw. 65 nmoles {5'-3H]-(Dimethylbenzimidazolyl)-Co-5'-deoxyadenosyt - 
eobalnid (spez. Radioaktivitlit 5,51 • 106 Imp/rain pro u.M) gegeben. Totalvolunlen des Reaktionsgemisehes 7,89 ml; Reaktionstemperatur 
34~ Reaktionsdauer 125 min; anaerobe Bedingungen. �9 Naeh Verdiinnung mit inaktivem Tr~iger. 
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der C-5-Methylengruppe von  (S)-fi-Lysin. l) ieser Austausch 
ist  rascher  als die un te r  den  angewendeten  Bedingungen 
prakt isch  irreversible Wande rung  der Aminogruppe  
(Exp. 2.-4). d) Austauschreakt ion  und H - W a n d e r u n g  sind 
beide stereospezifisch, und zwar diskr iminieren sie auf  
gleiche Ar t  zwischen den dias tereotopen H - A t o m e n  am 
C-5 des Substra tes  (Exp. 5). 

t~ber die genaue Stereochemie der Reakt ion  soll an 
anderer  Stelle ber ich te t  werden. 

s t ra te  occurs. When  the  react ion is carried out  in the  
presence of [5'- '~H]-coenzyme B~2, the heavy  isotope is 
t ransferred both  to C-6 Of 3, 5-d iaminohexanoate  and to 
C-5 of fi-lysine. In  the  la t te r  the  labelled a tom occupies 
the  same dias tereotopic  posit ion as the  H a tom tha t  is 
t ransferred to (;-6 of the  product .  

J. Rs F. KUNZ, 
T. C. STADTMAN und D. ARIGONI 

Summary. Using t r i t i um labelled substrates  it  is shown 
tha t  in the  rea r rangement  of (S)-fi-lysine to 3, 5-diamino- 
hexanoic  acid cata lysed by  fl-lysine mutase  a stereo- 
specific hydrogen  migra t ion  f rom C-5 to C-6 of the  sub- 
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A Method for the Fluorimetric Determination of 
(LB 46), a fl-Blocking, A~ent, in Plasma and Urine 

For  the  de te rmina t ion  of p lasma levels o~ L B  461, a 
fl-blocking agent,  we needed a sensi t ive method,  since 
only low doses of the  drug are employed  for clinical t rea t -  
ment .  A ve ry  sensit ive me thod  was obta ined  by react ing 
LB  46 wi th  o-phtalaldehyde.  The condensat ion p roduc t  
has a 104-times higher  in tens i ty  of f luorescence than  the  
paren t  molecule in 3 N hydrochlor ic  acid. 

Ortho-phtalaldehyde has been described as a reagent  
for the  f luor imetr ie  de te rmina t ion  of several  amines 
(histamine 2, spermidine 3 and indoles~). By  condensat ion 
of L B  46 wi th  o-phta la ldehyde in acidic solut ion an 
intensely  f luorescent  product  is obtained.  The  f luorophor 
formed is not  v e r y  stable, especially in the  assay of minu te  
amount s  of LB  46, bu t  i t  can be stabi l ized by  the  addi t ion 
of ascorbic acid solution, which also lowers the  b lank  
readings. 

Extraction of L B  46 from aqueous solution. The o p t i m u m  
condit ions for ex t rac t ion  of L B  46 f rom aqueous  solut ion 
into a nonpolar  solvent  have  been tes ted by  s tudying  the  
d is t r ibut ion  of the  compound  be tween  var ious buffer  
solutions and e thyl  acetate.  100 sg  of the  drug in 3 ml  
of buffer were shaken wi th  10 ml  of e thyl  ace ta te  for 
15 min, then  the  L B  46 con ten t  of the  organic phase 
was de te rmined  (Table I). The  da ta  in Table  I demon-  
s t ra te  t h a t  for the  t ransfer  of LB  46 f rom an aqueous  
into an organic phase a p H  larger t h a n  ~1 has to be 
applied, and t h a t  re -ext rac t ion  into wate r  should occur 
at  a p H  lower than  3. 

Extraction from plasma and urine. The ex t rac t ion  of the  
compound  from plasma into several  organic solvents was 
tested.  Tile h ighest  recoveries were obta ined  wi th  d ie thyl  
ether,  abou t  89% of the  drug added to p lasma Samples 
being recovered.  Sa tu ra t ion  of the  aqueous phase wi th  
sodium chloride did no t  improve  this yield. 

The  recovery  of L B  46 f rom urine by  ex t rac t ion  wi th  
e ther  is low and depends on the  vo lume  of urine assayed:  
Only 15% of l ~ g  of the  drug  added to 5 m l  Of urine 
was recovered.  An improved  yield of approx ima te ly  40% 
was obta ined  by  subs t i tu t ing  benzene for the  ether.  Treat -  
m e n t  of the  ur ine samples wi th  zinc sulphate  improved  
the  results further ,  and the  combina t ion  of these modifi-  
cat ions resulted in a recovery  of a lmost  80% of the  
a m o u n t  added to urine. 

Sensitivity and specificity of the method. The method  
allows the  measu remen t  of 20 ng of L B  46 in a p lasma 

4- (2-Hydroxy-3-isopropylaminopropoxy)-indole 

sample of 1-4 ml  and approx ima te ly  50 ng of the  sub- 
s tance in 5 ml  of urine. 

Since the  o-phta la ldehyde seems to react  wi th  the  
indole nucleus of the  I,:B 46 molecule, i t  was to be 
expected tha t  propranolo151 a naphta lene  der iva t ive  wi th  
the  same side chain, would  not  interfere wi th  the  de termi-  
na t ion  of LB  46. Indeed,  i t  was found t h a t  the  fluores- 
cence in tens i ty  of propranolol  in a concent ra t ion  up to 
10 ~xg corresponds to the  b lank reading of the  L B  46- 
assay. 

Stability of L B  46 in plasma. Adding  the  drug to 
ca t t le  blood or p lasma and keeping the  samples for 72 h 
a t  room t empera tu re  did no t  cause a s ignif icant  decrease 
of fluorescence. Similar  results were obta ined wi th  p lasma 
from L B  46-treated pat ients ,  where again no change of 
f luorescence in tens i ty  was observed when  the  samples 
were al lowed to s tand  for 48 h at  room tempera ture .  

Procedure. (A) Reagents .  L B  46 s tandard  solut ion:  
Prepared  by  dissolving 10 mg of the  drug in 100 ml  of 
0 . 1 N  hydrochlor ic  acid. F r o m  this  s tock solut ion s tand-  
ards are obta ined  by  di lut ion wi th  the  same acid. 0 .1N 
hydrochlor ic  acid;  1 N  sodium hydroxide.  Zinc sulphate:  
10% solution in disti l led water .  Die thy l  e ther :  Ether ,  
free of peroxides,  is redistil led. Impur i t i es  can cause 
complete  fai lure of the  de terminat ion .  Benzene : A reagent  
grade benzene is redisti l led and 1.5% (v/v) i soamyl  

Table I. Influence of plI on the extraction of LB 46 

pH 3 5 7 11 
% extracted ~ 1 6 33 96 

Ratio of the I.B 46 content in ethyl acetate to total amount x 100. 
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6 The blood samples were kindly provided by the courtesy of Dr. 
B. STRASSI, E of the Medizinische Universit/its-Poliklinik, Basel. 


