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OF SOME C H E M I C A L  T R A N S A M I N A T I O N  R E A C T I O N S  I N V O L V I N G  

V I T A M I N  B 6 

P. FASELLA,  H. LIS*, N. S I L I P R A N D I  AND C. B A G L I O N I  
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The possibility of nonenzymic transamination between PL** and amino acids and 
PM and a-keto acids has been demonstrated by  METZLER AND SNELL 1 and confirmed 
by  CENNAMO 2. The proposed mechanism of the reaction involves the formation of 
Schiff-base chelates between PL and amino acids and PM and keto acids 3. Spectro- 
photometric evidence has been reported for the formation of Schiff-base chelates from 
PL and amino acids and PM and keto acids in the presence of metal  ions4; and of 
non-chelated Schiff-bases between PLP, glycine and serine in the absence of metal  
ions 5. An insoluble crystalline potassium salt of a Schiff-base, involving PL and ala- 
nine (pyridoxyliden-D-alanine), has been obtained from alcoholic solutions by HEYL 
et  al.  s. BADDILEY 7 has succeeded in isolating an insoluble compound, which has been 
identified as a Schiff-base chelate between PL and tyrosine. 

An insoluble PL-glycine-aluminium chelate has been obtained by METZLER et al .  s 

upon heating a solution of PL and glycine in the presence of A1 +++. 
None of these results, however, directly proves the participation of these com- 

pounds in the transamination reactions. 
I t  seemed interesting to reinvestigate these reactions by means of chromatographic 

and electrophoretic methods recently developed 9. By these procedures, it became 
possible to identify, isolate and characterize the intermediate reaction products of 
transamination reactions between PL or PLP and amino acids, and between PM or 
PMP and keto acids, in the presence of metal  ions. 

EXPERIMENTAL 

PL hydrochloride and PM dihydrochloride were commercial samples from Hoffmann La Roche. 
Pyridoxal phosphate Ca salt and pyridoxamine phosphate were generously supplied by Merck and 
Co. (Rahway N.J., U.S.A.). Sodium pyruvate and DL-alanine were commercial samples from 
Hoffmann La Roche. 

Assay methods 
Alanine was detected by  spot  test  according to FEIGL TM and identified by  paper  ch romatography  
according to CONSDEN AND GORDON 11. 

Pyruvate was identified and determined by  paper  ch roma tography  according to CAVALLINI 
et al. TM, and according to METZLER AND SNELL 1. For  the determinat ion of small a moun t s  of keto 
acids, the method was slightly modified as follows : the extract ion wi th  toluene was repeated twice. 
The water  phase was acidified and extracted three t imes with 5 ml of ether. The ethereal solution 

* Fellow of the Swedish Ins t i tu te  for Culture Exchange.  Present  address:  Biokemiska Ins t i tu -  
tionen, Upsala Universi tet  (Sweden). 

** Abbreviations,  PL = pyridoxal ;  P L P  = pyridoxal  phospha te ;  PM = pyr idoxamine;  PMP 
= pyr idoxamine phosphate .  
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was concentrated in v acuum  and the res iduum was dissolved in 4 ml NaOH 1.25 N for the deter- 
minat ion of the absorpt ion spect rum in the Beckman D.U. spectrophotometer .  

Vitamin B~ derivatives were determined:  
(a) by paper electrophoresis according to SILIPRANDI et al2. Acetate buffer, p H  5,1, o.o5 M, 

was used for the analysis of non-phosphoryla ted  compounds  and t r ie thylamine-acetate  buffer p H  
5.9, o.o5 3J, was used for the analysis of the phosphoryla ted  compounds.  All determinat ions were 
carried out  at  o°C. 

(b) by cellulose column electrophoresis. The appa ra tus  design and the technical details were 
according to FLODIN AND PORATH 13 and SILIPRANDI el al. 9. The following minor modifications were, 
however,  introduced:  a volatile t r ie thylamine-acetate  buffer o.o 5 M was used, at  p H  5.I for the 
non-phosphoryla ted  compounds,  and at p H  5.9 for the phosphoryla ted  ones. Acetate buffer, o.o 5 
]~I, p H  5.1, and phosphate  buffer, o.o 5 M, p H  5.9, were used when the eluates from the column 
were to be tested for the amino groups. 

Before application of the current,  the mixture  was displaced 3,5 cm down the column by al- 
lowing a sufficient amoun t  of the buffer to flow th rough  the column. For  the separat ion of the non- 
phosphoryla ted  compounds  the top of the column was connected to the anode and the bo t tom to 
the cathode. For  the separat ion of the phosphoryla ted  derivatives, the connection of the column 
to the electrodes was inverted. A potential  of 3oo V, giving a current  of about  20 mA, was applied 
for 5 ° hours.  On completion of the run, the column was eluted with the same buffer at  the rate  
of 8 ml /hour  and the effluent collected in 4 ml fractions. The entire procedure was carried out  at o ° 
C. The optical densities of the fractions were measured in the Beckman Model D.U. spectrophoto-  
meter  at  325 m/~, and the fluorescence in the Klet t  fluorimeter, using a lamp filter 597 o, a " thia-  
mine"  photocell filter, and a quinine sulphate solution (o. 5 m/~/ml in sulphuric acid o.i N) as 
reference. The fractions were then concentrated at o°C under high vacuum.  

(c) by paper chromatography, using Munktell  paper  O.B. and a mixture  of n-propanol,  formic 
acid lO% (4:1) as solvent. This procedure allows a bet ter  separat ion of the non-phosphoryla ted  
derivatives than  does paper  electrophoresis. 

(d) spectrophotomelrically according to METZLER AND SNI~LL 1. 
Copper was detected by  the o-tolidine spot  test, according to FEIGL 14. 

TRANSAMINATION BETWEEN PYRIDOXAL AND ALANINE AND BETWEEN 

PYRIDOXAMINE AND PYRUVATE 

Reactions were carried out at Ioo°C; solutions were o.oi M in reactants, o.ooi M in 
alum and 0.05 M in buffer acetate pH 5. Analyses were made at zero time and at 3 to 
6 intervals ranging from 5 to 6o minutes. Two reaction mixtures were used: (I) PL, 
alanine and alum; (2) PM, pyruvate and alum. 

In both cases transamination occurs, as evidenced by the progressive decrease of 
the reactants and by  the appearance of the corresponding reaction products. After 60 
minutes equilibrium is reached, as formerly demonstrated by METZLER AND SNELL 1, 
and the chromatograms obtained from the two mixtures become identical; examina- 

4 3 ~ ~ tion of the chromatograms, in U.V. 
light, for vi tamin B 6 derivatives 
revealed the presence of four fluo- 
rescent spots (see Fig. I) correspond- 
ing respectively to PL, PM and to two 
unknown compounds, CI and CII. 

Fig. I. Chromatographic  separat ion of a reaction By submitting the same reaction 
mixture  containing PL  o.oi M, alanine o.oi 3I, a lum mixtures to paper electrophoresis 
o.ooi iV/, heated at ioo°C for 3 ° minutes  in acetate 
bu f fe ro .osM,  p H 5 . I ,  l ~ C i i ;  2 = P M ;  3 ~ C I ;  4 = P L .  four fluorescent spots, displaced t o -  

wards the cathode were also obtained. 
The spots corresponding to CI and CII occupy an intermediate position between PL 
and PM; CII is not very sharply separated from PM. 

In U.V. light the spot corresponding to CI exhibits a very intense light-blue 
fluorescence, and the spot corresponding to ClI a violet fluorescence closely resembling 
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that  of PM. Both CI and Cii give negative reactions for free amino (ninhydrin n) and 
aldehydic (ammoniacal silver nitrate 15) groups. 

Chemical nature o/CI and CII 

To investigate the composition of the two compounds, samples of the reaction mix- 
tures at equilibrium were analyzed by: (a) two-dimensional chromatography and (b) 
two-dimensional electrophoresis. 

For two-dimensional chromatography 0.05 ml of a reaction mixture at equilibrium 
were separated chromatographically along one side of a square paper. After separation 
of the four compounds (PL, PM, C~ and CII), the paper was dried at about 50 °C for 
30 minutes, in an attempt to split the intermediate compounds, and developed in the 
other direction using the same 
solvent. A schematic representa- l 
tion of the results so obtained is _t 
given in Fig. 2. 

Fig. 2 clearly shows that CI~ ~' 
gives rise to three spots corre- ~ 
sponding respectively to PL, PM 
and CI, while CI gives rise to PL. o 

Fig. 2. D i a g r a m  of t he  c h r o m a t o g r a -  
phic  resolut ion of t he  b r eakdown  prod-  
uc t s  of  the  i n t e rmed i a t e  c o m p o u n d s  
u p o n  e x a m i n a t i o n  in U.V. l ight.  
D a s h e d  l ines:  pos i t ion  of t he  spo t s  
a f te r  the  first  c h r o m a t o g r a p h i c  sepa-  
ra t ion.  Con t inuous  l ines:  pos i t ion  of 
t he  spo t s  af ter  t he  second c h r o m a t o -  
graphic  separa t ion ,  I n t e n s i t y  of t he  
f luorescence:  feeble (coarse-hatching)  ; 
s t r ong  (fine-hatching). I = first  run; 

I I  = second run.  

o Q Q 

c Q 

S- A B C 0 

Propanol-focrnic acid ( I )  b 

For two-dimensional electrophoresis o.o5 ml of a reaction mixture at equilibrium 
was spotted at the corner of a square paper and separated electrophoretically along 
one side of the paper in a volatile triethylamine-acetate buffer pH 5.1, 0.05 M. After 
separation of the components the paper was dried at 5o°C for 60 minutes to volatilize 
the buffer and to split the intermediate compounds, and developed electrophoretically 
in the other direction using an acetate buffer pH 5. I, 0.05 M. Examination of the electro- 
gram in U.V. light revealed that Cit gives rise to PL, PM and Cr, and that C I gives rise 
to PL, thus confirming the results obtained by two-dimensional chromatography. 
After spraying the papers with ninhydin, moreover, a violet spot appeared among 
the breakdown products both of C I and of CH, which on the basis of its electrophoretic 
behaviour, could be identified as alanine. 

To obtain more convenient amounts of the intermediate compounds 2 ml of the 
above indicated reaction mixture were submitted to electrophoresis on a cellulose 
column. The separation obtained is reproduced in Fig. 3. The identity of the peaks was 
checked by paper chromatography. As can be seen in the figure, CII cannot be sepa- 
rated from PM under these conditions. The solution of CI eluted from the column was 
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Fig. 3. Separation by cellulose powder column 
electrophoresis of a reaction mixture containing 
o.oi M PL, o.oi M alanine and o.ooi M alum in 
acetate buffer pH 5, o.o5 M, heated at IOO ° C for 
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Fig. 4. Absorption spectra in acetate buffer 
o.o 5 M, pH 5 of CI (A) ; CI after partial hydroly- 

sis (B); PL (C); PM (D). 

3 ° minutes. • . . . . .  optical density at 325 m/z; o--o--o = fluorescence (% of the fluorescence 
of a quinine sulphate solution 0.50 /~g/m] in o.i N sulphuric acid), i = PM, and CII; 2 = CI; 

3 = PL. 

heated at ioo°C for 30 minutes to split CI. The analysis of the solution after heating 
revealed the presence of PL and alanine. These results confirm those obtained for C~ 
by two-dimensional paper chromatography and electrophoresis. 

Absorption spectra o~ Cz and C11 

More evidence about the character of the intermediate compounds could be obtained 
by the study of their U.V. absorption spectra. Fig. 4 reproduces the spectrum of a 
solution of Cz obtained by cellulose column electrophoresis. The spectra of PL and PM 
at the same pH (pH = 5) and of the same solution of CI, after it had been heated at 
ioo°C for 30 minutes in order to split the compound, are given for comparison. 

Fig. 5 shows the absorption spectra of CI at different pH values. 
The spectrum of CI displays at all pH values a peak at 375-380 mt~ that is unlike 

any of the absorption bands of PL or PM and is probably due to the formation of a 
new bond. 

In the attempt to establish the absorption spectrum of CII, and because of the 
above-mentioned difficulty in separating this compound by column electrophoresis, 
the spots corresponding to Cn were collected from several chromatograms and eluted 
with 4 ml acetate buffer pH 5, o.05 M; the whole procedure was done at 2°C. The 
spectrum of the elution fluid was then determined; correction was made for the ab- 
sorption due to the paper by using, as reference, the fluid collected by washing identical 
strips from the same paper. The spectrum of CII, eluted from the paper, is not suffi- 
ciently stable to be determined. Only after a few hours at room temperature does the 
eluted solution acquire a stable spectrum, which closely resembles that of CI after 
heating. This fact can be explained by the great instability of Cii and its tendency to 
give rise to PL, PM and CI, which has already been ascertained by two-dimensional 
chromatography. 

A Beckman D.U. spectrophotometer was used in these experiments. 

Order o/ /ormation o/ CI and CH 

Chromatographic analyses of the reaction mixtures in the course of transamination 
provide useful information concerning the formation of CI and CII. 
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VOL. 2~ (1957) TRANSAMINATION REACTIONS INVOLVING VITAMIN B e 421 

~ ',, . .  ,,,, 

"~ I ~ "t / '\ 
{ i  6 005 ~ , / " "  

\ H" 

0 ~ . . . .  250 300 350 
Wavelength (m~) 

Fig. 5- Absorpt ion spectra of CI in aqueous buf- 
fered solut ion at  p H  3 ( ............ ), p H  6 ( 

and pH 9 ( . . . . .  ). 
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Fig. 6. Diagram of the chromatographic analysis 
of the transamination reaction involving the 
nonphosphorylated forms of vitamin B 8 at different times. Intensity of fluorescence : feeble 

hatching); intermediate (diagonal hatching); strong (cross-hatching). 
n o  

Copper (o.ooi M copper sulphate) was chosen as chelating agent, because the 
fluorescence of CII is much stronger when this metal is used instead of aluminium. It 
was thus possible to follow the formation of CII more accurately. The results are given 
in Fig. 6. 

As is seen in the figure, the order of formation of the reaction products in the reac- 
tion between PL and alanine, is as follows (I) CI, (2) Cn, (3) PM; and in the reaction 
between PM and pyruvate:  (i) Cm (2) CI, (3) PL. 

Kinetics  o/ the reaction 

An insight into the kinetics of the transamination reaction could be gained under the 
following conditions: reactions were carried out at Ioo°C, pH 5; the solutions were 
o.oi M in the reactants and o.ooi M in alum. Analyses were made at zero time and at 
6-8 intervals ranging from 30 seconds to I hour. PL and total vitamin B 6 were deter- 
mined according to METZLER AND SNELL 1, and CI fluorimetrically. Both the reaction 
between PL and alanine, and that between PM and pyruvate have been investigated, 
the latter more extensively because PL production could be measured more accurately 
than PL loss. The results are given in Fig. 7. 

Fig. 7 shows that  the increment of the PL concentration is roughly proportional 
to the concentration of C~. This relationship can be more easily appreciated by com- 
paring the curve of the concentration of CI vs. time with that of d[pr.] 

dt  " 

Continuous variation 

The method of continuous variation ~, 16 has been applied to the study of the composi- 
tion of CI. By the assumption of the formation of a Schiff-base between PL and alanine 
and between PM and pyruvate, the three-component system has been simplified to a 
two component system (Schiff-base and aluminium). Considering the above-men- 
tioned high intensity of the fluorescence of C I compared to that of PL, PM and CII, 
fluorescence was chosen as the most suitable property of the resulting complex (C[) 
for the continuous variation study. 

To determine the number of the moles of Schiff-base coordinated to one aluminium 
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Fig. 7" CI and PL concentrations vs. time during transamination reactions at ioo°C between: 
(A) o.oi M PM and o.oi M pyruvate, (B) o.oi M PL and o.oi M alanine. Both solutions were o.ooi 
M in aluIn and at pH 5.o in acetate buffer 0.0 5 M. PL concentrations (millimolar). - - - - 
CI concentrations in arbitrary "Fluorescence" units (the solutions were diluted i : 5o0 in cold acetate 
buffer 0.0 5 M, pH 5 ; their fluorescence, determined in the Klett fluorimeter and corrected for the 
fluorescence of PM and PL is expressed as % of the fluorescence of a standard quinine sulphate 
solution (o.5/~g/ml in o.iN sulphurie acid); the fluorescence due to CII was disregarded). 

d[PL] 
dt 

ion, equimolar solutions of PL-alanine and of alum, or of PM-pyruvate and of alum, 
were mixed in varying proportions to a constant final volume, so that the total molar- 
i ty of the solutions was constant. Fluorescence readings were made after all solutions 
had been heated at Ioo°C for IO minutes; the fluorescence values found for each solu- 
tion were corrected for the fluorescence of the reactants, and expressed as % of a 
standard quinine sulphate solution; these values (Y) were plotted against the concen- 
tration of Schiff-base expressed as per cent of the total concentration of the solution 
(see Fig. 8). 

For longer periods of heating, the fluorescence decreases, but the general shape 
of the curve remains constant. The composition at which the value of Y reaches a 
maximum bears a simple relation to the number of molecules co-ordinated to one alu- 
minium ion, and is independent of the equilibrium constant TM. The Y values pass 
through a maximum at a point corresponding to a solution that contains two moles of 
PL-alanine, or of PM-pyruvate, to one of aluminium (see Fig. 8). 

TRANSAMINATION BETWEEN PYRIDOXAL PHOSPHATE AND ALANINE, AND 

BETWEEN PYRIDOXAMINE PHOSPHATE AND PYRUVATE 

The transamination conditions described by METZLER AND SNELL 1 were slightly mod- 
ified by increasing the concentration of copper ions. Two reactions were studied: 

(a) 0.004 M PLP + 0.004 M alanine, in the presence of 0.02 M pyruvate. 
(b) 0.004 M PMP + 0.024 M pyruvate. 

Both solutions were 0.0005 M in copper sulphate and o.I M in phosphate buffer, 
pH 7.0. 

The reactions were carried out at Ioo°C under nitrogen to prevent excessive air 
oxidation of PMP to PLP. 

Analyses were made at zero time and at 3 to 6 intervals ranging from 5 to 60 
minutes. The progressive decrease of the reactants and the appearance of the corre- 
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Fig.  8. Cont inuous  v a r i a t i o n  of a l u m i n i u m  wi th  PL-a l an ine  (A) and  P M - p y r u v a t e  (B). To ta l  con- 
c e n t r a t i o n  of al l  so lu t ions  was  o.oi  M.  For  t he  f luorescence d e t e r m i n a t i o n s  al l  so lu t ions  were  
d i lu t ed  I : 2oo. Y = correc ted  f luorescence va lues  expressed  as % of the  f luorescence of a s t a n d a r d  

qu in ine  s u l p h a t e  so lu t ion  (o. 5 ~ug/ml o. I N su lphur i c  acid). 

sponding reaction products indicate that  transamination takes place in both reac- 
tions. After 9 ° minutes equilibrium is reached. 

Examination of the electropherograms for the vi tamin B 6 derivatives in U.V. 
light revealed the presence of two fluorescent spots beside those corresponding to 

+ PLP  and PMP. Both spots migrate towards the anode and 
occupy an intermediate position between PLP  and PMP 
(Fig. 9)- 

One spot (CIP) is of a pale green colour, and gives a violet 
fluorescence in U.V. light. The other spot (CLIP) is visible only 
in U.V. light by its green-blue fluorescence. 

The intermediate spots were not observed with reaction 
mixtures two ofthe three reactants involved. containing only 

With lower concentrations of copper sulphate, such as 
those used by METZLER AND SNELL 1, the intermediate pro- 
ducts were observed only when the reaction mixture was 
incubated at low temperature (2o°C). 

Fig. 9. E lec t rophore t i c  s epa ra t ion  of 0.05 ml of a reac t ion  m i x t u r e  
c o n t a i n i n g  o.0o 4 M PMP, o.oo 4 M alanine,  o.02 M p y r u v a t e  and  
o.ooo 5 M copper  su lpha t e  in  p h o s p h a t e  buffer p H  7, hea ted  a t  IOO ° C 
for 15 m inu t e s  in the  presence of oxygen,  i = P L P ;  2 = C I I P ;  

3 ~ CIP; 4 = PMP. 

Chemical nature o~ CIP and ClIP 

For the chemical characterization of CIP and CIIP on the paper, we have proceeded as 
previously indicated for the non-phosphorylated compounds. I t  should be observed, 
however, that  the papers used for the detection of free amino groups had been run in a 
phosphate buffer. Moreover, the papers were sprayed with ferric chloride and salicyl- 
sulphonic acid, according to WADE AND MORGAN 17, to detect the phosphoric radicals. 
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Both C I P  and C I I P  gave a positive reaction for the phosphoric group and a negative 
one for the amino and aldehydic groups. 

To investigate the composition of C I P  and C l I P  , samples of the reaction mixture 
were spotted at the corner of a square paper (3o X 3o cm) and developed electro- 
phoretically using a volatile triethylamine buffer. After separation, the paper was 
dried at about 6o°C for two hours. 

The paper was then developed electrophoretically in the other direction, using a 
phosphate buffer o.o5 M pH 5,9. CIP is thus resolved into PMP, C i i P  and PLP;  and 
CIIP  into PLP  and CLIP. The findings are schematically reproduced in Fig. IO. 

PMP and CIP cannot be sharply separated by cellulose column electrophoresis; 
nevertheless, it has been possible to obtain a pure solution of CIP by heating the reac- 
tion mixture at IOO ° C in the presence of oxygen for 3o minutes. Under these conditions 

PMP is quantitatively oxidized to PLP. 
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Fig. io. D i a g r a m  of t he  e lec t rophoret ic  resolu- 
t ion of the  b r e a k d o w n  p roduc t s  of t he  phospho r -  
y l a t ed  i n t e rmed ia t e  compounds .  S = s t a r t ;  
A = P M P ;  B = CIP;  C = CLIP; D = P L P .  
Dashed  l ines:  pos i t ion  of t he  spo t s  a f te r  t he  

The solution of PLP, CI IP  and C I P  is 
shown in Fig. i i .  

The identity of the peaks was checked 
by  paper electrophoresis. 

1.0 

0 0.~ 

o 
60  120 180 

E'ffluent in ml 

Fig. I z. Separa t ion  of CIP f rom t h e  reac t ion  
m i x t u r e  (see tex t )  b y  cellulose powder  co lumn  
elect rophoresis :  i ~ P L P ;  e = Cl iP ;  3 = CIP. 

Opt ica l  dens i ty  a t  325 m y .  

first e lec t rophore t ic  separa t ion .  C on t i nuous  l ines:  pos i t ion  of t he  spots  a f te r  t he  second electro- 
phore t ic  separa t ion .  I = first  r un ;  II  = second run.  

The solution of pure CIP was heated at Ioo°C for 60 minutes, in order to split the 
compound, and analysed. The analysis 
revealed the presence of PLP, alanine, 
pyruvate  and copper. 

PMP, being readily oxidized to PLP  
when heated at Ioo°C in the presence of 
copper ions, was not detected among the 
breakdown products. 

Absorption spectra o/CIP 

The spectrum of a pure solution of CIP, 
obtained by  cellullose column electro- 
phoresis, at pH 5.9 is reproduced in Fig. 12. 
The spectra of PLP, PMP at the same pH 

1.0 

g 

8 " ~.B ~ - ' - .  

,, ",. j -  

~o ~o 35o ~oo 
Woverength (rap) 

Fig. 12. Abso rp t ion  spec t ra  a t  p H  6 of CIP (A), 
CIP af te r  par t ia l  hydro lys i s  (B), P L P  (C) a n d  

P M P  (D), 
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and of the solution of C1P after heating at IOO ° C for 30 minutes are given for comparison. 
I t  has not been possible to obtain ClIP in sufficient amounts for the determination 

of the spectrum. 

Order o~/ormation o/ CIP and CnP 

The electrophoretic picture of the reaction mixtures during transamination is re- 
produced in Fig. 13 . 

In the reaction between PLP  and alanine, the reaction products are formed in the 
following order: (I) CIP, (2) CuP, (3) PMP. 

In the reaction between PMP and pyruvate  CuP is formed first, followed succes- 

Pyridoxo, pho,phate+aMnine Pyrid . . . .  ine ptx~phat,.wruvote sively by  CIP a n d  a l a n i n e .  S m a l l  
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Continuous variation 

PLP are produced 
very early owing to the partial 
oxydation of PMP in the presence 
of copper ions; the formation of 
alanine has therefore been taken 
as a criterion that  transamination 
has taken place. 

Fig. 13. D i a g r a m  of t he  e lec t rophore t ic  
ana lys i s  of t he  t r a n s a m i n a t i o n  reac- 
t ions  invo lv ing  the  p h o s p h o r y l a t e d  
fo rms  of v i t a m i n  B e a t  different  t imes.  
I n t e n s i t y  of f luorescence:  feeble (no 
ha tch ing)  ; i n t e rmed ia t e  (diagonal  

ha t ch ing ) ;  s t rong  (cross-hatching) .  

Y 1801 

1 / \ / \ 
~oo4 / \ 

o% 
Pyridoxamlne phosphate- pyruvate 

Fig. 14. Con t i nuous  va r i a t ion  of a l u m i n i u m  wi th  P L P - a l a n i n e  (A) and  P M P - p y r u v a t e  (B). To ta l  
concen t r a t i ons  of all so lu t ions  were o.oo 4 M.  For  t he  f luorescence read ings  all so lu t ions  were 
d i lu ted  i : 60. Y = corrected f luorescence va lues  expressed  as  % of t he  f luorescence of a s t a n d a r d  

qu in ine  s u l p h a t e  so lu t ion  (o. 5 /2g /ml  in o.I N su lphur i c  acid). 
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much stronger when aluminium is used. 
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For the continuous variation s tudy of the phosphorylated compounds we have pro- 
ceeded as previously indicated for the non-phosphorylated forms. The simplified two- 
component systems resulted in a Schiff-base (PLP-alanine, or PMP-pyruvate) and 
alum. Aluminium was chosen instead of copper because the fluorescence of CIP is 
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The fluorescence readings were made after all solutions had been heated at 6o°C 
for IO minutes. The plot of the Y values against the composition of the solutions, ob- 
tained as previously described for the non-phosphorylated forms, are given in Fig. 14. 

For longer periods of heating the fluorescence decreases but the general shape 
of the curve remains fairly constant. The Y values pass through a maximum at a point 
corresponding to a solution that  contains one mole of PLP-alanine, or of PMP-pyruvate 
to one of aluminium. 

D I S C U S S I O N  

The electrophoretic and chromatographic study of the transamination reactions in- 
volving vi tamin B 6 has led to the isolation and characterization of two intermediate 
products for each of the reactions considered, and has provided convincing evidence 
for the participation of these compounds in the transamination mechanism. 

The intermediate compounds have been isolated both chromatographically and 
electrophoreticaUy. They are characterized by an intense fluorescence when irradiated 
with U.V. light, and by highly specific absorption spectra (CI and CIP). 

The evidence for the nature of these compounds is the following: 

(I) Their formation requires the presence of three reactants:  PL, alanine and metal  
ions; or PM, p y m v a t e  and metal  ions. 
(2) The compounds have no free aldehydic or amino groups. 
(3) Upon heating they split into pyruvate  or alanine and the corresponding vi tamin 
B e derivatives. In the case of CIP it has, moreover, been possible to demonstrate the 
presence of copper among the hydrolysis products. The hydrolysis is accompanied by 
a characteristic change of the absorption spectrum which indicates the formation of 
PL or PM. 
(4) CI and CIP are fomled first when the initial reaction mixture contains PL, or PLP, 
and alanine; Cn and ClIP are formed first when the initial reaction mixture contains 
PM, or PMP, and pyruvate.  
(5) From the continuous variation study it can be concluded that  two molecules of 
Schiff-base are co-ordinated to one aluminium ion to form C~. These data are consis- 
tent  with those obtained by EICHHORN 4 for a pyridoxal-alanine-nickel complex and 
by  BADDILEY 7 for a pyridoxal-tyroxine-copper complex. Figures obtained for the 
phosphorylated compounds (see Fig. 14) would indicate, on the other hand, that  one 
AI+++ is coordinated with one Schiff-base molecule. These results might account 
for the electrophoretic behaviour of the phosphorylated and non-phosphorylated 
compounds. 

I t  can therefore be concluded that  CI and C1P derive from alanine and PL or PLP,  
and Cn and ClIP from pyruvate  and PM or PMP, respectively. The condensation in- 
volves a reaction between an amino and an aldehydic (or ketonic) grouping and the 
intervention of metal  ions to form Schiff-base chelates. 

One metal  ion is co-ordinated to two molecules of Schiff-base in the case of the 
non-phosphorylated compounds and to one molecule of Schiff-base in the case of the 
phosphorylated derivatives. To CI and Cn, therefore, can be at tr ibuted the formulas 
proposed by BADDILEY 7 and to CIP and ClIP those proposed by METZLER e~ al. 3 (see 
reaction schemes A and B). 

Re/erences p. 428. 
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Evidence for the participation of these compounds in transamination is the 
following: 

(I) Upon heating, the intermediate compounds are converted one into the other and to 
the final reaction products. 
(2) In the initial phase of the reaction the transamination rate is proportional to the 
concentration of C r 
(3) The order of formation of the intermediate compounds in the transamination be- 
tween PL or P L P  and alanine is the reverse of the order of formation between PM 
or PMP and pyruvate.  

On the basis of these experimental results the mechanism of the chemical trans- 
amination reactions can be represented as follows : 

a H H 
H a C _ C _ _ C O  CHs--C C~.0 

i , I r 
N H  + O--  ~N,, .  / 0  

OH HC A1 + OH H \ c # O  Alanine I I 
o=~r O--H2C ~%---~ O- r-- ~ AI++ + --H,O+ O=P__O__HsC../~%./.0 ---+ 

H+ H + 
(PLP) (CIP) 

CHa--C C 0 
H I 

/Nx / 0  INH+ 
OH HCH AI+ OH 

I HCH 
I I [ +H,0__~ O P--O--H2C- -J~ , O -  0 P--O--H2Cv%.IO 

0 [H (N--..J,.~ CH3 * --H,0 [ "~ ~ ' ] ~ 0 H  iLL.N~fi,~CHs 
H + H+ 

(Cli P ) (PMP) 

CHs--C--C=O 
II I 
0 O- 

Pyruvate 
AI+++ 

B N /CH3 

HO--H2C > \C~O 
I 

H 
(PL) 

/CHs HsC\ 
N =N 
~ - - / o  o - - /  \ + 2 Alanine + AI+++ --H,O _> \A1 + /  xN // 

y ~  

- 6 - - -  

HOOO--C--H +H,O H I  [ H 
I  ooFc. H 

CH s 
(Ci) CHs CH3 

< - - - _ _  

CHs HsC N CfH3 
N ~ / -  ' ° - \~_N 
/ X o  O / \ ,2 = ,7-- -----+ ~ \ A I + /  ~ + H , O  OH + 2 pyruvate + A1 +++ 
" " ~ ~ ~ ~ ¢ /  \ . . . .  ~ - ~  ¢', x.: 

HO--HsC" 'C--N/ '  ' \ N - - C  CHsOH 2 HO--H2C CH~--NH 2 0 
+--- H I} ]] H ~---H,0 

HOOC--C C'--COOH (PM) C--COOH 

(CII) C H  3 C3H C H s  
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Our findings therefore provide further experimental evidence for the reaction mecha- 
nism postulated by METZLER AND SNELL 1,8 for chemical transamination. 

SUMMARY 

Analytical invest igation of chemical t r ansamina t ion  reactions between a-keto or amino acids and 
phosphory la ted  and non-phosphoryla ted  derivatives of v i tamin ]36, has been carried out  by means  
of ch roma tography  and electrophoresis on filter paper.  I t  has thus  been possible to give evidence 
t ha t  in each reaction two s t rongly  fluorescent intermediates are formed. 

Two of these compounds  have been isolated in appreciable amoun t s  by  means of electrophor- 
esis on a cellulose column. 

The spectra and chemical propert ies  of the intermediate compounds  indicate t ha t  they  are 
Schiff-base metal  chelates between pyridoxal  or pyridoxal  phospha te  and amino acids and pyri- 
doxamine or pyr idoxamine  phospha te  and a-keto acids. 

Evidence has, moreover,  been obtained for the part icipation of these compounds  in the trans- 
aminat ion  mechanism, 
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Short Communications 

Studies of bacterial resistance to 6-azauracil and its riboside* 

I t  was previously reported t ha t  6-azauracil (as-triazine-3,5-dione, AzU) is an effective inhibitor  
of the growth of a num ber  of species of microorganisms and experimental neoplasms in mice 1, 2, 3, 4. 
However,  in the microbial studies, resis tant  populat ions  ul t imately evolved in most  experiments.  
The na ture  of this resistance has been investigated in Streptococcus laecalis (A.T.C.C. 8043 ) and 
less completely in Escherichia coli B and Lactobacillus leichmannii (A.T.C.C. 7830). When S. [aecalis 
was grown in the presence of 6-azauracil-2-14C ** essentially no free AzU or nucleic acid-bound 

* This investigation was suppor ted  in par t  by  a postdoctoral  fellowship grant  from the Squibb 
Ins t i tu te  for Medical Research and by  research grants  from the American Cancer Society, recom- 
mended by the Committee on Growth, National  Research Council, and the National  Ins t i tu tes  
of Health,  Public Heal th  Service. 

** This compound,  as-triazine-3,5-dione-3-z4C, was prepared by  Dr. P. K. CHANG in this de- 
pa r tmen t  by a method to be submit ted  for publication. 


