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SUMMARY. 

In non aqueous solvents, the Schiff base form of PLP absorbing at 
330 nm fluoresces either at 525 nm or at 430 nm. The former emission, observed 
in CCI 4 or CHCi3, is due to H displacement in the intramolecular H bond 
between phenolic group and imlne nitrogen; the latter, observed in H accepting 
soivents, is due to the ionized form in the excited state. The spectral 
properties of PLP in glycogen phosphorylase and in aspartate aminotransferase 
are ascribed to the possibility of H-bonding interaction between the 
coenzyme and its microenvironment. 

There i s  some e v i d e n c e  t h a t  PLP ~, bound t o  an ~ amino group o f  a 

l y s i n e  r e s i d u e  i n  g l ycogen  p h o s p h o r y i a s e  (1) o r  i n  a s p a r t a t e  a m i n o t r a n s -  

f e r a s e  ( 2 , 3 )  e x i s t s  in  a h y d r o p h o b i c  e n v i r o n m e n t  ( 4 , 5 ) .  At  n e u t r a l  pH t he  

s p e c t r a l  p r o p e r t i e s  o f  t hese  two S c h i f f  bases a re  v e r y  d i f f e r e n t  : i n  phos-  

p h o r y l a s e ,  t h e  S e h i f f  base absorbs l i g h t  a t  333 nm and f l u o r e s c e s  a t  525 nm 

( 4 , 6 ) ;  i n  a m i n o t r a n s f e r a s e  i t  absorbs  a t  430 n m (  a t  pH < 6 .3 )  o r  a t  360 nm 

(a t  pH > 6 .3 )  and e m i t s  a t  510 o r  430 nm ( 5 , 7 ) .  For  model  systems : n b u t y l a -  

mine, v a l i n e  o r  n h e x y l a m i n e  -PLP in  v a r i o u s  s o l v e n t s  t h e  observed  p r o p e r t i e s  

o f  S c h i f f  bases a re  v e r y  d i f f e r e n t  : as p r e v i o u s l y  r e p o r t e d  i n  H20 o r  i n  DMF, 

t h e  fo rm a b s o r b i n g  a t  330 nm em i t s  a t  430 nm ( 5 ) ,  S h a l t i e l  and C o r t i j o  (4) 

have observed t h a t  t h e  same spec ies  i n  CHC13 em i t s  a t  525 nm. T h e r e f o r e ,  t o  

e l u c i d a t e  t he  e f f e c t  o f  t he  m i c r o e n v i r c n m e n t ,  we have s t u d i e d  the. f l u o r e s c e n c e  

Abbreviations : PLP, pyridoxal 5' phosphate 
OMF N, N'-dimethylformamide 
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of Sohiff bases of PLP and n butylamlne in solvents of various dielectric 

constant and H accepting power. 

MATERIAL AND METHODS. 

As:previously described, [5], samples used are PLP A grade from 

Calbiochem and n butylamine RP Prolabo redistillated in the laboratory. The 

solvents are solvents Merck for spectroscopy and are not purlfied before use. 

Absorption studies are performed with a Cary model 14. Fluorescence spectra 

are recorded with an Aminco Bowman spectrofluorometer, with a bandwidth of about 
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Fig. 2 : Absorption spectra of Schiff base [PLP 7 x IO-5M, n butylamine 
2.5 x I0 -#M] in various solvents :-l|--m- dioxane; ~ DMF; 
- -  H20,the dotted line represents decomposition of this spectrum. 
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10 nm. Emission and excitation spectra are not corrected ; according to Chert 

[8) for the emission spectra recorded with a monochromator blazed at 500 nm 

and a photomultiplier I P 28, corrections need not be applied between 350 and 

430 nm and ate less than 15 ~ at 530 rim. In this study we do not determine 

absolute quantum yields, but only relative yields. 

RESULTS. 

Absorption spectra. Figure 1 gives the spectra of Schiff bases of PLP 

and n butylamine in various solvents, including H20 at a pH where the pyridine 

nitrogen is deprotonated in the Schiff base (4). The spectra are indicated in 
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Pig. 2 : Fluorescence spectrum of Schiff base o4 PLP and n butylamine in 
various solvents. The spectra correspond to an absorbance o4 0.1 
at the wavelength of excitation. 

......... in CCI 4, excitation at 339 nm 

...... in dioxane, excitation at 337 nm 

in OMF, excitation at 335 nm 

~ in H20, excitation at 325 nm (scale on the right) 

- - ~  in H20, excitation at 410 rim. 
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wavenumbers to facilitate the correlation to the transition energy. 

Emission spectra. Figure 2 shows the fluorescence spectra of the Schiff 

base form absorbing at about 330 nm; they correspond to an absorbance of O,fl 

at the maximum of the absorption band. In aqueous solvent, the emission corres- 

ponding to the excitation at 410 nm is also indicated. 

The results are summarized in the table with the physical characteris- 

tics of the used solvents. 

DISCUSSION. 

From the results indicated in the table, it appears that three 

phenomena are observed : a blue shift of the absorption at 330 nm by increasing 

the polarity of the milieu, the appearance of a form absorbing at 410 nm 

when the dielectric constant is high and two emission bands [430 and 525 nm] 

varying with the composition of the milieu. 

TABLE 

[ : : : :~ . . : 
[ Solvent dielectric refractive :Aabsorption : omzsslon :&Vabs / abs in 
[ : constant : index : nm : nm : CC14 

( : : : : : [ 3 3 0  nm b a n d )  
( ............ : ............ : ............ ! ............ : .......... : .................. 

( -" _. : : -" 

( C C 1 4  ; 2 , 2  : 1 , 4 5 7  • 3 3 9  : 5 3 3  : 0 
[ ; : ,, ; : 

[ : ; _" , -" 

(Dioxane : 2,2 : 1,420 : 337 : 1 413 : 200 cm -I 
[ ; • • : ~ 5 3 0  ; 
[ = : : = : 

[ " : : -" _. 

[[CH3CN I 335 1425 -I : 3 7 ,  5 ; 1 , 3 4 2  : " 5 2 0  : 4 0 0  orn 

: : " ~v~425 : 520 : [ • : : • • 

[ -" • _. • : 

( : : = ( 3 3 5  : ~425 : 
[DMF : 3B : 1 , 4 2 7  : ~ : ~. 5 2 0  : 4 0 0  cm 

[ : : : { 425 : ~520 : 
[ : : : : : 

[ : : : ~ 325 : 428 : 

[H_O : 80 : 1,333 : ~ 410 = 505 : 1250 cm -I [ z : : : : : 

[ : | • : : 

Absorption end omission spectra of a Schlff base PLP-n butylamine in various 
solvents. 
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In aqueous solvent, the two absorption bands have been attributed to 

the tautomerlc forms [enol-imine and Keto-enamine] of the Schiff bases [5,9]. In 

non aqueous solvents, the same tautomers are observed, but the population is 

inverted [4,9]. The absorbance of the Schlff base at 330 nm [enol-imine form] is 

too high to be due to an n ÷ ~ transition [~ = 3500] so the blue shift obtained 

by increasing the polarity of the solvent is very surprising : the best expla- 

nation is the formation of a hydrogen bond between the molecule end the solvent, 

which is slightly stronger in the ground state than in the excited state [10]. 

In aqueous solvent for the Schiff base PLP-n butylamine or in DMF for 

the Schi~f base PLP-valine, we observed that the emission at 510 nm occurs from 

the Keto-enamine absorbing at 410 nm and the emission at 430 nm occurs from the 

enol-imine tautomere absorbing at 325 or 333 nm. In nonpolar solvents such as 
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HCCI 3 or CC14, from the enol imine teutomere the emission of the Keto-enamine is 

observed. In H accepting solvents as dioxane or DMF the two emissions are 

observed (for the Schiff base PLP-n butylamine). This phenomenon is very similar 

to that observed in analoguous compounds: anils (11], and can be summarized as in 

figure 3. For non polar solvent the equilibrium in the excited state is displaced 

far toward IIm; in solvent able to accept H (ionisation or H bond) as 

H20, DMF, acetonitril~ dioxane, the equilibrium is displaced toward 

I m ... solvent or I m- + H +. 

Application to PLP enzymes. From the absorption and emission spectra 

of the coenzyme in aspartate aminotransferase and in glycogen phosphorylase, 

it has been shown that the microenvironment of PLP is hydrophobic (4,5). 

In asparta~e aminotransferase the PLP can exists as a deprotonated Schiff 

base, as a Schiff base protonated on the imine nitrogen and maintained 

by electrostatic interaction with a group YH + or as an unknown form 

a 

/ 

.... , . t  _ ! . . . .  , y /  

b 

Fig. 4 : Schematic representation of PLP : 
a in phosphorylase 
b in aspartate aminotransferase (active form). 
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absorbing at 340 nm (12). According to Martinez-Carrion et al. (13) 

this form may have a tetrahedral carbon attached to a group X of the protein; 

the results presented here show that it may be a Schiff base protonated on 

the phenol group, The most surprising result about glycogen phosphorylase 

is the emission at 535 nm (14] : it means that PLP in this enzyme is in a 

hydrophobic region (4) and, from the results of this work, it means also 

that there is not any H accepting group in the proximity of the PLP and no 

competition between the protein and the intramolecular H bond of the Schiff 

base (F ig .  4 ) .  

ACKNOWLEDGMENTS. 

We would like to thank Dr. H. Buc and his collaborators for helpful 

discussion and Progessor J. Yon for advice and criticism on manuscript. 

BIBLIOGRAPHY. 

I. E.H. Fisher, A.B. Kent, E,R. Snyder and E.G. Krebs, J. Amer. Chem 
Soc. 30,2906, (1958). 

2. O.L. PalyanovsKy and B.A. Keil, BioKhimiya, 28, 372 [1963]. 
3. R.C. Hughes, W.T. Jenkins and E.H. Fisher, Proc. Natl. Aoad. Sci. 

U.S. ,  48, 1615 (1962).  
4. S. S h a l t i e l  and M. C o r t i j o ,  Biochem. Biophys,  Res. Commun., 41, 

594 (1970).  
5. M. A r r i o - D u p o n t ,  Phatochem. P h o t o b i o l . ,  12, 297 (1970).  
6. A.B. Kent, E.G. Krebs and E.H. F i s h e r ,  J. B i o l .  Chem. 232, 549 (1958).  
7. P. F a s e l l a ,  C. Turano, A. G i a r t o s i o  and I .  Hammadi, G io rn .  d i  

B ioch im.  10, 175 ('1961). 
6. R.F. Chen, A n a l y t .  Biochem. 20, 339 (1967).  
9. A.E. M a r t e l l ,  In 1st  I . U . B .  symp. P y r i d o x a l  C a t a l y s i s ,  Rome 1962 

[Ed. by E.E. S n e l l ,  P.M. F a s e l l a ,  A.E. B rauns te in  and A. Ross i -  
F a n e l l i ) ,  p. 13. Pergamon Press ,  Oxford ,  1963. 

10. G.C. P lmen te l ,  J.  Amer, Chem. Soc. 79,3323~(1957) .  
11. D.M. Cohen and G.M.J. Schmidt ,  J. Phys. Chem,, 66, 2442 (1962).  
12. P. F a s e l l a ,  In 2rid I . U . B .  Symp. P y r i d o x a l  C a t a l y s i s ,  Moscow 1966 

(Ed. by E.E. S n e l l ,  A.E. B rauns te in ,  E.S. Sever in  and Yu. M. 
To rch insKy) ,  p. 1. I n t e r s c i e n c e ,  New York ,  1966. 

13. M. M a r t i n e z - C a r r i o n ,  D.C. T iemer and D.L. Paterson,  B i o c h e m i s t r y ,  
9, 2574 (1970).  

14. M. C o r t i j o ,  I . Z .  Ste inber@ and S. S h a l t i e l ,  J. B i o l .  Chem., 246, 
933 (1971J. 

659 


