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SUMMARY 

Thaumatin I has been labelled by reductive methylation of four of the 
E-amino groups of the lysine residues in the protein with tritiated 
sodium borohydride.Methy1ation with unlabelled sodium borohydride showed 
that up to seven amino groups can be methylated without loss of sweet- 
ness intensity. 
The yield of the tritium-labelled methylated Thaumatin I was 31% with 
a tritium incorporation of 4 .7%.  Its specific radioactivity was 12.8 
Ci/mmol. 
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INTRODUCTION 

Studies of the interaction of Thaumatin I, the sweet-tasting protein from 

the fruit of Th?zawnutococcus dunieZl iZ benth (l), with the gustatory 

epithelium require radioactive labelling of the protein to a high specific 

activity. 

Recently (2), we achieved a reductive methylation of Thaumatin by the 

procedure of Means and Feeney ( 3 ) ,  without l o s s  of sweetness intensity. De 

la Llosa et al. ( 4 )  and Ascoli and Puett (5) used reductive methylation 

with tritiated sodium borohydride to obtain a tritiated luteinizing hormone 

with a high specific radioactivity (26-98 Ci/mmol), 
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We t r i t i a t e d  t h e  l y s i n e  r e s i d u e s  of Thaumatin by r e d u c t i v e  me thy la t ion  

wi th  t r i t i a t e d  sodium borohydr ide .  

Materials  and methods 

Thaumatin I w a s  p repa red  a s  p r e v i o u s l y  d e s c r i b e d  ( 1 ) .  T r i t i a t e d  NaBH4 

(7.2 C i / m o l )  w a s  purchased  from Radiochemical Cen t re  Amersham, England ,  

SP-Sephadex C25 from Pharmacia,  Uppsala,  Sweden and a molecu la r  s i e v e  1 3 X  

from Union Carb ide .  The o t h e r  chemica ls  were of a n a l y t i c a l  g rade  from 

Merck, Germany. The UM-2 u l t r a f i l t r a t i o n  membranes were from Amicon, 

Oos terhout ,  The Nether lands .  

Amino a c i d  a n a l y s e s  were performed i n  a Beckman Unichrom Amino a c i d  ana lyze r  

u s i n g  the  method of Kuehl and A d e l s t e i n  (6) f o r  t h e  s e p a r a t i o n  of l y s i n e ,  

monomethyllysine and d i m e t h y l l y s i n e .  T r i t i u m  w a s  de te rmined  w i t h  a Packard- 

Tri-Carb l i q u i d  s c i n t i l l a t i o n  spec t romete r ,  model 3375. E l e c t r o p h o r e s i s  

was done on 4x17 cm g e l a t i n a t e d  c e l l u l o s e  a c e t a t e  s t r i p s  ( C e l l o g e l  ex  

Chematron, Milan, I t a l y )  i n  potass ium g l y c i n a t e  (0 .03  m o l / l ;  pH 1 0 . 5 ) .  

Preparation of t r i t i a t e d  methylated Thawnatin I 

Thaumatin I (20 mg, 1 umol) d i s s o l v e d  i n  1 m l  sodium b o r a t e  b u f f e r  (0 .03  

m o l / l ;  pH 9 .0)  was mixed a t  O°C w i th  a s o l u t i o n  of 0 .53  mg t r i t i a t e d  NaBH4 

(14  pmol, 85 mCi) i n  0.5 m l  of t h e  same b u f f e r .  I n  8 min, 4.2 p l  of an 

aqueous s o l u t i o n  of formaldehyde (40%,  55  pmol) was added wi th  v igo rous  

s t i r r i n g  . 

T h i s  p a r t  of t h e  r e a c t i o n  was c a r r i e d  o u t  under  a gas  f low of a mix tu re  of 

n i t r o g e n  and hydrogen (40/1)  i n  o r d e r  t o  t r a n s p o r t  t h e  excess  of t r i t i u m  

gas  l i b e r a t e d  from the  c losed  a p p a r a t u s .  This  g a s  f low w a s  l ed  through a 

U-tube f i l l e d  wi th  250 mg P t02  a t  125OC t o  conve r t  3H i n t o  3H20 and 

subsequen t ly  through a U-tube f i l l e d  wi th  molecular  s i e v e  13X t o  b ind  t h e  

3 H 2 0 .  
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After standing for 10 min at O°C, the reaction mixture was diluted with 

25 ml water, concentrated on a UM-2 filter to 2 ml, again diluted with 

50 ml sodium glycinate buffer (0.02 mol/l; pH 9.2) and concentrated to 

2 ml on a UM-2 filter. In this way, most of the unreacted sodium boro- 

hydride and exchangeable tritium were removed. 

I so la t ion  of t r i t i a t e d  methy luted Thawnutin I 

The 2 ml solution of the tritiated material was diluted to 10 ml with 

sodium glycinate buffer (0.02 mol/l; pH 9 . 2 )  and chromatographed on a 

SP-Sephadex C 2 5  ion-exchanger column using a continuous pH-gradient from 

pH 9 .2  to 10.4 ( 2 ) .  Three fractions were obtained: a front-peak fraction 

(2 mCi) and two fractions (A and B) consisting of methylated Thaumatins 

(total activity of these two fractions: 10.5 mCi). Fractions A and B were 

ultrafiltered on LIM 2 Diaflo membranes and subsequently freeze-dried 

(total activity after ultrafiltration: 7.1 mCi). 

As fraction B (7.3 mg; 3.1 mCi) was contaminated with some coloured 

material and fraction A ( 6 . 2  mg; 4.0 mCi) was pure methylated Thaumatin, 

we used only fraction A for further analysis. The yield of this fraction 

was 31% with a tritium incorporation of 4.7% and a specific radioactivity 

of 12.8 Ci/mmol. The freeze-dried tritiated methylated Thaumatins were 

stored at -2OOC. The stability of the methylated Thaumatin from fraction 

A was determined by two different methods. Firstly, by gel electrophoresis 

on Cellogel, a rapid method requiring only small quantities of material 

(15 pg). Secondly, by small-scale ion-exchange chromatography on SP-Sephadex 

C25 (Bed volume 0.3 ml). After application of the sample, the column was 

washed with a sodium glycinate buffer (0.02 mol/l; pH 9.2) until no radio- 

activity was measured. The pure methylated Thaumatin was subsequently 

eluted with a sodium glycinate buffer (0.02 mol/l; pH 10.4). After a period 

of five months, 80% of the methylated Thaumatin was still intact. 
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Dis tr ibut ion  o f  the  r a d i o a c t i v i t y  i n  the Zysine res idues  
of f r a c t i o n  A of  the t r i t i a t e d  methyiated Thawnatin I 

F r a c t i o n  A w a s  hydro lysed  (HC1, 5 mol/l) i n  a s e a l e d  tube  under n i t r o g e n  

a t  l l O ° C  f o r  22 h and evapora t ed  t o  d ryness .  A l l  r a d i o a c t i v i t y  was r e -  

covered i n d i c a t i n g  t h a t  t h e  p r e p a r a t i o n  w a s  f r e e  from l a b i l e  t r i t i u m .  

The d i s t r i b u t i o n  of t h e  r a d i o a c t i v i t y  was de t e rmined ,  as w e l l  a s  t h e  amino 

a c i d  r e s i d u e s  pe r  mol i n  t h e  f r a c t i o n s  ob ta ined  from the  amino a c i d  a n a l y s i s  

accord ing  t o  Kuehl and A d e l s t e i n  (Table 1).  It appea r s  t h a t  92% of t h e  

t r i t i u m  l a b e l  i s  p r e s e n t  i n  mono- and d i m e t h y l l y s i n e  r e s i d u e s  of t h e  

molecule .  

Table 1. Ana lys i s  of  t h e  h y d r o l y s a t e  of f r a c t i o n  A of t r i t i a t e d  me thy la t ed  
Thaumatin I.  D i s t r i b u t i o n  of t h e  r a d i o a c t i v i t y  and t h e  amino 
a c i d s  over t h e  f r a c t i o n s  from t h e  amino a c i d  a n a l y z e r  column 

f r a c t i o n  number amino a c i d  r e s idues /mol  r a d i o a c t i v i t y / %  

- - 1 - 12 0.06 

13  - 2 1  a c i d i c  and n e u t r a l  155 3.4 

22 - 38 t y r o s i n e / p h e n y l  1 7  
a l a n i n e  

39 - 76 

7 7  - 8 1  

82 - 85 

86 - 89 

90  - 96 

97 - 124 

125 - 131 

132 - 

l y s i n e  

- 

monomethyllysine 

dime thy1  l y  s i n e  

- 

ammonia 

a r  g i n i n e  

- 

11 

0.11 

0.36 

0.03  

0 .14  

12.8 

79.2 

1.9 

0 .11  

1.6 
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According t o  Rice  and Means ( 7 ) ,  r e d u c t i v e  m e t h y l a t i o n  i s  achieved  by t h e  

a d d i t i o n  of two hydrogen atoms t o  t h e  double  bond of a S c h i f f  base :  

P-NH2 + 2 HCHO + 1 NaBH4 - P-N (CH3)2 + 4 Na' + 4 H2B03 

One -N(CH ) 

- 
+ 4 H 2 0  

group needs  4 mol NaBH4.  3 2  

From t h e  r a d i o a c t i v i t y  pe rcen tages  i n  Table  1,  we c a l c u l a t e d  t h e  p re sence  

of 2 .8  d i m e t h y l l y s i n e  r e s i d u e s  and 0.9 monomethyllysine r e s i d u e s .  T h i s  

a g r e e s  ve ry  w e l l  w i th  t h e  f i g u r e s  ob ta ined  from the  amino a c i d  a n a l y s i s .  

So ,  f o u r  of t h e  t e n  €-NH2 g roups  i n  the  molecule (8) a r e  me thy la t ed .  The 

molar r a t i o  of p r o t e i n  t o  formaldehyde was h e r e  1 t o  55. 

I n  the  me thy la t ion  of Thaumatin I wi th  u n l a b e l l e d  NaBH4 ( 2 ) ,  t h e  molar 

r a t i o  of p r o t e i n  t o  formaldehyde was 1 t o  86 which r e s u l t e d  i n  t h e  

m e t h y l a t i o n  of seven f r e e  NH -groups wi thou t  l o s s  of sweetness .  T h e r e f o r e ,  

i t  i s  c e r t a i n  t h a t  t h e  t r i t i a t e d  me thy la t ed  Thaumatin I h a s  t h e  same 

sweetness  i n t e n s i t y  a s  t h e  u n t r e a t e d  Thaumatin and t h a t  i t  i s  s u i t a b l e  

f o r  b i o l o g i c a l  and au to rad iog raph ic  exper iments .  

2 

ACKNOWLEDGEMENT 

Thanks are due t o  D r .  I. H e e r t j e  and Messrs. H.  van T i l b o r g  and K.P. Hiss ink  

f o r  t h e i r  t e c h n i c a l  adv ice  i n  r a d i o a c t i v e  work and t o  M r  G.  R i c h t e r s  f o r  

c a r r y i n g  ou t  t h e  amino a c i d  a n a l y s i s .  



740 H. van der Wel, A .  Wiersma and J.N. Prouwer 

5. 

6 .  

7 .  

8. 

REFERENCES 

Van d e r  Wel, H. and Loeve, K .  - Eur .  J. Biochem. 2: 221 (1972) .  

Van d e r  Wel, H.  and Bel, W . J .  - Chem. S e n s e s  F l a v o r ,  2: 211 ( 1 9 7 6 ) .  

Means, G .E .  and Feeney ,  R.E. - B i o c h e m i s t r y  I: 2192 ( 1 9 6 8 ) .  

D e  l a  L l o s a ,  P . ,  Marche, P . ,  Morgat ,  J . L .  and D e  l a  Llosa-Hermier ,  
M.P. - FEBS L e t t .  41: 162 (1974) .  

A s c o l i ,  M. and P u e t t ,  D. - Biochim. Biophys .  Acta 371: 203 ( 1 9 7 4 ) .  

Kuehl ,  W.M. and A d e l s t e i n ,  R.S. - Biochem. Biophys .  R e s .  Commun. 37: 
59 (1969) .  

R i c e ,  R . H .  and Means, G.E. - J. B i o l .  Chem. 246: 831 (1971) .  

Van d e r  Wel, H .  (1974) - Symposium: S w e e t e n e r s  ( I n g l e t t ,  G.E.  e d . )  pp.  
194-203. A V I ,  W e s t p o r t ,  C o n n e c t i c u t ,  1974. 




