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Selective ace tyla tic n of tyrosine residues in toma to pectin esterase with an 80 mo la r excess o f N­
-acetylim idazo le reduced the activity of the enzyme to 50;;;. D eacetyla ti o n with hyd ro xy l­
a mine res to red the origina l ac tivity of the enzy me. The difference in absorpti vities a t 278 11 111 

showed tha t 2 tyrosine residues of the enzyme had been acetyla ted . Spectrop hoto metric p H­
-titration of na tive pectin esterase revealed tha t 2 of the 12 tyrosine res idues in the e nzyme mo le­
cule were ioni zed at pH 9'3 - 9'5, and the rema ining 10 res idues at pH > 10 '5 . Acetyla ti o n 
o f the pectin esterase with aceta hydride resulted in an irreversible inh ibition of the e:1Zyme. 

Ni t ration o f the enzyme with te tranitrometha ne a lso suggested a role o f the ty ro'sine resid ues 
in the catalytic funct ion of the e nzy me. However, 10 min after the start of the nitra tion p recipi ta ­
ti o n set in. 

Tomato pectin esterase (EC 3.1.1.11) is sensitive to inhibition by iodine, and the 
extent of this inhibition increases with purity of the enzyme. On the bas is of these 
studies it was assumed that iodination affected tyrosine or histidi~le - tes idues. Any 
role of SH-groups in the catalytic function of the enzyme was however, excluded ' . 

The present paper describes the results of modification of the tyrosine residues 
of tomato pectin esterase, effected by acetylation with acetanhydride or N-acetyl­
imidazole, and by nitration with tetranitromethane. Spectrophotometric pH-titration 
of the native enzyme is also descr ibed. 

EXPERIMENTAL 

Preparation of the enzyme. One of the five multiple forms of the pectin esterase, present in to­
matoes in the grea test quanti ty2, was prepared in our laboratory by a procedure previou~ly descr i­
bed3 , involving extraction, precipitation with ammonium sulpha te, column chromatography 
on DEAE-Sephadex A-50, Sephadex G-75 and CM-Sephadex C-50. The molecular weigh t 
of the employed form of pectin esterase, conta ining 12 tyrosine residues, is close to 27 000 
(refs2,4) . 

Determination of activity of tile enzyme. The activity was determined, using purified c it ru s 
pectin (Genu Pectin , K0benha vns Pektin-fabrik , Denmark) as substrate, by continuous titrati on 
in an autotitra ting equipment PHM 29/TTT I (Radiometer, Copenhagen , Denma rk) under 
nitrogen in a thermostaticaly controlled vessel at 30°C and pH 7·0. 
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Acetylation of pectin esterase. Acetyla t io n wit h acetan lwdridc5 was cond ucted in a I M ace ta te 
buffer of pH 5·S, the concen tra tiol; of acctan hyd ride be ing G. 10 - 1 _ 1.1 0 - 1 1110 1l - t per 
3.10 - 6 1110 11 - 1 pectin esterase. 

Acetylati o n with N-acetylim idazo lc(i (F lu ka. Swi tz,ri a nd ). recrysta lli zed from benzene a nd 

kept in vacllo over P20S' was carried OLit at 25 ' C ill Tris-O·OI M-H CI buffer o r pH 7· 5. The co ncentra­
tion used was 02 .1O - -1- - 1·6. 10 - -1-mo ll - 1 N-acc tylimidazolc per 2.10 - 6 1110 11 - 1 pec ti n 

es terase , whi ch is 10 to SO mol of the agent per mol o f the en zy me. 

Deacetyl a ti o n was eflec ted with hy(hoxylamine hydrochl o ride pllriss, A. R . (Fluka , Swit zer­
land) in a fi na l co nce ntra ti on of 0 ·7111011 - 1 a t p H 7·5 and 25 ·C fo r 60 min. T he excess of th e 

a gent was re moved by dia lys is thro ugh mcmbra nes (Ka llc , Ak ti cnges., Wiesbadcn-Biebrich , 
F.R.G .) agai nst a SOO-fold volume of O·OSM -Tr is-HCI buffer pH 7·5, exchanged three times , for 
12 h a t 4vC 

Nitration of pect ill esterase . Ni tra ti o n7 wa s cfh:cted with redis t illed tetra nitrOl11cthane ( F lu ka. 

Switzerla nd). 0 ·S5 111011 - 1 in absolu te ethano l. The agc nt was ad dcd to the enzy me disso lved 
in O· IM-Tr is- H C I, pH g· O. Ten to 50-fo ld mo lar excess of the agen t was employed. The concent. ra­

tion of ethano l did not exceed 5% a nd did not a llect the ac tivit y of the pectin es te ra se. After 

60 min the reac tionl11ixture was passed throug h a co1umnofSephadcxG -25 F ine ( I x 10 cl11) 
equi libra ted with 0 ,05 ' 1 ammonium hydrogen ca rbo nat e (to re mo ve th e nitra ted e nz yme from 
the unreacted age nt) . 

Spectrophotollletric m eaSlirellll'lIts we re recorded wit h a s pectrophotomete r Uni ca m SP ISOO. 

The number of ace tyla ted tyrosi ne resid ues was calcu la ted from the rela ti o n /1c278 X M / I 160 X 

X c, where /16278 is the diffe rence bet wee n th e abso rba nces of the ace ty lated a nd the deacetylated 
sa mples, M the molecula r weight of t he e nzyme, c the conce ntra ti o n of the e nzy m e (mg/ l11l) 
and 1 160 is the molar a bsorpti vity of O-acetylt y ros ine6 . 

Spectrollletric titratioll of the na ti ve pec tin es terase was conducted in buffers, Tri s-H C I, g ly ­

cine - NaOH, lys ine - NaOH and in NaOH (with io nic strength brought to 1'1 - 1' 14,.1 with 
KCI) of pH 8-13, the enzyme concentra tion being 1 Illg / ml. The change in a bsorptivity at 295 mill 

a ssociated with ioniza tiun of one tyros ine residue was calculated fro m the re la ti on 2 540M - I >( 

X em - I (ref8 ), where M is the molec ular Illass of the enzyme. 

RESULTS AND DISCUSSION 

In the exposure to 6.10 - 2 mol I - I acetanhydride, the activity of pectin esterase 
(3.10- 6 mol I-I) decreased by 50% in 120 min . At an acetanhydride concentration 
of 10- 1 mol 1 - 1 the activity of the enzyme was reduced to 20% (Fig. 1). Partial 
deacetylation with hydroxylamine was achieved so long as the concentration of acet­
anhydride was under 8 . 10- 2 mol 1- 1; at higher concentrati on the inhibition was 
irreversible. The acetylation with acetanhydride is assumed to involve amino groups 
and to bring about partial denaturation of the protein 6

. 

N-acetylimidazole proved to be a milder and more selective acetylation agent than 
acetanhydride in the reaction with pectin esterase as well as other ellzymes6

. To reduce 
tbe enzyme activity to 50% the sufficient concentration of N-acetylimidazole was 
1,6.10- 4 moll- 1 (for 2.10- 6 moll- 1 pectin esterase). With this agent in a con­
centration range of O' 2 . 10 - 4 to 1·6. 10 - 4 moll- 1 , practically complete reactiva­
tion of the enzyme was attained (Fig. 2). The deacetylation was followed optically 
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FIG. 

The action of acetan hydride on pectin ester­
ase. The enzyme, 3. 10- 6 moll-I, was 

in I M aceta te buffer. pH 5'S; 1 acetanhydride, 
6. 10- 2 moll - I; 2 acetahydride. 6. 10 - 2 

mol 1- I, and deacetylation with 0 7M hydro­
xylamine, pH 7'5; 3 acetanhydride, 10 - 1 

mol I .. I. The axis of abscissas gives the rda­
tive enzymic activity in % 
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FIG. 3 

The action of tetranitromethane on pectin 
esterase. 1 A ten-fold molar excess of the 
agent; 2 a 50-fold molar excess of the agent 
(in 0·1 M Tris, pH S·O). The axis of abscissas 
gives the relative enzymic activity in % 
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FIG. 2 

Activity of pectin esterase in relation to con­
centration of N-acetylimidazole. The enzyme, 
2.10- 6 moll - I, was in O'OIM Tris, pH 7·5. 

1 60 min acetylation ; 2 deacetylation with 
hydroxylamine. The axis of ordinates gives 
the concentration of N-acetylimidazole, the 
axis of abscissas the relative enzymic activity 

in % 
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FIG. 

Spectrophotometric pH titration of tyrosine 
residues in native pectin esterase at 295 nm ; 
n denotes the number of ionized tyrosine 
residues 
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by the change of absorbance at 278 nm. The difference in absorptivity showed that 
2 tyrosine residues were acetylated if an 80-fold molar excess of N-acetylimidazole 

was used. Under these condition s the enzyme activity decreased to 50:1~ , but the 
action of hydroxylamine reactivated the enzyme fully. 

The action of tetranitromethane 011 pectin esterase also indicates a role of the tyro­
sine residues in the catalytic function of the enzyme A 10-fold molar excess reduced 

the enzymic activity to 55~:' in 60 min and to 30~/:' in 180 min. A 50-fold molar excess 
reduced it to 20% in 180 min (Fig. 3). The action of tetra nilromethane on the enzyme 
was accompanied by visible precipitation in the course of 10-20 min. This circum­
stance prevented us from determining the degree of the nitration. The same pheno­

menon was observed in nitration of other proteins with tetranitromethane. The 

precipitation of collagen and polymerization of 'Y-globulins were described 9
• The 

precipitation accompanying the nitration of trypsinogen and trypsin was ascribed 
to the formation of cross-links I 0. Also in dialysis of nitrated L-maleate oxidoreductase 

from pigeon liver the formation of an insoluble material was probably due to cross­
_linking!!. 

The reactivity of tyrosine residues in relation to conformation of the protein was 

followed by spectrophotometric pH titration. The course of the titration curve 
(Fig. 4) showed that out of the 12 tyrosine residues in a molecule of tomato pectin 

esterase12
, two were ionized at pH 9·3 to 9'5 and represented the accessible tyrosine 

residues, whereas the remaining 10 masked residues 6 were ionized at pH 10·5. This 
results is consistent with the previous results obtained in iodination of tomato 

pectin esterase, where one molecule of iodine was involved in the interaction with the 
active site!. It is also in full accordance with the modification of tyrosine residues 

by N-acetylimidazole, in which two tyrosine residues of the pectin esterase seemed 

to be acetylated. 

Acknowledgement for technical assistance is due to A1r T. Lipka. 
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