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SUMMARY 

The oonditiona of obtaining P4C3 acetylated pectio 
acid with a high specific activity are presented. On the 
basis of radioisotope measurements of the liberated, label- 
led aoetic acid, the activity of deacetylaae aaaooiated with 
the Vii, Vi11 and Vi111 phags partiols was determined. It 
has been shown that acstylated pectic aoid is a substrate 
for the enzyme of those phages. The conditions ef identifying 
the deacetylaae are presented; it ha8 been shown that the 
activity ef Vi phage II enzyme is ropreased by the phesphate 
buffer. In a system analogous to the ona used for the Vi- 
-pelysaooharide, the raoeptor activity of the acetylated 
pectio acid oan not be shown. 

Vi polysaccharide / N,O aoetylated / 1 - 4 /-2 amino- 

-2 deozy-d-D-galaeturonan / isolated from bacteria is 

deaoetylated by Vi &ages / 1,2,3 /. Tha enzyme, deacetylase, 

is located at the end of its tail / 1,4,5 /. The deacetylaae 

of Vi phage III / acetyl-CC-l,&galaoturonan acylhydrolase / 

shows a similar substrate speoificity tewards Vi poly8aooha- 

ride as to a medified substrate - 0 lacetylated / 1 - 4 /-Cc- 

-D-polygalacturonan / 6 /. The specifiaity ef this enzyme 

of the morphologically different Vi phages / 7,8 / to thie 

artificial substrate has not been tested. 

In previous papers / 5,6,9 / acetic acid liberated in 

enzyme reaction, was identified by the gas-liquid-chromato- 

graphy method. In the present study the method for[ 14C] 

acetylation of peotio acid and a method for assaying the 

liberated acetic acid, based on radioactivity measurements, 

are described. This method makes possible a very quick de- 
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termination of enzyme activity in different buffers, with- 

out introducing the inner standard and without determining 

the coefficients. 

MATERIALS AND METHODS 

Vi phages I, II and III were obtained from the Inter- 
national Reference Laboratory for Enteric Phage Typing in 
London. Vi phages I and II were propagated, as described 
previously / 1,3 /, on Salmonella typhi 21802 from the 
National Reference Laboratory for Enteric Phage Typing in 
Cdabak, Poland. Vi phage III was propagated on Citrobacter 
Ci 23, as described elsewhere / 5 /. Lyaates of Vi phase I 
and II were purified on ECTEOLA ooluan and by differential 
centrifugation / 3 /. The lysates of Vi phage III, after 
being concentrated by the subpressure dialyae method, were 
centrifuged in density gradient of oessium chloride / 5 /. 
The phage titrations were carried out by Adams teohnique 
/ 10 / using a S. typhi. 

Isolation of Vi polysacoharide. Vi polysacoharide was 
isolated from an agar Citrobacter Ci 23 oulture and purified 
on DEAR Sephadex A-25 column / 6 /. 

+@etylation of peotic acid. 
with[ 

The acetylation prooedure 
C] anhydride of acetic acid was based on the method 

described elsewhere / 6 /. 500 mg of peotic acid /m.w.20000/ 
was dissolved in 20 ml of boiling formamide and then cooled 
to room temperature. Mixing this solution all the time, an 
equal volume of pyridine was added by drops / at the speed 
8% 0.5 ml/min./. Subsequently, to this gel solution 5 ml 
[ C] acetic acid anhydrite / 0.4 mCi/ml, obtained from 
I!zOTOP - USSR, 12.4 mCi/mM and 98s of radiochemlcal purity / 
was'added by drops / 0.5 ml/min./. The mixing of the aolu- 
tion was continued at room temperature for 3 hours. Next, 
15 ml of the anhydrite, not labelled with the qdioisotope, 
was added to it. After a night incubation at 27 C the aolu- 
tion was purified with ice, dialysed against a flowing wa- 
ter and lyophylized. The contaminated produot was then pu- 
rified on a DEAE Sephadex A-25 column / 2 x 25 cm, the 
speed of flowing 0.25 ml/min./, equilibrated with 50 mM 
Tris-HCl buffer pH 7.4. The adsorbed product was eluted 
from the oolumn with a linear concentration gradient of NaCl 
/O- 0.8 M / in the same buffer. The conoentration of aoe- 
tylated pectic acid in each one of 2.5 ml fractions was de- 
termined by Webster et al. / 11 / method. The radioactivity 
of the fractions was measured with a grainend counter. The 
fractions eluted with 0.5 - 0.6 M of NaCl showed a high con- 
centration of acetylated peotic acid and a high radioacti- 
vity / Fig. 1 /. Those fractions were pooled, dialysed 
against water and lyophylized. 350 tag of substrate, with a 
speoific activ+ty of 230 nCi/mg was obtained. The final pro- 
duot had one [ C] acetyl group/lOOO. The degree of acety- 
lation, determined by Snyder and Stephens / 12 / method, 
attained 18% 

The radioactivity measurements of[14C] acetic acid 
were carried out by means of a Nuclear Chicago scintillation 
counter, using the Bray scintillator system / 13 /. 
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Fraction number 

Fig. 1. Elution profile of [14C] acetylated pectic aoid 
on DEAE Sephader A-25 coltuun with 0 - 0.8 M &Cl with 
50 mM *is-IiCl buffer pH 7.4. - optical density after 
reaotion with bovine serum albumin, o--o radioaotivity /cpm/. 

RESULTS AND DISCUSSION 

The initial determination of Vi phage III deacetylase 

activity, using the[ 14 C] aoetylated peotio acid as a sub- 

strate, was carried out aooording to methods previously de- 

soribed / 5,6 /. Inherent in the results obtained was a 

high error, especially for low phage oonoentrations. This 

error was the result of a high speoific radioactivity of 

the blind test / without phase /. It indicated a low effi- 

ciency of the polyhexuronio aoid precipitation by uranyl 

nitrate. In the further experiments n-butanol ua8 used for 

the extraction of the liberated aoetio acid. The separation 

coefficient in water : n-butanol system was a= 1 / Fig. 2 /, 

and the radioactivity of the n-butanol fraotion after the 

extraction of the water solution of [ 14 C] acetylated peotio 

acid did not surpass 0.3%. On the basis of those data the 

determination of deacetylase activity was carried out as 

follows: To 0.1 ml of[14 C] acetylated pectio acid in a con- 
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g 2 Radioactivity of CH 14COOH in water (O-O) and 
,Mrt;r ktraotion with n-butaaol f--1 . a8 a- function of 
Alq4ive concentration of the a&tic h&id. To 0.4 ml of 
CH 
was 

COOH with a known radioactivity 0.4 ml of n-butanol 
added. After 15 min. extraction at room temperature, 

the radioactivity of the organic phase was measured. 

centration of 6 mg/ml in 67 mM phosphate buffer pH ‘7.8, an 

equal volume of phage suspension of given concentration in 

the same buffer was added. After 20 min. incubation at 37OC 

the reaction was stopped by adding 0.05 ml of 1 M acetic 

acid and by cooling the mixture in an ice bath. Afterwards 

0.4 ml of n-butanol was added and the extraction of the 

acetic acid was carried out for 15 min. at room temperature. 

After centrifugation / 500 x 6, I min. / the radioactivity 

of the 0.3 ml n-butanol fraction was measured. 

Using this method the relationship between the radio- 

activity of the liberated acetic acid and concentration of 

Vi phages I, II and III was determined / Fig. 3 /. The de- 

pendence found for the Vi phage III deacetylase, taking 

into account the efficiency of titration on Citrobacter Ci 23 
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Fig. 3. Radiomotivity of released moetic l oid frem l oe- 
m pootio acid as l funotion of co trmtion of Vi 
phgoa. The phasea worm inoubrted with ???I C l ooty1at.d 
peotic raid in 8 aonoentxmtion of 6 mg@l in 67 mM phecl- 
phate buffer pH 7.8, for 20 min. at 37 C.O-• Vi phage I, 
in--la vi phage 11,0---o vi phrge III. 

- S. typhi, is in acoordauce with that obtained earlier / 6 /. 

The dependence is of a similar nature for Vi phage I, too. 

An explicit enzymatic activity reduotion for Vi phase II 

could have been caused by a lov speoifioity of the enzyme 

to this substrate, or by some inhibitory effeot of the pho- 

sphates on the reaction, as has been suggested by Taylor / 3 / 

who investigated the receptor activity of Vi polysaooharide. 

In Table 1 the results of deacetylase aotivitp of Vi phase II 

in various media are shown. The highest aotivity of Vi phage 

II enzyme oan be shown in Tris-HCl buffer. An addition of 

the phosphate buffer to this medium deoreased the activity 

of Vi phase II deacetylase. In 80 mM phosphate buffer the 

aotivity of this phage enzyme decreases to about 20% of the 

initial aotivity / Fig. 4 /. Those results can substantiate 
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Tablo 1 

Relationship between Vi phage II deaoetylase activity and the 

buffer system / 50 mM, pH 7.8 /. 

Buffer Radioaotivity '$ of radioactivity 
/ cpm / 

Tris-HCl 1660 100 

ammonium aoetate 1426 86 

phosphate 900 54 

Vi phage II were in a ooncentration of about 3 I. lO"pfu/ml. 
Other conditions of reaction were the same as described pre- 
viously. 

the low aotivity of the Vi pbage II deaoetylase in a 67 at&f 

$hosphete buffer / of Fig. 3 /. The optimum pH of deaoetyla- 

de activity of Vi phage I, II and III is similar / Fig. 5 /, 

its value being 7.8. This result additionally oonfirme that 

01 0.2 01 086 0.6 1 

Relative concentration of phosphate 

Fig. 4. Dependenoe of Vi phage II deaaetylaae activity 
on the oonoantration of phoephate in 80 mM Tris-HCl buf- 
fer pH 7.8. Relative oonoontration of phoapbate in inou- 
bation medium was caloulated from the formula: 

80 mM phosphate buffer pR 7.8 /ml/ 
&I ~ phoaphte buffer pH 7.8 /ml/ + 80 ml4 Trie-HCl buffer PH 7.8 

Canoe&ration of substrate, time of incubation and tempera- 
ture wore the same as previously descrtved / of Fig. 3 /, 
oonoentration of phagea - about 2 x 10 pf u/ml. 
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Fig. 5. Relationship between Vi pbages deacetylase and ?, 
the pH. All phages were in a conoentration about 2 I 10 
pfu/ml. The reaction was proved in 50 mM Tris-HCl buffer. 
m-m vi phageI,E? -H Vi phage 11,0-o Vi phage III. 

Fig. 6. Dependence of Vi phage II deacetylase activity 
on the molarity of Tris-HCl buffer ~7~7.8. Vi phase II 
were in a conoentration about 2 x 10 pfu/ml. 

the decrease in deeoetylase activity of Vi phage II is cau- 

sed by phosphate. 

Nextlp, the dependence of the deacetylase activity of 

Vi pbage II on the molaritp of Tris-HCl buffer / Fig. 6 /, 

and the relation between amount of liberated radioaotivity 

and phase aoncentration were determined / Fig. 7 /. !IW.s 

results prove that the acetylated pectic acid is a substrate 

for deacetylass of all the Vi phages. Probably the suppree- 

s&on of deacetylation reaction of the Vi phase II enzyme by 

the phosphate buffer indicates an alloeterio nature of this 

enzyme / study in progress /. 

In the second part of this work, experiments show- 

the receptor activity of acetylated peotic aoid were car- 
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Fig. 7. Relationship between Vi pbsge II catalyzed acetio 
acid liberation from aoetylated pectio acid and the concen- 
tration of pbsgs. Increasing amounts of phagea were incu- 
bated in 50 n&l Tris-HCl buffer pH 2.8, containing acetyla- 
ted peotic acid / 6 rag/ml /, at 37 C. 

ried out. Methods for the determination of reoeptor activity 

of Vi polysaocharide were used / 1,2,14 /. In these experi- 

ments blood cell membranes were ooated with acetylated pectio 

acid or with Vi polyeaccharide. After inoubation and centri- 

fugation of the erythrooyte membrane / 3000 x Q, 10 min. / 

the oonoentrations of Vi polysacobaride and acetylated pectic 

acid in the supernatant were determined. The concentration of 

Vi polysaooharide in the supernatant was 90% lower, but the 

concentration of the acetylated pectic acid was the same as 

the oontrol. We oonoluded that in the conditions used the 

erythrocyte q embrenea are not coated by the acetylated pec- 

tic aoid. This makes it impossible to show the speoificity 

of Vi phage adsorption in this artificial z#yatem, and to 

determine the receptor activity of the acetylated pectic 

aoid. 
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