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Abstract - Two chemically modifkd forms of lipax from Psudomunap cepciu were prepared by scylation of the free 

amino groups of the protein with acetic and suxlnic snhydridcs. The catalytic activity, the ensntioselectivity and the 

thermal stability of the mod&d enzyme8 were wmpred with that dthe native form. Succinylation de&-mined an increase 

of stability without atIMing the cata@ical properties of the enzyme in the hydrolysis of choral esters. Acetylation resulted 

inaneehencedcatalpicactivitycwpledtoa~ sten%ebWiVity2mdthermalstability. 

INTRODUCTION 

In recent years many studies on remodel@ enzymes have been undertaken in order to improve enzyme 

features or to induce new or additional catal@ iknctions*. Two main types of approach can be recognized: 

one utilizes the recombiit DNA technique, and the second is based on the use of group-specific chemical 

reagentsa. The present paper describes the effect of the chemical modification with anhydrides on the lipase 

from Pset4aImtonas cepacia. 

Figure 1. Protein modification usii anhydrides. 

The microbial lipase Amano PS from P. cepocia has been selected as target enzyme because of its broad 

substrate speciticity and because of the high stereoselectivity oflen displayed on chiral CompoumW. Our aim 

was to understand whether a simple modification procedure wss suitable for a signitlcant improvement of the 

performances of such enzyme in the resolution of chiral molecules. 

Acetic and succinic anhydrides were choosen as acylating agents because the small size of the introduced 

tbnctions does not affect the solubiity of the protein in water. Using acetic anhydride, the positive charge of the 

primary gee amino groups of Lys was eliminated to give an uncharged a&amide (Pigore 1). Using succinic 

anhydride, the positive charge was replaced by a negatively charged carboxylate group (Figure 1). 
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Since the anhydrides display a low chemical selectivity, the acylation of other functions, such as hydroxylic 

groups of Tyr, thiol groups of Cys and ammo groups of His is also possible. However, the resulting esters and 

amides are highly unstable and rapidly hydro&ze even at nentrrd pI;I therefore this type of rno~~~on can be 

neglected4. Ser and Thr hydroxyl groups, on the other hand, are not easily acylated in aqueous solution because 

they are too weak nucleophiles. 

The effect of the m~cation on the catalytic properties of the enzymes was dam comparing the 

specific activity and the ~o&ctivity displayed by the native and the acylated lipases in the hydrolysis of 

the chiral esters la-c (Figure 2). 

Figure 2. tipase PS iM&rates 

OAc 

la lb lC 

RESULTS AND DISCUSSION 

The modification witlj acetic anhydride was carried out at 20°C in saturated sodium acetate solution (pH 

8.8) acting both as buffer/and as catalyst for the acetylation reactions. The modiication with succinic anhydride 

was carried out in phosphate bu%br solution maintaining the pX-I at 8 by addition of sodium hydroxide. The 

mo~~cation was carried! out on commercial enzyme pr~~~o~ and not on highly purified enzymes. The 

water-insoluble materials present in the raw lipase preparations were removed by centfigation, before 

submitting the enzymes to the modification procedure. 

The extent of mcditioation was ~~ophotom~~y deternnned by titration of the residual fret amino 

groups of the pro&i&. The nmbcr of f&e amino groups measured for the native enzyme was 8, close to the 

literature data7. An average of 30 % and 52 % of acylated groups were observed for the acetylation and the 

succinylation respectively. Electrophoresis analysis of the modified lipases in non-denaturating conditions 

showed the presence of various protein forms cointaining difibrent numbers of modified groups. Neve~el~s, 

in spite of their heterogeneous composition, the catalytic properties of diirent enzymatic samples were tblly 

reproducible. 

The hydrolytic mact4ons on the oily esters la-c were carried out in phosphate butPx solution at 30* C, 

keeping the pH at 7 by ur/ing a pH-stat. 

As shown in Table 1, 

P 

native enzyme displayed a very poor stereoselectivity on the primary ester 14 on 

the contrary the hydrol s of the secondary esters lb,c proceeded with an almest complete enantioselectivity. 

The specific activity, expressed as initial rate, was ~mp~~le for la and lb and was 5 times lower for the 

sterically hindered le. 

The succinylation of the lipase did not induce any significant change in both specific activity and 

stereosebxtivity with respect to the native form. 
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A dramatically diGrent behavior was instead observed with the acetylated lipase. In this csse the low 

selectivity displayed by the native enzyme on la was completely lost. The loss of stereoselectivity was 

conflrmed by the decrease from more than 1000,to 64 of the ensntiomeric ratio, (Ii)*, ln the hydrolysis of lb. 

Surprisingly the stereapecificity was fully redained with the naphtylic ester lc without any decrease in the 

specific activity, in spite of the larger size of this substrate. It is noteworthy that the specific activity of the 

acetylated lipase was bigber than that of the native enzyme also in the hydrolysis of la,b. 

Table 1. Effect of chemical modification on the Enantioselectivity (Enantiomeric Ratio, E) and hydrolysis 

rate of Lipase Amano PS: 

(a)Evalueswerecalarlatedfromthedegrad~~~andthee.e. oftheproductaccordiqtoChenetal.*.Eachvaluewas 

theaverageof3Evalaescalculatedfordi&nat cmwemions. (h) specl8c Initial Rate: umol/min x lipase pmtein wntellt 

(de&mined hy the Brad&d method)q 

A possible explanation of these etTects may be the increased flexibiity of the protein molecule due to the 

introduction of non polar residues on its surke. The replacement of charged amino groups with uncharged 

hydrophobic residues may alter the protein-solvent and intramolecular elettrostatic interactions, with the 

concurrent lowering of the whole molecule rigidity. The change of the protein molecule mobility may influence 

the conformation of the active site allowing an easier access for all the substrates, and determining at the same 

time a relaxation of the enantiodis crimination for the small-size substrates. 

An indirect index of the enzyme rigidity is its thermostabiity. In order to support the above hypothesis the 

apparent inactivation constants of the native and mod&xl lipases were calculated. The denaturation 

experiments were carried out in phosphate buffer (0.1 M, pH 7) at 60°C. 

Since our samples were mixtures of enzymes forms with different degrees of modification, the inactivation 

constants calculated fl-om the curves in Figure 3 can be considered only as average apparent constants . The 

curves were fitted with a single exponential tknction, and the calculated constants are 36*10%r1, 0.18*10- 

%rland S7*10%rl for the native, succinylated and acetylated lipases respectively. 

The expected lower stability of the acetylated enzyme experimentally conflnned the thesis of the increased 

flexibility of the enzyme structure. 
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Figure S. Stability of native and mod&d lipase PS. 

l - native lipaae; A - acetylti lipase; Cl - 

succinylated lipase. The residual aotivity was 

measnred on triityrrin, atter incubation of the 

lipasw in phosphate but&r 0.1 M, pH 7 at 60° C. 

The enhand thermostabiity showed by the sucomylated lipase was in good agreement with the literature 

data, reporting that the hydrophilic substitution of the protein surkce groups causes a reduction of the surface 

area responsible for the unfbvourable hydrophobic con&t with water and consequently determines anincresse 

of stabiity.*e 

CONCLUSIONS 

In conclusion the simple and cheap modification procedum described in this paper provided a versatile tool 

to manipulate the enzyme ktures in terms of stereoseleodvity, substrate speciticity and thermal stabiity. 

The acylation technique appears to be a promis@ way to improve the catslytical properties of lipases in 

terms of stereoselectkity and protein thermostabii. In fact, although an improvement of the lipase 

stereoselectivity is always desiderable, it is important to controll whether it ia accompanied by an untbvourable 

change in some of the importsnt enzyme properti~ such 8s specitic activity or tbermostsbiity. Acylation of 

eazymecnrrfircemayalsohaveaneffedon~epropertiesin~~uso~cmedia,where,inabsenceof 

water, the ennyme conformation may be even more &kc&d by changes in the protein-solvent imemctlons. The 

behavior of mod&d lipasa PS in difkent organic solvearts is cmrently under investigation. 

EXPFWlKENTALSECTION 

General: ~H-N’MR wepe recorded in CDC13 solution (SW as internal star&xl) on a Brulcer C 200 

instrument. All the hydrolm were performed with a Met&m pH-stat. Lipase Amano PS from Psardolnonar 

cepuckz (30 units mgl) was pumhased Tom Amano Chemicsl Co. Optical rotations were measured with a 

Perkin Elmer 241 polsrim&er using a 1 dm polarimeter cell. All the oiygnic chemicals were of analytical grade. 

Optical purities of the slcohols were dekrmined by HPLC anslysis, performed on a &ii-al cohimn Cbkalcel 

OB (Daicel Chemical Industries, Ltd). The ehrant was hexanelpropan-2-0198:2 (V/V), while the flow rate wss 

0.8 ml/mm and readings vvere made at 220 nm. 
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SuccinyMion of lipase PS 

5 g of crude hpase PS (150000 units) were dissolved in 100 ml of 0.1 M phosphate buffer, pH 8. The 

solution was stirred at 4 Y! for 1 hour, then the insoluble msterial was separated by spinning down the 

suspension (15 minutes, 5000 rpm). 0.25 g (2.5 nunol) of solid succinic anhydride were added to the surnatant 

in smsll portions, under rapid stirdng at 20 “C. The pH was kept at 8 in a pH-stat by adding 1 M sodium 

hydroxide solution. When the addition of suc&ic snhydride was complete, the mixture was allowed to react 

overnight. The enaymatic solution was then desalting by a dialysis against phosphate buffer (0.01 M, pH 7). 

Finally the resulting clear solution was lyopbilized. 

The extent of acylation was monitored by electrophoresis. Polyacrylammide discontinues gel electrophoresis 

in non denaturating conditions wss performed accorded to the method developed by Ornsteinlo and Davis”. 

The concentrations of acrylamide were 8 % in the resolving gel and 4 % in the stacking gel. The electrophoretic 

separations were run under constant torrent output (25 mA). The gel wss stained with Coomsssie Blue G-250. 

The electrophoresis showed a complete modification and no native lipase was found in the lyophilixd final 

powder. 

Acetylation of lipase PS 

Crude lipase PS (10 g, 300000 units) was dissob~ed in 200 ml of saturated sodium acetate solution &rring 

for 1 hour at 4 “C. The suspension was spun down (15 minutes, 5000 rpm) and the surnatsnt was stirred at 20 

“C, slowly adding acetic anhydride (8 g, 7.8 mmol). 

At the end of the addition, the pH of the solution wss adjusted to 7.0 with sodium hydroxide. After dialysis 

against phosphate buffer (0.01 M, pH 7) the solution was lyophihzed. The chemical modification of the enzyme 

preparation was con6rme.d by electrophoresis as described above. 

Determination of degree of modification of lipase PS 

The degree of chemical modification of the enzyme was determined by titration of the residual free amino 

groups of the protein with trinitrobenzene sulfonic acid 6 . The number of amino groups present in the native 

lipase was 9, while the NH2 residues found for the succinylated and acetylated were 4.0 and 6.0 respectively. 

Enzymatic hydrolysis of racemic la-c 

The following procedure is representative. 

To a magnetically stirred suspension of (R,S)-I-phenylethanol acetate lb (0.2 g, 1.22 nunol) in 20 ml of 

phosphate buffer, 0.01 M, pH 7, at 30 “C was added the crude lipase PS (0.01 g, 300 units). The pH was kept 

constant at 7 by addition of aqueous sodium hydroxide by means of a pH-stat. Periodically aliquots (1 pl) of 

the liquid phase were withdrawn and analysed by HPLC. The hydrolysis wss stopped at a conversion of 50 %, 

and the reaction mixture was extracted with ethyl acetate. The organic layer wss washed with 5 % aqueous 

sodium hydroxide, dried with sodium sulphate and then evaporated to dryness. Chromatography on silica gel, 

with hexane-ethyl acetate (80:20 V/V) ss eluant, afforded (R)-phenylethanol(O.07 g, 47 %); [a]D25 = + 41.0 

(neat) ; ee =99 “%, 8~~1.31-1.48 (3H, d), 2.38 (D-I, s), 4.61-4.95 (lH, q), 7.30 (5H, s); and (S)-lb (0.092 g, 46 

%); [a]D25= -106.0 (c=l, ether); ee= 99%; SH : 1.45-1.60 (3H, d), 2.06 (3H, s), 5.71-6.08 (lH, q), 7.32 (5H, 

s). The optical purity of lb was determined a& its chemical hydrolysis into the corresponding alcohol, whose 

e.e. was determined by HPLC. 
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