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ABSTRACT 

ABSTRACT 

Tributyrin esterase is an enzyme that has been isolated and purified from lactococcal 

starter strain by research staff at the New Zealand Dairy Research Institute. It has been 

shown to play an important role in production and control of flavour development during 

cheese ripening, but little is known about its biochemical characteristics. 

New studies on tributyrin esterase have been initiated, with the aim of carrying out a three 

dimensional structure determination to completely understand the molecular basis and the 

nature of its in vivo activity. 

This thesis is divided into three main parts. In the first part, the purification of tributyrin 

esterase from a genetically modified strain Le. lactis subsp. cremoris B 1079 is described. 

The procedure investigated for optimization of the protocol and a partial study of factors 

affecting tributyrin esterase activity are described. In the second part, crystallization trials 

for tributyrin esterase are described. Several crystals were obtained, with the best ordered 

crystals being grown from 2.6M ammonium sulfate, these have been shown to diffract to 

3.0 A, and belong to the space group C222 with cell dimensions a=76A, b= 178A c= 179A. 

In the third part, the lipase gene was ligated into 4.75kbp expression vector proEX, which 

contains a his-tag sequence upstream of the multiple cloning site. The ligation reaction 

mixture was transformed into competent E.coli DHSa cells. This should allow the 

expression of tributyrin esterase in E.coli and eventually provide a great yield of protein 

and make purification easier. 
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Chapter 1 INTRODUCTION 

Chapter 1 INTRODUCTION AND LITERATURE REVIEW 

1.1 Esterases and Lipases 

Lipases and esterases constitute an important group of enzymes, which are associated 

with fat metabolism as well as with fat degration. They are widely distributed in nature, 

being present in numerous tissues and fluids of animals, plants and microbes. They are 

physiologically important since they hydrolyze fats and oils giving rise to free fatty acids 

and partial glycerides. These are essential for metabolic processes, such as fatty acid 

transport, oxidation, and the resynthesis of glycerides and phospholipids. 

There is still much confusion concerning the exact meaning of the terms lipase and 

esterase, with these terms often being used interchangeably. According to the 

International Union of Biochemistry nomenclature (Florkin and Stotz, 1965), the term 

esterase is assigned to enzymes that catalyze the hydrolysis of carboxylic acid ester 

bonds. Esterases are therefore classified as hydrolyases and belong to the class 3. 1. 1. A 

lipase on the other hand is defined as an enzyme that hydrolyzes carboxylic esters of 

glycerol and belongs to class 3. l.1.3 hydrolyases. This means that the term esterase is 

more nonspecific and includes lipases. However, it should be noted that a typical lipase 

may also catalyze the hydrolysis of esters other than glycerides (Brocherhoff et a/.1974). 

Since Sarda and Desnuelle (1958) found that the lipolytic activity was significantly 

enhanced by the presence of micelles, this so called " interfacial activation" phenomenon 

has been regarded as the major distinction between lipases and esterases (Borgstrom, et 

al, 1984 and Tsujita et al., 1990). More recently, however, Martinez, et al. (1992) and 

Lesuiss, (1993) discovered some lipolytic enzymes with clear sequence homology to 

lipases that are not activated by interfacial interaction. They therefore suggested that the 

classification based solely on the interfacial activatability is too simplistic. This idea was 

supported by Ransac et al., (1996) and Brocherhoff et al., (1974) who proposed to define 

lipases as carboxylesterases that are able to hydrolyze long chain acylglycerols (10 or 

more carbons). Nevertheless, the activity of the majority of the known lipases increases in 

the presence ot a water-lipid interface. Thus, the molecular nature of this activation has 

become an important aspect of lipase research. 
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Apart from the obvious biological importance, there are other, more specific, reasons that 

make the study of lipolytic enzymes interesting and rewarding, such as medical and 

industrial applications. The manipulation of lipolytic activities will probably play a part 

in future methods for treating malfunctions of fat metabolism and thus control 

cardiovascular diseases. Of similar interest are the practical aspects of lipases in the food 

and other industries. In this current project, the lipase of interest was found to have the 

industrial importance in cheese making. The related background is thus reviewed 

extensively in following sections. 

1.2 Cheese Making and Esterase 

1.2.1 Cheese Making Technology 

The manufacture of cheese is one of the oldest examples of biotechnology known to 

human beings. This process has long been regarded as a means of preserving the 

nutritional value of milk in a safe, palatable form. Traditionally, therefore, the long 

maturation time of some varieties of cheese was seen as an advantage. Modern cheese 

making technology, (see figure 1. 1) which has evolved from these principles, can 

generally be regarded as a two stage process. In the first stage (manufacture stage), curds 

are made from milk, through a series of processes (standardization, pasteurization, 

curdling, cutting, cooking and draining) . In the second stage (ripening stage), mature 

cheese is developed from curds. The details of this stage are discussed in next section. 

1.2.2 Cheese Ripening 

The maturation process involves the slow, controlled decomposition of the fats, proteins 

and carbohydrates of bland lactic curds. It is mediated by both the starter bacteria, which 

the cheese maker adds deliberately, and the secondary flora whose composition varies 

widely between different cheese types. Overall, the major objectives of a ripening system 

are: 

1. To produce the typical flavour and texture of mature cheese; 

2. To improve the reliability of mature flavour development; 

3. To increase the range of products and flavours available to consumer; 

In order to achieve these aims, the ripening process can take up to three years, depending 

on the type of cheese. In the commercial world, this prolonged period between making 

cheese and realising its value may be a disadvantage to a factory scale cheese maker who 
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needs a rapid turnover to cover the high costs of capital equipment and labour. Therefore, 

it is commercially advantageous to accelerate the ripening. 

' 

Figure 1.1: Scheme of Cheese Making Technology 
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1.2.3 Esterase in Cheese Ripening 

Cheese ripening is essentially an enzymatic process involving curd breakdown by 

proteolysis, lipolysis and other enzyme-catalyzed reactions, resulting in cheese with 

typical flavours and texture. Some of these enzymes are present in milk whereas others 

are synthesised by starter lactic acid bacteria and liberated by the autolysis of these 

bacteria. While the role of proteinases in the cheese ripening process has been studied 

extensively (for reviews, see Fox, 1989; Olsen, 1990; Kok, 1993), the exact role of 

lipolytic enzymes is not yet completely understood. McNeil & Connolly (1989) suggested 

that after esterase was released from starter cells trapped in cheese curd, lipolysis 

occurred to release free fatty acids from triacylglycerols in milk fat. It has been known for 

some time that short-chain fatty acids such as n-butanoic and n-hexanoic acids are potent 

flavour compounds, at concentrations below 10 mg/kg (Brennand et al. 1989). Short 

chain fatty acids may also be esterified to compounds such as alcohols to give rise to a 

further range of potent flavour compounds (Bills et al. 1965). This evidence implies that 

the lipolytic activity in starter bacteria probably plays a significant role in flavor 

development (Crow et al ., 1994; Lawrence et al. 1976). 

1.3 Esterases from Lactococcus and other starter bacteria 

1.3.1 Lipolytic activity in starter bacteria 

Lactococcus (formerly Streptococcus) species (and sometimes Lactobacillus species) are 

widely used as bacterial starters in cheese manufacture. Lipolytic activity due to these 

strains has been reported by a number of groups (Lawrence et al. 1967; Umemoto & Sato, 

1975; Kamaly et al. 1989). The level of lipase activity in these strains is low however 

compared to lipolytic activity found in organisms such as Pseudomonas and other dairy 

spoilage microbes . While the lipases of different species of bacteria prefer to hydrolyze 

different substrates, most of the strains produce a lipase that is able to catalyze the 

hydrolysis of tributyrin. Umemoto et al. (1968) observed that when a tributyrin emulsion 

served as substrate, lipolysis in the presence of various dairy lactic acid bacteria was 

optimal between pH 6 and 8 and at 37°C. Oterholm et al. (1968) also tested a number of 

lactic acid bacteria, and found that all cell-free extracts possessed lipolytic activity 

against an emulsion of tributyrin, which suggested that the lipase associated with lactic 

acid bacteria is intracellular. In addition to lipolytic activity, extracellular esterase activity 

was also observed when cell free extracts of the various lactic acid bacteria were 
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incubated with an aqueous solution of triacetin (Lawrence, 1967a; Brockerhoff & Jensen 

1974). Several esterases have been purified and partially characterised from several 

starter strains, and some of their features are summarised in Table 1.1. 

1.3.2 Esterase from Lactococcus 

1.3.2.1 Tributyrin Esterase from _Lactococcus lactis subsp cremoris E8 

A tributyrin esterase from Lactococcus lactis subsp cremoris E8 (Holland & Coolbear, 

1995) has been identified at the New Zealand Dairy Research Institute. The activity 

appeared to be located in the cytoplasm of the organism, although there was a limited 

degree of association with the cell membrane. The following purification protocol was 

used to isolate this enzyme from the bacteria. Salt fractionation (60% ammonium sulfate 

precipitation) was followed by hydrophobic interaction chromatography (HIC) on an 

alkyl Superose column. The active fractions from this step were subjected to gel filtration 

chromatography (SEC) using an Superose-6 column, and the final step involved ion 

exchange chromatography (IEX) on a Mono-Q anion exchange column. The enzyme was 

shown to have a monomeric molecular mass of 29 kDa by SDS-PAGE but to associate as 

a holoenzyme of molecular mass of approximately 109 kDa in solution, implying that it is 

a tetramer in its native configuration. It has optimum activity at neutral pH, on milk fat 

and liberates mainly C4, C 14, and C 16 fatty acids from milk fat. 

1.3.2.2 Esterase from Lactococcus /actis subsp. lactis NCDO 763 

Chich et al., ( 1997) purified an intracellular esterase from L. lactis subsp. lac tis NCDO 

763, using polyethylene glycol (PEG) fractionation, IEX (Mono Q at pH 8.0), HIC 

(phenyl Sepharose) and IEX (Mono-Q at pH 5.5). This enzyme was shown to be 

intracellular homotrimer with a monomeric molecular mass of 29 kDa, which is very 

similar to that of the tributyrin esterase (in 1.3.2.1). While the enzyme hydrolyses para­

nitrophenyl esters from C2 to C 12 and ortho-nitrophenyl butyrate, maximum activity is 

however, observed with p-nitrophenyl butyrate at pH 8.0 and 55°C. The enzyme was 

found to be strongly inhibited with pefabloc, diisopropyl fluoro-phosphate and 3,4-

dichloroisocoumarin, demonstrating that it belongs to the group of B-esterases that have 

serine at their active site (Aldridge, 1993). While this esterase preferentially hydrolyzes 

p-nitrophenyl (pNP) butyrate, it is also able to hydrolyse pNP esters longer than C8. As 

this enzyme does not strictly correspond to the criteria for esterase defined by Tsujita et 
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al. ( 1990), the author proposed that this esterase should be classified as belonging to a 

new esterase/lipase family. 

1.3.2.3 An Esterase from Lactococcus lactis subsp. /actis ACA-DC 127 

Tsakalidou et al. (1992) purified an esterase from Lactococcus Lactis subsp. lactis ACA­

DC 127 originating in Greek feta cheese. The purification steps involved were IEX 

(DEAE-cellulose) and SEC (Sephadex G 100). The esterase had a molecular weight of 

68,000 Da, optimum activity with 4-nitrophenyl butyrate at pH 8.0 and 45 °C and was 

strongly inactived by PMSF. Interestingly, 1,10-phenathroline and EDTA, which are 

metal chelators, had no effect on enzyme activity, showing that the enzyme is not 

dependent on the present of metal ions for activity. In fact the bivalent cations Hg2+ and 

Cu2+ were shown to inhibit the esterase activity. 

1.3.2.4 The Genetically Modified Lactococcal Strain used in this study 

The obvious benefits of controlling the production of desirable enzymes and proteins by 

lactic acid bacteria (LAB) used for fermented products (e.g. cheese) has led to the 

development of some genetic tools (for review, see Kleerebezen and Kupiers, 1997). De 

Ruyter ( 1996) developed some controllable expression systems based on the 

autoregulatory properties of nisin biosynthesis by Lactococcus lactis. Using the N­

terminal sequence of the esterase purified from Lactococcus lactis subsp cremoris E8 by 

Holland & Coolbear (1995) to design probes, the gene of this esterase was isolated, 

cloned and overexpressed in a lactococcal strain using a controlled nisin promoter system 

(Holland, 1997). The resultant strain, Lactococcus lactis subsp. cremoris B 1079 (esr+) has 

been utilised by the New Zealand Dairy Research Institute to overproduce tributyrin 

esterase in amounts 50-100 fold higher than in strain E8. The characteristics of the 

recombinant strain have been compared with that of original strain (Holland, 1997), and 

been show to have basically the same characteristics as those of the original esterase, 

except for one difference that shows up in the HIC purification step. 

1.3.3 Esterase from other starter bacteria 

Gobbetti, et al. ( 1997) purified an intracellular tributyrin esterase from Lactobacillus 

plantarum 2739, a strain isolated from good quality Cheddar cheese. This enzyme is a 

monomer with relative molecular mass of ca. 85 kDa that is able to hydrolyze ~-naphthyl 
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Table 1.1: Summary of Comparison of Different Microbial Esterases 

Microbial source Molecular mass pl Factors Affecting Substrate Purification steps 

(kDa) Activityc 

L. lactis ssp cremoris 109 with lributyrin, (NH4)iS04 frac1iona1ion, 

E8 monomer 29 5.49• Protease inhibitor p-nitrophenyl butyrate alkyl Superose, Superose 6, 

(25.5.) MonoQ 

L. lactis ssp. Lactis 91 with 4 .5 DFP +, pefabloc +, C4 > C6, C8>C2 PEG fractionation, Mono Q 

NCDO 763 monomer 29 3,4-DCI +, Hg2+ +, >C I0 >C l2 (pH 8.0), Phenyl Sepharose, 

Mono Q (pH 5.5), 

L. lactis ssp. Lactis 68 ND EDTA -, DFP -, <C8 DEAE-cellulose, Sephadex 

ACA-DC 127 monomer PMSF +, Cu2+ +, G- 100 

Hg2+ +, Ca 2+ -, 

L. plantarum 2739 85 monomer ND Hg-++, Ag++, C2-C I 0, prefer DEAE-cellulose , Sephacryl 

~-naphthyl 200, CM-Cellulose, Mono Q 

Lactobacillus 67 Hg-++, Ag++, C2-CI0 Q Sepharose, Sephacryl 200, 

fermentum DT41 monomer ND PMSF+, Limited in CI 2-C I 4 phenyl Superose, 

MonoQ 

(a) Predicticted from computer program 
(b) Complete Protease Inhibitor (from Boehringer Mannhem) 
(c) +: increase activity;-: decrease activity; 
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(~-NA) esters of fatty acids from C2 to C10, tributyrin, tricaprylin, and, to a lesser extent, 

milk fat. The same authors (Gobbetti et al.1997), recently purified a cell surface­

associated esterase from Lactobacillus fermentum DT41 , a starter used in the production 

of Parmesan cheese. This esterase was shown to be a monomer with a molecular mass of 

67 kDa and has optimum activity at pH 7.0 between 30-35 °C. 

1.4 Structure Studies on Lipase 

As mentioned in previous sections, lipases are widely used in a number of practical 

applications. Studies on the applied technology of these enzymes are hindered by the lack 

of detailed knowledge about the molecular basis for their activity. The ability to 

manipulate lipase activity and to construct designed enzymes is dependent on such 

knowledge, allowing rational site directed mutagenesis to be carried out in order to bring 

about changes in activity . Fundamental studies of lipolytic enzymes have been driven by 

these demands. In this section reported structural studies on esterases from starter bacteria 

and other lipases are discussed extensively. 

1.4.1 Primary Amino Acid Sequences of Lipases 

1.4.1.1 Consensus Sequence 

The first complete amino acid sequence of a lipase was reported by De Caro (1981 ), and 

a review by Antonian (1988) listed 13 sequences; today their number probably exceeds 

60. While there is little sequence similarity between the microbial lipases, they all contain 

the G-X-S-X-G motif, in which the Ser has been identified as being essential for 

catalysis. In many cases this has been confirmed either by chemical labelling with 

inhibitors or site-directed mutagenesis, or both (Cygler, et al.1997). Another common 

feature in the sequences of microbial lipases is a HG (His-Gly) dipeptide located about 70 

residues N-terminal to the catalytic serine at the margms of the lipid-binding pocket 

(Langin, et al., 1993). 

1.4.1.2 Primary Amino Acid Sequence of Tributyrin Esterase 

Comparison of all the known N-terminal sequences of esterases from starter bacteria 

(Table 1.2) reveals a striking similarity between the esterase from Lactococcus lactis sp. 

lactis NCDO 763 (see 1.3.2.2) and that from L. lactis sp. cremoris E8 (l.3 .2.1) . In 
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addition, they also have same monomeric molecular weight, suggesting these two lipases 

might be the same protein or very closely related in their structure and kinetics. 

Table 1.2: Comparison of N-Terminal sequences of Ii pases from Lactococcus species 

Microbial source N-terminal sequence Reference 

L. lactis ssp cremoris ES AVINIEYYSEVLGMNRKVNVIYPESSK 

L. lactis ssp. lactis NCDO 763 AVINIEYYSEVLGMNXKVNVIYPEXRFE 

L. plantarum 2739 SNEHTQEVLNQTVAD 

Holland, 1995 

Chich, 1997 

Gobbetti, 1995 

* X= unidentified residue 

A search of the GCG database revealed that there are some sequence similarities between 

tributyrin esterase (EC3 .1.-.-) from L. lactis ssp cremoris E8, and two xylanases, 

acetylxylan esterase (EC 3.1.-.-) from Caldocellum saccharolyticum ( coded by the Xyn C 

gene) ( ~45% overall similarity and ~34% identity) and xylanase Z (EC 3.2.1.8) from 

Clostridium thermocellum ( ~38% overall similarity and ~30% identity). The comparison 

is shown in Figure 1.2. 

TEL 1 B rfmEB Evmm,&1KVNli!Y . .. -liESSKVE!iFTQTDI P•N•·ift11:cejMsB 5 0 
XynC 1 [mIMQi!NFl?J~KJ1lTTILAi!EvDK!iDKKFQK!iVDSENLKTi4•fllll:ce!YA!]lY 54 
XynZ 51 ~vms ~ F~ TATNS~PARiY! . ... !iPGYSKD . .. . KKYS•'f§•ift11:cejrGijS!i 94 

TEL 51 i SiIIRSil!E@RHT!LI IVMfl'ITDLG!Evm. TY!MNm .~IA~LPKVI 1 01 
XynC 55 4LCGARj!vE[!SMR'fi+FL~GENS~LDD.EEKEEfDGEFVGN§IIEFT 106 
XynZ 95 B FEGGiRANVIJADNLIIEGKIKPLIIVTP!ijNAAiJPGIA .!iGYENFTKDLL 146 

TEL 102 iNF[iiNLSTKRE .. -~~ .. N. GT!i'ifisW sL§ 147 
XynC 107 ~ . .. . IPQ .. . !BTtiiG{efl#J§ffl•@.iLl51NG[!KY. NKNFVGI!DLSFEj 150 
XynZ 111 i§L I !iY IESNY SVYTrmHRAJf.ffll#J§c§ejGQ S FN .. IG[!TNL!i~G P IFEj 196 

TEL 143 GVL .. TFoiMEENFKENPI ... ttwGGI[DNwETFKi§!NEBLs[!ADRKQENCi 188 
XynC 147 ALIIHKIAiJIPKDYRNA~S~YRRv!DDLNSLiimJiKD£!NA[!vTKLKQE:i 

TEL 189 .. . (DL~w!ilKQliJi!lFPGiEYATAE(DKLi 222 
XynC 197 GSI(DI~Rr:&vQEjRDLFNFi!INEi 233 

Figure 1.2 Comparison of amino acid sequence 

TEL (tributyrin esterase from L. lactis ssp. cremoris £8), Xyn C (acetylxylan esterase from 
Caldocellum saccharolyticum coded by Xyn C gene) and Xyn Z (Xylanase Z from Clostridium 
thermocellum) 

In general, proteins with common functions sometimes have similar sequences limited to 

short stretches around essential catalytic residues (Drables, et al., 1997). From the 

comparison of the above proteins, it is clearly shown that the sequence similarity among 
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these proteins is around the LYLLHGXXG (40-50) and GLMSGG region (114-128). 

Hence, Ser (124) can be postulated as the catalytic centre. However, the three­

dimensional structure of acetylxylan esterase from Caldocellum saccharolyticum, which has 

similar molecular size, is still unknown. The three-dimensional structure of the catalytic 

domain of xylanase Z from Clostridium thermocellum has been determined at 2.6A 

(Dominguez, et al., 1995). The catalytic domain, residues 531 to 789 of Xyn Z is located 

in the C-terminal region of this enzyme (Souchon, et al. 1994 and Grepinet, et al. 1988), 

which does not contain the sequence similarity with tributyrin esterase. This comparison, 

however, indicates that these enzymes may have a common evolutionary origin. 

Furthermore, it has been shown that homologous proteins usually have the same main­

chain folding and possibly related functions (Topham, et al., 1990). Comparison and 

analysis of known three-dimensional protein structures has also clearly demonstrated that 

proteins with -30% sequence identity or more, are likely to adopt similar tertiary folds 

(Schrag, et al., 1997). It will not be unexpected therefor, if the tertiary structures of the 

tributyrin esterase and the non catalytic domain of xylanase Z, are shown to be similar. 

1.4.2 Three-Dimensional Structures of Li pases 

In 1990, the first crystal structures of two unrelated lipases were reported: one of an 

enzyme purified from a fungus Rhizomucor miehei (RmL) at 1.9 A resolution (Brady, et 

al., 1990) and the other of the human digestive enzyme, pancreatic lipase (hPL) at 2.3A 

resolution (Winkler, 1990). To date the 3-dimensional structures of more than 10 lipases 

from mammalian and bacterial sources have been determined by X-ray crystallography 

and work on more is near completion. Several common structural features have been 

identified in these proteins. 

1.4.2.1 Catalytic Triad in the Active Site 

In all the lipase structures solved to date, the serine in G-X-S-X-G consensus is located in 

a sharp turn between a ~-strand and a buried a-helix . The side chain of the catalytic 

serine is hydrogen bonded to the side chains of two other residues, usually His and Asp 

(or Glu), which serves to make the serine hydroxyl group strongly nucleophilic. 

(Derewenda, et al., 1991) 
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1.4.2.2 Lipase Fold 

Analysis of known protein structures has shown that similar folds are sometimes adopted 

by proteins with little sequence similarity (Bowie, et al., 1991 & Alon, 1995). The alp 
hydrolase fold is one example of a tertiary fold that is adopted by a number of proteins 

displaying no sequence similarity (Schrag, et al., 1997). Apart from the pancreatic 

lipases, all the lipases with known three-dimensional structures contain only one domain 

with an cx.,p doubly wound protein fold and are formed from a parallel P sheet and a 

number of helices that flank the sheet on both sides. The minimal fragment of this fold 

common to all lipases is a subset of the aJP-hydrolase fold as described by Ollis et al. 

( 1992) that contains a five-stranded P sheet and two ex. helices. 

1.4.2.3 Two Classes of Conformers: Closed and Open 

One of the important features of an enzyme is the shape of the substrate-binding site and 

its accessibility to the substrate. Structures of the majority of the enzymes show that their 

active sites are on the surface of the molecule that are accessible to solvent. This is not 

always the case for lipases. The various lipase structures determined to date can be 

divided into two categories: those with the active site accessible to the solvent (the open 

form) and those with an inaccessible active site, where a "lid" closes over the active site 

(the closed form). For some lipases both forms have been experimentally observed 

(Cygler, et al., 1997). 

1 .4.2.4 Oxyanion Hole 

Previous crystallographic and biochemical studies of lipases have also shown that the 

mechanism of hydrolysis by lipases is similar to that of the serine proteases. In both 

cases, an oxyanion created during hydrolysis, is located in the so-called "oxyanion hole" 

and is stabilised through non-covalent interaction with some electrophiles (Martinez, et 

al., 1992). 

1.5 Needs and aims of the current project 

As reviewed in above section, little is known about the molecular basis for trybutyrin 

esterase activity in starter culture bacteria. We know from studies undertaken by Holland 

(1995) that tributyrin esterase hydrolyses tributyrin. But we cannot be sure however, that 

tributyrin is the preferred substrate in vivo. The primary structural homology to the non 
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catalytic domain of xylanase Z from Clostridium thermocellum is intriguing, as it is not­

known whether this domain has any specific functions. However, the amino acid 

sequence homology has raised the possibility that the enzyme, which contains a 

postulated active site similar to many other hydrolases, may be able to hydrolyse other 

biomolecules. Many families of enzymes that are classified through function have been 

found to have similar or conserved structures or contain conserved structural motifs 

(Schrag, et al., 1997). Often the structural homology is more striking than sequence 

homology. Therefore the determination of the three dimensional structure of tributyrin 

esterase and the subsequent analyses and comparison with other three dimensional 

structures in the protein data base should unequivocally show whether or not the enzyme 

is a true esterase, or whether it belongs to another enzyme class. 

The three-dimensional structure determination of a protein by X-ray crystallographic 

techniques requires the production of large single crystals. As reviewed in the following 

section, the difficulties of screen searching for crystal growth conditions may require 

milligrams of protein for the initial crystallisation trials. Once crystals suitable for X-ray 

analysis can be reproducibly grown, additional protein will be needed to improve their 

quality and size and to prepare heavy-atom derivatives. For all these reasons it is essential 

to develop a suitable purification procedure in order to produce enough fresh protein of 

reproducible quality. 

The addition of poly-His terminal extensions on target proteins using genetic engineering 

has for a long time been regarded as a powerful tool for use in the isolation of target 

proteins due to the ease of the purification procedures which can be applies (see review in 

section 1.6). In this technique, the gene of a target protein is cloned into a vector that 

contains the codons for six histidine residues and a fusion protein is produced in a high 

expression system. A convenient and abundant source of pure protein can thus be 

relatively easily obtained. 

The aim of the current project 1s to provide a foundation for the subsequent three 

dimensional structural determination of tributyrin esterase. For all the reasons described 

above, the immediate goals addressed are first, to purify the tributyrin esterase from the 

genetically modified lactococcal strain (section 1.3.2.4), secondly, to crystallize this 

enzyme, and thirdly, to develop an expression system in E. coli suitable for over-
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expressing the tributyrin esterase. As a longer-term goal, the development of a tributyrin 

esterase overexpression system in E.coli would not only facilitate the preparation of the 

tributyrin esterase necessary for the structural determination, but would also provide a 

foundation for site directed mutagenesis studies of the enzyme. 

Having addressed the above goals of the current project, in the following sections, a brief 

overview of facilitating protein purification by histidine tagging will be given. The topic 

of protein crystallization will also be reviewed. 

1.6 Facilitating Protein Purification by Histidine Tagging 

In biochemistry and molecular biology, the expression of histidine-tagged fusion proteins 

is a well-established technique for the identification, and purification of gene products 

(Hochui et al., 1988; Porath et al., 1976). This technique is based on the affinity of five to 

six consecutive histidine residues for metal chelating lidands, such as N-nitrilotri-acetic 

acid (NT A) or imidodiacetic acid (IDA). Association and dissociation of the His-tagged 

protein can be triggered by competitors such as histidine and imidazole, or by changing 

the pH of the buffer solution. 

Recently, Ledent et al., ( 1997) reported that the addition of a His-tag to the C-terminal 

end of ~-lactamase had an unexpected influence on both the structure and the thermal 

unfolding of the protein. Lee et al., ( 1997) also proved that the direct addition of a His­

tag to both the C-terminal and the N-terminal end of an aryl-esterase resulted in a 

significant change in the enzyme activity. These results served as a warning that His-tag 

addition may not always be as 'neutral' as has been assumed. Therefore, careful 

comparison of wild-type and His-tagged proteins is necessary. 

1.7 Protein Crystallization 

1.7.1 Principles of Protein Crystallization 

While protein crystallization has been mainly a trial-and-error procedure in which the 

protein is slowly precipitated from solution, recent reports have identified the basic 

processes that occur when crystals form. (Ries-kautt, et al., 1990 and Drenth, 1994) The 

crystallization of a macromolecule is directly related to its solubility characteristics, 

which can be represented by a phase diagram (Fig.1.3). Of the many variables affecting 

- 13 -



Chapter 1 INTRODUCTION 

solubility, two of the most important are the concentration of the protein and the 

concentration and type of precipitant used. In the region under the solubility curve, both 

nucleation and crystal growth are impossible and any crystal formed previously will 

dissolve. Above the solubility curve, the concentration of protein is higher and the 

protein is supersaturated. This region may itself be subdivided into three zones: (i) The 

precipitate phase, where excess protein immediately separates from the solution in an 

amorphous state; (ii) The labile phase (nucleation zone), where excess protein separates 

from the solutions in a crystalline form. Crystallization may occur both as a shower of 

microcrystals and an amorphous precipitate. (iii) The metastable zone , in which the 

supersaturated solution may not be nucleated for a long period of time, unless the solution 

is mechanically shocked or a seed crystal introduced. In this zone, crystals are able to 

grow and the nucleation of new crystals is minimal . 
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Figure 1.3 Phase diagram. 

Overall, there are three major steps in crystallizing a protein: 
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1. The protein is dissolved in a suitable solvent from which it must be separated in 

crystalline form. It is important that there should be no aggregation of protein 

molecules in this solvent. 

2. The solution is slowly brought to supersaturation, as spontaneous formation of nuclei 

is best achieved at a high supersatuation. 

3. Once nuclei have formed, actual crystal growth can begin. 

1.7.2 Screening for Crystallization Conditions 

A large number of parameters influence the crystallization process: protein purity and 

concentration, buffer type, pH, temperature, ionic strength, and the presence of minute 

amounts of detergent or organic or inorganic molecules. As a general rule, the more pure 

the protein, the better the chances of growing crystals. In order to successfully grow 

crystals suitable for X-ray diffraction, proteins not only have to be pure in terms of lack 

of other compounds, they have also to have the same surface properties, especially the 

same charge distribution on their surface (Drenth, 1994 ). 

Finding the best combination among many crystallization parameters is a multivariable 

optimisation problem. During the past decade, the development of incomplete factorial 

screening protocols and optimisation strategies have provided investigators with an 

extended portfolio of effective crystallization tools (Carter, 1990; Jancarik & Kim, 1991; 

Kingston, 1996). 

The process of crystallizing a protein can be divided into three discreet stages. These are 

(1) screening for useful crystallization conditions or leads; (2) optimisation of one or 

more initial conditions to produce single crystals suitable for X-ray diffraction analysis; 

and (3) reproducible production of single crystals for X-ray data collection. 

1. 7 .3 Methods of Crystallization 

1.7.3.1 Vapor Diffusion Methods 

One of the most commonly employed techniques for growing protein crystals is the 

hanging drop method. A droplet containing the protein, with buffer, crystallization agent, 

and additives, is equilibrated against a reservoir containing a solution of crystallizing 

agent at a higher concentration than in the droplet. Thus, concentrations within the 
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protein-containing droplet are manipulated remotely by diffusion through air. 

Equilibration proceeds by diffusion of the volatile species (usually H20) until the vapour 

pressure of the components in the droplet equals those of the reservoir. 

1.7.3.2 Dialysis methods 

The protein is separated from a large volume of solvent by a semi-permeable membrane 

which gives small molecules (ions, additives, buffer, and so on) free passage through the 

membrane, but prevents free passage of the protein. Thus, the dialysis method is uniquely 

suited to crystallization at low ionic strength and in the presence of volatile reagents such 

as alcohols. The kinetics of equilibrium depend on the ratio of the concentration of 

precipitant inside and outside the membrane, the temperature, and the geometry of the 

cell. 
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