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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfillment of 
the requirement for the degree of Master of Science 

CRYSTALLIZATION AND STRUCTURE ELUCIDATION OF 
RECOMBINANT Pseudomonas aeruginosa STRAIN K SOLVENT TOLERANT 

ELASTASE. 

By

ZATTY SYAMIMI @ ADURA BT MAT SAID 

December 2014 

Chairman : Mohd Shukuri Mohamad Ali, PhD  
Faculty  : Biotechnology and Biomolecular Sciences. 

The discoveries of elastase that actively catalyse a variety of reaction in both aqueous 
and non-aqeous/ organic solvent are among the most important biocatalysts that 
constantly being sought by enzymologies. Elastase represents a class of enzyme which 
occupies a pivotal position with respect to their physiological role as well as 
commercial applications. The degradation and synthetic reaction are being more 
efficient with intervention of elastase. The unique properties owned by elastase become 
an interest to understand the three-dimensional structure of the enzyme. However, little 
is known on the elastase structure and function particulary tolerant in organic solvent 
due limited structure based information. The purpose of this study is to elucidate the 
three-dimensional structure of an organic solvent tolerant elastase. By investigating the 
structural-functions relationship of this organic solvent-tolerant enzyme using X-ray 
crystallography it will improve the understanding on elastase functionalities and its 
catalytic reactions.  

This recombinant elastase strain K was successfully purified to homogeneity by 
combination of hydrophobic interaction chromatography and ion exchange 
chromatography methods. Natively folded elastase of crystallisation-scale purity, 
quality and quantity was demonstrated and verified by SDS-PAGE, Native PAGE and 
Bradford assay analysis, respectively. Elastase strain K was also confirmed to be 
natively homogenous in size and uniformly-charge protein by observation of a single 
band in native-PAGE. The final protein content obtained after final purification step 
was 3 mg/mL 

Random crystal screening was performed using vapour diffusion methods and applied 
into various crystallisation formulation kits. The crystal formulation containing 1 M
ammonium phosphate monobasic and 0.1 M sodium citrate tribasic dehydrate pH 5.6 
shows a promising formulation producing elastase crystal. Microseeding technique has 
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been chosen to improve the crystal hits. The highly purified elastase strain K with 
protein concentration around 3.00 mg/mL and pH 5.5 is the optimal condition for 
crystal growth. Besides, coupling seeding technique with capillary counter diffusion 
crystallization shows the improvement in size and diffraction quality of the crystals. 
The measurement of crystal size was 1 mm  0.1 mm  0.05 mm. Elastase strain K 
was successfully diffracted up to 1.39Å at SPring-8, Japan using synchrotron radiation. 
The space group has been determined to be P1211 belonged to the monoclinic space 
point with unit cell parameter was a = 38.99 Å, b = 90.173 Å, c = 40.60Ǻ.

The structure of elastase strain K was refined and validated subsequently using 
PROCHECK and ERRAT. Crystal structure of elastase strain K showed the typical, 
canonical alpha-beta hydrolase fold consisting of 10-helices, 10- β-strands  and other 
secondary structure of such as loop and coil. The elastase strain K is a zinc 
metalloproteinase possess His-140, His-144 and Glu-164 served as a ligand for zinc 
ion. The conserved catalytic triad was composed of Glu-141, Tyr-155 and His-223. 
Three-dimensional structure features such as calcium-binding and presence of 
disulphide-bridge contribute to the stabilizing the elastase strain K structure.  

In conclusion, the solvent-tolerant elastase strain K has been crystallised and the three-
dimensional structure of elastase strain K was successfully elucidated. Information 
regarding unique properties followed by the structural features of this enzyme provides 
a useful insight towards rational design of enzymes stable in solvents 
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 
memenuhi keperluan untuk ijazah Sarjana Sains 

PENGHABLURAN DAN ELUSIDASI STRUKTUR ELASTASE REKOMBINAN 
STRAIN K RINTANG PELARUT DARI Pseudomonas aeruginosa  

By

ZATTY SYAMIMI @ ADURA BT MAT SAID 

Disember 2014

Pengerusi : Mohd Shukuri Mohamad Ali, PhD. 
Fakulti  : Bioteknologi dan Sains Biomolekul 

Penemuan enzim elastase yang aktif memangkin pelbagai tindakbalas dalam akueus 
dan bukan akueus/ pelarut organik adalah antara pemangkin yang penting yang sentiasa 
dicari oleh pakar enzimologi. Elastase merupakan salah satu kumpulan enzim yang 
memainkan peranan yang penting berdasarkan peranan fisiologi dan juga kegunaannya 
dalam bidang komersial.  Tindakbalas penguraian dan sintesis akan menjadi lebih 
efisen dengan menggunakan elastase. Ciri-ciri unik yang dipunyai oleh enzim elastase 
ini menjadi tarikan utama untuk memahami struktur tiga-dimensi enzim ini.
Walaubagaimanapun, tidak banyak yang dapat diketahui mengenai struktur elastase 
terutamanya struktur elastase yang rintang dalam pelarut organik kerana maklumat 
strukturnya yang terhad. Tujuan kajian ini adalah untuk menentukn keadaan struktur
tiga-dimensi elastase yang rintang terhadap pelarut organik. Dengan mengkaji 
hubungan di antara struktur dan fungsi enzim yang rintang pelarut organik dengan 
menggunakan teknik kristalografi sinar-X dapat memberi pemahaman yang jelas pada 
fungsi elastase dan juga tindakbalasnya.

Elastase rekombinan strain K ini telah berjaya ditulenkan menjadi homogen dengan 
menggabungkan kaedah kromatografi interaksi hidrofobik dan kromatografi pertukaran 
ion. Kadar ketulenan elastase secara kualiti dan kuantiti telah dibuktikan dan disahkan 
oleh SDS-PAGE, natif-PAGE dan analisis assai Bradford. Elastase strain K juga telah 
dibuktikan homogen dari segi saiz dan cas protein dengan memperlihatan satu jalur di 
natif-PAGE. Kandungan protein terakhir yang diperolehi selepas proses penulenan dan 
pemekatan protein adalah sebanyak 3 mg/mL. 

Saringan penghabluran telah dilakukan menggunakan kaedah penyebaran wap dan 
diaplikasikan ke atas kit formula penghabluran. Formula penghabluran yang 
mengandungi 1 M ammonia fosfat monobasik dan 0.1 M natrium sitrat tribasik dihidrat  
pH 5.6 menunjukkan formulasi penghabluran yang berpotensi bagi penghasilan-semula  
penghabluran elastase. Kaedah pembenihan mikro telah dipilih untuk meningkatan 
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pencapaian penghabluran elastase. Penulenan elastase strain K dengan kepekatan 
sekitar 3.00 mg/mL dan pelarasan pH ke pH 5.5 adalah keadaan yang optimum untuk 
pembentukan penghabluran elastase. Selain itu, pembentukan penghabluran elastase di 
dalam gel kapilari dengan mengandingkan teknik pembenihan dengan kapilari resapan 
berbalik menunjukkan peningkatan saiz dan kualiti pembelauan kristal. Saiz ukuran 
kristal elastase adalah 1 mm x 0.1 mm x 0.05mm. Elastase strain K berjaya dibelaukan 
sehingga 1.39 Å di SPring-8, Jepun menggunakan radiasi sinkrotron. Kumpulan ruang 
telah ditentukan sebagai P1211 dan kristal ini mempunyai kumpulan ruang monoklinik 
dengan parameter a = 38.99 Å, b = 90.173 Å, c = 40.60 Ǻ. 

Struktur penghabluran elastase strain K telah diperbaiki dan seterusnya disahkan 
menggunakan PROCHECK dan ERRAT. Struktur penghabluran elastase strain K 
menunjukkan pembentukan tipikal, konikal alfa-beta hydrolase yang terdiri daripada 10 
helix, 10 - β-pleated dan struktur sekunder lain seperti lengkungan dan gegelung.  
Elastase strain K adalah metalloproteinase zink yang memiliki His-140, His-144 dan 
Glu-164 yang berfungsi sebagai ligand bagi ion zink. Tapak pengaktifan terdiri 
daripada Glu-141, Tyr-155 dan His-223. Ciri-ciri struktur tiga dimensi seperti ion 
kalsium dan kehadiran jambatan disulfida menyumbang kepada kestabilan struktur 
elastase strain K.

Kesimpulannya, elastase strain K yang rintang pelarut organik telah berjaya 
dihablurkan dan struktur tiga-dimensi elastase K telah berjaya ditentukan. Maklumat 
mengenai ciri-ciri unik diikuti oleh ciri-ciri struktur enzim ini memberikan gambaran 
yang berguna untuk mereka bentuk secara rasional enzim yang rintang pelarut organik 
yang lebih baik . 
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CHAPTER 1 

INTRODUCTION 

Most of the chemical reactions in living organisms are catalysed by enzymes. Without 
enzymes, all of the chemical reactions take place in a slow rate or there will be no 
reactions occur at all. The presence of enzymes can speed up the biochemical reactions 
in living organism. This biological catalyst often increases the rate of a chemical 
reaction millions of time compared to reaction uncatalysed. Enzymes are very specific 
as they are able to promote only one type of chemical reaction for each of the enzymes. 
Nowadays, enzymes have been studied extensively due to its commercial ability and 
abundant sources available. 

Proteases are one of the groups of enzyme that has been widely studied. Since they are 
physiologically necessary for living organism, proteases can be found in diverse 
sources such as plants, animals and microorganisms. However, proteases from 
microbes are an attractive source due to the limited space used for their cultivation and 
their ready susceptibility to genetic manipulation. Pseudomonas aeruginosa is the most 
widely studied group of protease-producing microorganism (Engel et al., 1998). 
Pseudomonas sp. have their ability to produce proteolytic enzyme: elastase and alkaline 
protease (Ryan, 1984; Iglewski, 1988). Alkaline protease has broad cleavage specificity 
but it is not as potent as elastase and not hydrolyse elastin. Elastase, on the other hand,
able to degrade proteins at multiple site and host protein in addition to elastin. Since, it 
is active on elastin, this type of protease is called ‘elastase’. The elastase is belongs to 
the natural metalloprotease (Morihara et.al, 1965) which require Zn2+ for its activity. 
Elastase was said behave in a same manner as thermolysin and Bacillus subtilis neutral 
proteinase due to the high degree of sequence similarity and functional homology 
(Morihara et.al. 1965). 

Elastase is another important member of protease family as it contributed equally 
impressive in industries. As elastase can degrade elastin (Morihara, 1967) which other 
protease cannot, it has broad applications in medical therapy and food processing as 
well as daily use chemical industries. This enzyme also was adapted for proteomic 
applications for digestion of proteolytically resistant and inaccessible site (Saveliev et
al., 2012). Besides, elastase also executes a variety of functions, extending from the 
cellular level to the organ and organism level, to produce cascade systems such as 
homeostasizs and inflammation. 

The discovery of elastase that is active in organic solvent media has great potential in 
the synthesis of useful products. As elastase is a nonspecific protease with a preference 
for digestion hydrophobic residue, its can perform digestion of hydrophobic substrate. 
This kind of enzymes gives a major contribution in bioremediation industries because 
most of the environment pollutants can be classified as hydrophobic solvents and 
degradation of these solvents can be done by this microbial enzyme (Cruden et al., 
1992). Apart from that, the capability to catalyze a variety of reactions in organic 
solvent media expended a great potential used in solvent-used industrial processes as 
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well as able to shift the reaction equilibrium toward protein synthetic directions. 
Elastases are alternatively used in molecular biology aspect whenever other proteases 
applied are not informative in the process of protein synthesis. Elastase was chosen as it 
capable to catalyse multiple sites of protein rather than other proteases. Thus, studies 
details on elastase that stable in the presence of organic solvents become a 
commercially important for industrial and biotechnological applications. 

Since elastases are potential enzyme in biochemical and biotechnological aspects, there 
are a number of elastase from animal (porcine and pancerase) and microbial 
(Pseudomonas sp.) have been identified, purified and characterized. The interest of 
reserachers develops from discovering the characterstics of elastase to understand these 
diverse characteristics by investigating the structure of elastase up to atomic level. 
Thus, the employment of X-ray crystallography is definitely the perfect method to 
describe the behaviour of the enzyme. Having a three-dimensional structure of a protein 
at atomic level is important for several reasons such as enable to gather information 
about how protein works in biology; the function and the structure of a protein dictate 
what that protein is capable of doing.

The recombinant elastase strain K has demonstrated a stability and enhancement of the 
activity in hydrophilic organics solvents such as DMSO, methanol, ethanol and 1-
propanol (Wong et al., 2010). In this study, elastase strain K was subjected to elucidate 
its native three dimensional structures. Analysis of the three-dimensional structure of 
elastase strain K was performed in order to understand the properties of elastase strain 
K as one of the organic solvent tolerant elastase. Hence, this research was undertaken 
with the following sub-objectives: 

� To purify the organic solvent tolerant elastase strain K 
� To optimise the crystallisation conditions of the purified elastase strain K 
� To elucidate the three-dimensional structure of the crystallised protein. 
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