
 
 
 

 
 
 

UNIVERSITI PUTRA MALAYSIA 
 
 
 
 
 

PRODUCTION AND CHARACTERlSATI0N 
OF CELL·BOUND LIPASES SECRETED BY A 

NEWLY ISOLATED STRAIN OF Geotrichum candidum 
 
 
 
 
 
 

HASANAH MOHD GHAZALI 
 
 
 
 
 
 

FSMB 1990 5 
 
 



PRODUCTION AND CilARACTERlSAT10N 
OF CELL·BOUND 1..IPASES SECRETED BY A 

NEWLY ISOLATED STRAIN OF Geolrichum candidum 

UASANAII MOIID GIIAZALI 

DOt-jOR OF PHILOSOPHY 

UNIVERSITl PERTANIAN MALAYSIA 

1990 



PRODUCTION AND CHARACTERISATION OF CELL-BOUND 
LIPASES SECRETED BY A NEWLY ISOLATED STRAIN 

OF Geotrichum candidum 

by 

HASANAH MOHD GHAZALI 

Thesis Submitted in Fulfilment of the 
Requirements for the Degree of Doctor of Philosophy 

in the Faculty of Food Science and Biotechnology 
Universiti Pertanian Malaysia 

October 1990 



Specially ror Banadek, Aie, Kamal and Farah 

They matter more above all else. ....... 



ACKNOWLEDGEMt:NTS 

I wish to express my sincere gratitude and thanks to my supervisor, Dr.Lee Kong 

Hung, of the Department of Biotechnology, Faculty of Food Science and Biotechnology, 

for his guidance and encouragement during the course of this study and the preparation 

of this thesis. 

I wish to thank also my ex-supervisor, Dr. Mary Ann Augustin, now of CSIRO, 

Melbourne, Australia, for her guidance and for giving me the encouragement I needed 

during the flrst part of my study. 

My thanks and appreciation are also due to Professor (Dr.) Mohd Mahyuddin 

Dahan, Dean, Faculty of Food Science and Biotechnology for his support and advice and 

his confidence that I can see this through in three years. 

Moral support and corporation extended by the Heads of the Department of 

Biotechnology, Food Science and Food Technology, my colleagues both within the 

Faculty of Food Science and Biotechnology and without and the starr of Faculty of Food 

Science and Technology, are deeply appreciated. I would specially like to mention the 

following: Or. Mobd. Nasir b. Azuddin, Department of Food Science for making available 

his computer-printer system that enable me to print this thesis, Encik Azman b. 

Mohamad, Department of Development Communication, Centre for Extention and 

Contjnuing Education for processing my slides into prints and Puan Siti Junaidah bt. 

Jemain, of the Department of Biotechnology for helping me with the purchasing of 

chemicals and solvents. 

iii 



I also wish to thank Professor (Dr.) Syed Jalaludin Syed Salim and co-workers at 

the Rumen Microbiology Laboratory, Faculty of Veterinary Medicine, Universiti 

Pertanian Malaysia. {or allowing me access to their high speed refrigerated centrifuge. 

without which this study is yet to be completed. 

Most of all I am grateful to my husband, Zakaria b. Hj. Majid. for being 

supportive. understanding and lOving all the way and Cor spending his {ree time. and 

more, helping me type and print this thesis. 

Last but not least, my thanks goes to the Government of Malaysia and Universiti 

Pertanian Malaysia for granting me the study leave to carry out the PhD programme full 

time. 

iv 



TABLE OF CONTENTS 

Page 

ACKNOWLEDGE� ill 

liST OF TABLES be 

liST OF FIGURES xi 

liST OF PLATES xvi 

liST OF ABBREVIATIONS .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xviii 

ABSTRACI' 

ABSTRAK 

CHAPTER 

1 INTRODUCI'ION 

2 liTERATURE REVIEW 

Definition of Lipase 

Detection and Determination of ActMty I 

Screening for Lipolytic Activity 

Assay of Lipase ActMty 

Production of Lipases 

Properties of Lipases 

pH Optimum and Stability 

Temperature Optimum and Stability 

v 

xix 

1 

7 

7 

9 

10 

12 

16 

26 

26 

29 



Esterase Activity of Lipases 

Specificity 

3 ISOLATION, SCREENING AND IDENTIFICATION OF 

30 

32 

LIPOLYTIC YEASTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  36 

Introduction 

Materials and Methods 

Materials 

Methods 

Results and Discussion 

Summary 

4 LIPOLYTIC ACTIVITIES OF YEAST ISOLATES 

36 

38 
38 

38 

44 

63 

IN LIQUID CULTURE MEDIUM . . . . . . . . . . . . . . . . . . . . . . . . . 66 

Introduction 

Materials and Methods 

Materials 

Methods 

Results and Discussion 

Summary 

5 PRODUCTION OF EXTRACELLULAR AND CELL-BOUND LIPASE 

66 

61 

61 

68 

72 

97 

BY Geotrichum candidum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 98 

Introduction 98 

Materials and Methods 100 

vi 



Materials . . . . . . . . .. . . . .. . . . . .. . . . . ...... . . . .. . .. 

Methods . "  .... . . . .. . . . . .. . .. . . . ........ . . . . . . . . . 

Results and Discussion 

Summary . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . .. .. . .. . . .. . . . .  

6 PARTIAL CHARACI'ERISATION OF CELL-BOUND LIPASE 

100 

100 

05 

119 

OF Geotrichum candidum . . . . . . . . . . . . . • . . . . . . . . . . . . . . . 120 

Introduction 

Materials and Methods 

Materials 

Methods 

Results and Discussion 

Summary 

7 EXTRAcrION, PURIFICATION AND CHARACfERISATION 

120 

121 

121 

121 

125 

141 

OF CELL-BOUND UP ASE OF Geotrichum candidum . . . . . . . . . . 144 

Introduction 144 

Materials and Methods 146 

Materials 146 

Methods 147 

Results and Discussion 154 

Demonstration of Lipase Activity 154 

Effect of Triton X-loo on the Extraction of 
Cell-bound Lipase . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 155 

Effect of Mg2+ on the Extractability 
of Cell-bound Lipase . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 158 

vii 



Effect of pH on the Extractability of 
Cell-bound Lipase . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 162 

Rate of Extraction of Lipase 

Some Character�tics of Extracted Lipase 

Purification of Extracted Cell-bound Lipase 

Molecular Weights 

Purification of Soluble Extracellular Lipase 

Summary 

8 CONCLUSION AND RECOMMENDATIONS 

BIBLIOGRAPHY 

APPENDICES 

BIOGRAPHICAL SKETCH 

viii 

166 

168 

183 

186 

189 

193 

194 

196 

206 

239 



Table 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

LIST OF TABLES 

Worldwide Enzyme Market (approximate) ................ . 

Production of Upases by Microorganisms with 
Respect to the Number of lsozymes Produced ............... . 

The Esterase Activity Versus the Lipase 
Activity of Some Microbial Upases 

Morphological Characteristics of the 
G. candidum Strains ................................ . 

Morphological Characteristics of the Candida sp., 
the Kluveromyces sp. and the Pichia sp. . . . . . . . . . . . .. . . ... . 

Physiological and Biochemical Characteristics of the 
Geotrichum candidum Strains and the Yeast Isolates 

Physiological and Biochemical Characteristics of the 
Lipolytic Bacteria . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Assessment of Lipolytic Activity of the 
Yeast Isolates for Various Oils 

The Free Fatty Acids Contents, Saponification 
Values, Mean Molecular Weights and Fatty Acid 
Composition of the Oils Used in the Qualitative 
Assessment of Lipolytic Activity ..................... . 

The Free Fatty Acid Contents, Mean Molecular 
Weights and Fatty Acids Composition 
of Palm Olein, Palm Kernel Olein, Safflower 
Oil, Olive Oil and Soybean Oil Used in 
the Quantitative Assessment of Lipolytic 
Activity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Effect of Media Formulation on the Lipolysis of 
Palm Olein by Geotrichum candidum Strain 1 

Degree of Hydrolysis of Selected Oils by 
the Lipolytic Yeasts ................................. . 

ix 

Page 

4 

23 

31 

46 

47 

58 

60 

62 

64 

73 

74 

82 



13 Effect of Increasing the Concentration of 
Palm Olein On The Degree of Lipolysis 

14 Effects of Carbohydrates On The Production of 
Cell-Bound Lipase And The Hydrolysis of 

93 

The Palm Olein by G. candidum . . . . . . . . . . . . . . . . . . . . . . . . 115 

15 Effect of Different Oils On The Production 
of Cell-Bound Upase . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 117 

16 Substrate Preference of Cell-Bound Upase Produced 
by G. candidum Grown For 8 h In YM Medium 
Containing Different Oil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 18 

17 The Km and Vmax Values Of The Cell-Bound Lipase 
of G. candidum For Various Fatty Acid 
Esters of p-Nitrophenol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 142 

18 The Activity of Extracted Cell-Bound Lipase and 
Several Commercial Lipases For Tributyrin 
And Olive Oil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 172 

19 Purification of Extracted Cell-Bound Lipase of 
G. candidum • . . . • . • . • . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . 184 

20 Purification of Soluble Extracellular Lipase of 
G. candidum . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 191 

x 



Figure 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

UST OF FIGURES 

Catalysis of Triglycerides by Lipase 

Characteristics Used for the Identification 
of Yeasts • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

The Effect of Initial pH of Medium on the 
Hydrolysis of Palm Olein by G. candidum 

Lipolytic Activity of the Yeast Isolates 
and the Strain of G. candidum as a 
Function of Time .................................... . 

Cell Mass and the Final pH of the Culture Medium 
Following Growth of the Organisms ..................... . 

The Effect of pH on the Hydrolysis 
of Palm Olein by the Pichia sp. 

Hydrolysis of Palm Olein by the Pichia sp. 
as a Function of Time. . . . .. . . . . . . . . . . . . . . . . . .. . . . . . . . . . 

Thin-layer Chromatogram of Palm Olein Following 
Hydrolysis by G. candidum. . . . . .. . . . .. . . . ... . . .... . . . . .  . 

Thin-layer Chromatogram of Palm Olein Following 
Hydrolysis by the Candida sp. . . ... ...... .... . .. . . . . . .. . 

Thin-layer Chromatogram of Palm Olein Following 
Hydrolysis by the Pichia sp. . . . .. . .... . . .. . . . . . . .... . . . 

The Hydrolysis of Palm Olein, Palm Kernel 
Olein and Soybean Oil by a Strain of 
G. candidum as a Function of Time 

Thin-layer Chromatogram of Palm Kernel 
Olein Following Hydrolysis by G. candidum. 

Thin-layer Chromatogram of Soybean Oil 
Following Hydrolysis by G. candidum. 

Production of Extracellular Lipase 
as a Function of Time. .. .. .. .. .. .... .. .. .. .. . .. .. .. .. . .... .. .. .. .... .. . .  

xi 

Page 

1 

43 

75 

77 

78 

80 

81 

84 

85 

86 

93 

94 

95 

106 



15 

16 

17 

18 

Time Course for the Production of Cell-bound 
Lipase by G. ctDIdidum. . . • • • • . . . • • . . • . . . . • . . . . . . . . . . . .  

Effect of Glycerol on the Production of 
Cell-bound Lipase by G. candidum. ... .. .. . .. . . .. . . . . . . . .. . 

Effect of Initial pH of Culture Medium 
on the Production of Extracellular Lipase 

Effect of Initial pH of Culture Medium on the 
Growth and Production of Cell-bound Lipase 

19 Effect of pH on the Activity of 

109 

111 

112 

113 

Cell-bound Lipase . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 150 

20 Effect of Temperature of Reaction on the 
Activity of Cell-bound Lipase Produced 
After Cultivation of G. candidum for 8 h, 
11 h and 24 h . . . . • . . . • • . . . • . . . . . . . . . . . . . . . . . . . . . . . . . 151 

21 Effect of Elevated Temperature of Reaction 
on the Activity of Cell-bound Lipase After 
Growing G. candidum for 8 h. . . . . . . . . . . . . . . . . . . . . . . . . . 152 

22 Effect of Temperature of Reaction on the 
Growth of G. candidum. • • . . . . • • . . . . . . . . • . • . . . . . . . . . . . 153 

23 Effect of Temperature of Reaction on the 
Activity of Cell-bound Lipase Produced 
in the Absence of on and in the 

24 

Presence of Oil . . . • . • • • . • . • • . . . . . . . . . . . • . . . . . . . . • . . . . 154 

Effect of Storage on the Temperature Optimum 
of the Cell-bound Lipase of G. candidum. 155 

25 Effect of Heating on the Temperature Optimum 
of Cell-bound Lipase of G. candidum. . . . . . . . . . . . . . . . . . . . • . 156 

26 Thermal Deactivation Curves for Cell-bound 
Lipase at 4()OC, SOOC and 6()OC, • • • • • • • • • • • • • • • • • • • • • • • • • 157 

27 Effect of Substrate Concentration on the Initial 
Velocities of CeU-bound Lipase . . . . . . . . . . . . . . . . . . . . . . . . 158 

28 Substrate Preference of the Cell-bound 

29 

Lipase of G. candidum. . . . . • . . . . . . • . . . . . . . . . . . . . . . . . . . . 162 

Effect of pH on the Hydrolysis of Olive Oil and 
Tn'butyrin by the Extracted Cell-bound Lipase 

xii 

190 



30 

31a 

31b 

32a 

32b 

32c 

33a 

33b 

34 

Effect of pH on the Activity of Extracted 
Cell-bound Lipase . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Effect of Magnesium Ions (as MgCl2) on 
the Extractability of Cell-bound Lipase 

Effect of Mg ions the Activity of Cell-bound Lipase 

Effect of pH of Extraction Buffer on the 
Extractability of Cell-bound Upase ....................... . 

Effect of pH Extraction Buffer on the 
Release of Cell-bound Protein 

Effect of pH of Extraction Buffer on 
the Activity of the Cell-bound Lipase 

Rate of Extraction of Cell-bound lipase 

Rate of Extraction of Protein from Cells 

Substrate Preference of the Extracted 
Cell-bound Lipase of G. candidum. 

.. ..  <I .. .. . .. .. . .. .. .. .. .. .. .. .. .. .. ..  " 

.. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. ..  

.. .. .. .. .. .. ..  " .. .. .. .. .. .. .. .. .. .. ..  

.. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. ..  

191 

192 

193 

194 

195 

196 

197 

198 

200 

35 Substrate Preference of Candida 
cylindracta Lipase . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 201 

36 Substrate Preference of Porcine 

37 

Pancreatic Lipase . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 202 

Substrate Preference of Wheat Germ Lipase 203 

38 Substrate Preference of Novo Palatase 
(A. niger lipase) . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 204 

39 Substrate Preference of Novo Lipozyme 
(M. miehei lipase) . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 205 

40 Double Reciprocal Plot of the Extracted 
Cell-bound Lipase Using p-Nitrophenylpalmitate 

41 

42 

as the Substrate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 206 

Effect of Temperature of Reaction on the 
Activity of the Extracted Cell-bound Lipase 

Effect of Storage on the Temperature Optimum 
of Extracted Cell-bound Lipase ......................... . 

xiii 

207 

208 



43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

Gel·filtration Chromatogram of Crude Extracted 
Cell-bound Lipase on Sephadex 0·150 .. . . . . . . . ..... . . .. . . . 

Gel·filtration of Ultra-retentate on 
Sephadex 0-150 ................................... . 

Molecular Weight Determination by Gel-flltration 
on Sephadex 0·150 ........... . .......... . ......... . 

Determination of Molecular Weight by 
Gel-filtration on Sephadex 0·150 

Gel-filtration Chromatogram of Partially Purified 
Extracellular Lipase on Sephadex 0-150 .. . . . ..... . . ..... . 

Master Key of IdentifICation 

Scheme Showing the IdentifICation of 
Micro-fungus 1 . . . ........... . . . . .... . ....... . . .. . .  . 

Scheme Showing the Identification of 
Micro-fungus 2 ...... . . .. . . . ........ . .......... . . . .  . 

Scheme Showing the Identification of 
Micro-fungus 3 .................................... . 

Scheme Showing the Identification of 
Yeast Isolate 1 ................. . . . ............... . . 

Scheme for the Identification of Yeast 
Isolate 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Scheme for the identification of 
Yeast Isolate 3 ......... . . .... . . ..... . .... . . .. . . . .. . 

Gas Liquid Chromatogram of Sunflower Oil 

Gas Liquid Chromatogram of Rice Bran Oil 

Gas Liquid Chromatogram of Corn Oil 

Gas Liquid Chromatogram of Saffiower Oil 

Gas Liquid Chromatogram of Palm Kernel Olein 

Gas Liquid Chromatogram of Coconut Oil ..... . . .. .. . . . . . . . 

Gas Liquid Chromatogram of Palm Olein 

xiv 

209 

211 

212 

213 

215 

207 

208 

209 

210 

211 

212 

213 

215 

215 

215 

216 

216 

216 

217 



62 

63 

64 

65 

66 

67 

68 

69 

70 

7 1  

72 

73 

Gas Liquid Chromatogram of Olive Oil 

Gas Liquid Chromatogram of Soybean Oil 

Calculation of Mean Molecular Weight of 
a Triglyceride Using Palm Olein as an Example 

Calculation of Saponification Value/Number 

Calculation for Amount and Percent Free Fatty 
Acid Due to Hydrolysis of Triglyceride 

Thin-layer Chromatogram of Liquid Standards 

Standard Curve of E. .. .. Versus the 
Concentration of p-Niuophenol 

Double Reciprocal Plot of Cell-bound Lipase 
Using p-Niuophenylbutyrate as the Substrate 

Double Reciprocal Plot of Cell-bound Lipase 
Using p-Niuophenylcaproate as the SubsUate 

Double Reciprocal Plot of Cell-bound Lipase 
Using p-Nitrophenylcaprylate as the Substrate 

Double Reciprocal Plot of Cell-bound Lipase 
Using p-NitrophenyUaurate as the Substrate 

Double Reciprocal Plot of Cell-bound Lipase 
Using p-Nitrophenylmyristate as the Substrate 

217 

217 

219 

220 

221 

223 

225 

227 

228 

229 

230 

231 

74 Double Reciprocal Plot of Cell-bound Lipase Using 
p-Nitrophenylpalmitate as the Substrate . . . . . . . . . . . . . . . . . . . 232 

75 Double Recipracal Plot of Cell-bound Lipase Using 
p-Nitrophenyktearate as the Substrate . . . . . . . . . . . . . . . . . . . . 233 

76 Semi-log Plot of % Residual Activity 

77 

78 

Against Time . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 235 

Gel-filtration Chromatogram of Extracted 
Cell-bound Lipase on Sephadex G-75 

Gel-filtration Chromatogram of Extracted 
Cell-bound Lipase Eluted on Sephadex 0-100 

xv 

237 

238 



Plate 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11  

12 

13 

UST OF PLATES 

Detection of Upolysis on EI-Azzabi et aL on 
agar incorporated with palm olein ....................... . 

Photomicrograph of G. candidum Grown for 3 Days in 
Glucose Yeast Extract Medium, x 260 ................. . 

Photomicrograph of G. candidum Grown for 15 Days on 
Gorodkowa Agar Showing Hyaline Hyphae 
and Arthrospores, x 400 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Photomicrograph of G. candidum Grown in Glucose Yeast 
Extract for 5 Days Showing Arthrospores and 
Enlarged Cells, x 400 . . ....... . ... . ... . .. . . . . . . . . .  . 

Growth of G. candidum in the anaerobic section 
of Dalmau Plate culture, x 25 ........................ . 

Growth of G. candidum on Dalmau Plate Culture 
Using Com Meal Agar .............................. . 

Growth of G. candidum in the Aerobic Section of 
Dalmau Plate Culture, x 25 ............................ . 

Photomicrograph of the Candida sp. Cultured in Glucose 
Yeast Extract Medium for 3 Days, x 400 ........ . ... . .... . 

Photomicrograph of the Candida sp. After Growth on 
Gorodkowa Agar for 15 Days, x 400 ...... . .... . . . . . . . . .  . 

Photomicrograph of the Kluveromyces sp. Grown in Malt 
Extract Broth for 3 Days, x 400 . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Photomicrograph of the Kluveromyces sp. Grown in Glucose 
Yeast Extract Medium for 5 Days, x 400 . . . . . . . . . . . . . . . . . .  . 

Photomicrograph of the Kluveromyces sp. Grown on 
Gorodkowa Agar for 15 Days, x 400 . . . . . . . . . . . . . . . . . . . .  . 

Photomicrograph of the Pichia sp. Cultured in Glucose 
Yeast Extract for 3 Days, x 400 ... . . ...... . .. . . . . . . . .. . .  . 

xvi 

Page 

41 

48 

48 

49 

49 

50 

50 

51 

51 

52 

52 

53 

53 



14 

15 

16 

17 

18 

19 

20 

Photomicrograph of the Pichia sp. Grown on Gorodkowa 
Agar for 15 Days, x 400 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Photomicrograph of the Pichia sp. Grown on Glucose Yeast 
Extract Medium for 5 Days, x 400 . . . . . . . . . . . . . . . . . . . . . . .  . 

Photomicrograph of a Dalmau Plate Culture of the Candida 
sp. Showing the Formation of Pseudohyphae, x 40 ........... . 

Photomicrograph of a Dalmau Plate Culture of the 
Kluveromyces sp. Showing the Formation of 
Pseudohyphae, x 40 ................................ . 

Photomicrograph of aDalmau Plate Culture of the Pichia sp. 
Showing the Formation of Pseudohyphae, x 40 ............. . 

Photograph Showing the Physical Appearance of Oils 
Following Microbial Hydrolysis ........................ . 

Photograph Showing the Close up of the Hydrolysis 
Product of Palm Olein ............................... . 

xvii 

54 

54 

55 

56 

57 

89 

90 



LIST OF ABBREVIATIONS 

E.A Enzyme activity 
S.E.A Specific enzyme activity 
rone. concentration 
prot protein 
rpm revolution per minute 
ppm part per million 
v/v volume per volume 
moLwt molecular weight 
TLC Thin-layer chromatography 
OLC Gas liquid chromatography 
min minute 
h hour 
C4 butyratelbutyric acid 
C6 caproate/caproic acid 
C8 caprylate/caprylic acid 
CIO caprate/capraic acid 
Cl2 laurate/lauric acid 
Cl4 myristate/myristic acid 
C16 palmitate/palmitic acid 
C18 stearate/stearic acid 
C18:1 oleate/oleic acid 
C18:2 linoleate/linoleic acid 
C18:3 linolenate/linolenic acid 
m.t metric tonne 
xg times gravity 
ppm part per million 
PYA polyvinyl alcohol 
mM millimolar 
umol micromole 
mmol millimole 
v/w volume per weight 
w/v weight per volume 
psi pound per square inch 
g gram 
mg milligram 
ml milliliter 
em centimeter 
sp. species 
YM yeast - malt extract 
str. strain 
GYE glucose - yeast extract 

xviii 



Supervisor 

Faculty 

Abstract of the Thesis Presented to the Senate of Universiti 
Pertanian Malaysia in FulfIlment of the Requirements for the 

Degree of Doctor of Philosophy. 

PRODUCTION AND CHARACTERISATION 

OF THE CELL-BOUND LIPASES SECRETED BY 

A NEWLY ISOLATED STRAIN OF 

Geotrichum candidum 

by 

HASANAII MOHD GlIAZALI 

August, 1990 

Lee Kong Hung, PhD 

Food Science and Biotechnology 

Indigenous lipolytic microorganisms were successfully isolated from soil samples 

collected from an oil palm plantation and were identified up to the generic level. Over 

seven hundred microbial colonies were screened and fifteen were found to be positive for 

the hydrolysis of triolein. Of these, three were yeast speCies, another three were strains 

of Geotrichum candidum and the rest were bacteria. Studies on the lipolysis of various 

natural oils on solid media and in liquid media by the yeasts and the G. candidum strains 

showed that the latter were the most potent lipolytic organisms. One of the yeasts was 

found to be weakly lipolytic. These organisms shared two common features: they were 

not able to hydrolyse tributyrin and they hydrolysed palm kernel olein, which is a lauric 

acid .oil, poorly. Results obtained indicated that these organisms probably elaborated 

extracellular lipases that possessed some degree of fatty acid specifiCity. 
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The cultural conditions for the maximal hydrolysis of palm olein and for the 

production of extracellular lipases, both soluble and cell-bound, in submerged culture 

were determined for one of the G. candidum strains. The optimal pH for lipolysis and 

maximal production of lipases occurred at pH 7.0 - 7.2. It was discovered that the soluble 

lipase of this organism was produced constitutively. The cell-bound lipase, however, was 

found to be an inducibJc enzyme where production took place only when an oil was added 

to the culture medium. The type of oil used did not affect production significantly but the 

presence of sugars and glycerol decreased lipase productivity markedly. High levels of 

glycerol suppressed growth of the organism. 

The cell-bound lipase was characterised and was shown to be most active at 43°C 

and preferred p-nitrophenylcaprylate as the substrate. The kinetics of the hydrolysis of 

various fatty acid esters of p-nitrophenolwere studied and the Km and Vmax values are 

presented. When the enzyme was stored at 4°C, a second temperature optimum 

developed at 3()oC. Continued storage resulted in an increase in the activity at 300C with 

a concomittant decrease in activity at 43OC. After 6 days, the temperature optimum at 

430C was completely IoSl The shift in temperature optimum from 43DC to 300C could be 

quickly achieved by heating the ceU-bound lipase at 4O"C for 2 h. 

The extraction of the ceU-bound lipase of G. candidum was simply and easily 

achieved by shaking induced cells in a buffer solution. Complete extraction could be 

accomplished in 4-5 h and the total enzyme activity recovered was 4.6-fold greater than 

what was initially measured and found to be bound to the ceUs. Magnesium ions 

when added to the extraction buffer caused a delay in the release of the enzyme from the 
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cells. The most efficient pH for extraction was pH 8.4. The extracted lipase was most 

active at pH 7.8. This enzyme had two temperature optima : 33°C and 4O"C. The 

temperature optimum at 33°C was observed only upon storage of the enzyme extract at 

4°C. When in the soluble form, the cell-bound lipase preferred p-nitrophenylpalmitate 

as the substrate, instead of p-nitrophenylcaprylate. The KIn and Vmax values of the 

enzyme for this ester was 6.7 mM and 6.3 x 1()J umoVmin, respectively. The rate of 

hydrolysis of olive oil exceeded the rate of hydrolysis of tributyrin by 4 times. The proflles 

of the hydrolysis of a number of fatty acid esters of p-nitrophenol, olive oil and tributyrin 

of the extracted lipase and those of several commercial lipases were obtained and 

compared. 

Purification of both the extracted lipase and soluble lipase was performed and the 

results obtained are presented. Gel flltration of cell-bound extract and soluble lipase 

extract on Sephadex G-150 revealed that the G. candidum produced at least two cell­

bound lipase and two soluble lipase isozymes. The molecular weights of the bound lipases 

were estimated to be 75,000 and 58,000 - 61,000, respectively. 
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Mikroorganisma lipolitik tempatan telah berjaya diasingkan dari sampel-sampel 

tanah yang diarnbil dari sebuah ladang kelapa sawit dan dikenalpasti schingga kc paras 

genera. Lebih dari tujuh ratus koloni mikroorganisma telah disaring dan lima belas 

didapati positif terhadap penghidrolisisan triolein. Tiga daripadanya adalah spcsi-spesi 

yis, tiga lagi adalah strain-strain Geotrichum candidum dan yang lain adalab bakteria. 

Kajian-kajian mengenai lipolisis beberapa minyak asli diatas media pepejal and didalam 

media kultur cecair oleh yis-yis dan strain-strain G. candidum tersebut menunjukkan 

bahawa strain-strain G. candidum merupakan organisma lipolitik yang terhandal. Salah 

satu dari yis-yis didapati organisma lipolitik yang lemah Organisma-organisma ini 

berkongsi dua sifat umum. Mereka tidak berupaya rnenghidrolisis tributirin dan kurang 
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baik dalam menghidrolisis minyak olein isirong kelapa sawit, sejenis minyak asid laurik. 

Keputusan yang diperolehi menunjukkan bahawa organisma-organisma tersebut 

berkemungkinan merembes lipase-lipase ekstrasel yang mempunyai beberapa darjah 

kekhususan terhadap asid lemak. 

Keadaan pengkulturan untuk hidrolisis minyak olein kelapa sawit dan penghasilan 

lipase-lipase ekstrasel iaitu kedua-dua lipase terlarut dan terikat-sel dalarn kultur 

terendam, yang maksimum ditentukan untuk salah satu dari strain-strain G. candidum. 

pH optimum untuk lipolisis dan penghasilan maksimurn lipase berlaku pada pH 7.0 -7.2. 

Lipase terlarut untuk organisma ini adalah dihasilkan secara juzukan (konstitutit). Akan 

tetapi, lipase terikat-sel merupakan sejenis enzim teraruh. Penghasilan berlaku hanya 

apabila minyak ditambah kepada media kultur. Jenis minyak yang ditambah tidak 

memberi kesan yang bererti kepada penghasilan tetapi kehadiran gula dan gliserol 

mengurangkan penghasilan lipase dengan nyata. Paras gliserol yang tinggi menyekat 

tumbesaran mikroorganisma tersebut 

Lipase terikat-6el dicirikan dan ditunjukkan paling aktif pada 43°C dan menyukai 

p-nitrofenilkaprilat sebagai substrat Kinetik penghidrolisan beberapa ester asid lemak 

kepada p-nitrofenol dikaji dan nilai-nilai KIn dan Vmax dibentangkan. Apabila enzima 

tersebut distor pada 4OC, suhu optimum yang kedua membangun pada 30"C. Penstoran 

seterusnya mengakibatkan aktiviti pada 3O"C meningkat dan pada rnasa yang sarna, 

aktiviti pada 43°C menurun. Selepas 6 hari, suhu optimum pada 43°C terhapus sama 

sekaJi. Perubahan suhu optimum dari 43°C kepada 3O"C boleh diperolehi dengan cepat 

dengan memanaskan lipase terikat-sel pada 4O"C selama 2 jam. 
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