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Thirty six organic solvent tolerant bacteria were isolated at 45°C from 13 soil samples.
The bacterial isolates could be divided into 3 groups. 1) Bacteria which tolerate to organic
solvents with a broad rang of log P, value consist of Deinococcus geothermalis T27 and Bacillus
cereus 4/1. D. geothermalis T27 demonstrated high tolerance to 20% (v/v) ethyl acetate. D.
geothermalis 127 cells in a direct contact to ethyl acetate appeared to have a smaller size but no
significant change in the level of fatty acid composition. Cells could also degrade ethyl acetate
and induce esterase when exposed to ethyl acetate. For B. cereus 4/1. it had high tolerance to 20%
(v/v) toluene and could degrade toluene. 2) Bacteria which tolerate to organic solvents with log
Pow = 3.0 1s Bacillus subtilis 45. B. subtilis 45 cells changed neither cell size nor the concentration
of fatty acid composition in n-decane exposure. B. subtilis 45 tolerated to 20% (v/v) of n-decane
and cyclohexane and could degrade both of them. 3) Bacteria which tolerate to organic solvents
with log P, < 2.0 is Brevibacillus agri 13. Cells of Brevibacillus agri 13 did not change cell size
after ethyl acetate exposure. However, there is a change in a fatty acid composition. It could
degrade n-butanol and induced alcohol dehydrogenase when exposed to with n-butanol.
Brevibacillus agri 13 could tolerate to 20% (v/v) ethyl acetate but could not degrade ethyl acetate.
Intriguing characteristics of organic solvent tolerant bacteria may demonstrate their potential use

in biotechnological processes.

B



%1

ACKNKOWLEDGEMENTS

[ would to express my deepest gratitude to my advisor, Assistant Professor Alisa
Vangnai for her excellent instruction, guidance, encouragement, attention and support
throughout this thesis. Without her kindness and understanding, this work could not be

accomplished.

My gratitude is also extended to Professor Aran Incharoensakdi, Associate
Professor Warawut Chulaluksananukul and Assistant Professor Kanoktip Packdibamrung

for serving as thesis committee, for valuable comments and also for useful suggestiions.

There are so many friends to mention from so little space to fill. I would like to
give a deep thank to all staff members of room 604 and friends in the Department of
Biochemistry and Program in Biotechnology for their friendsphip, kind assistance and
support. I would like to express thanks to Miss Kanokwan Chodchey and Professor

Cornelis Verduyn for FAME analysis.

Finally, the greastest gratitude is expressed to my lovely family for their infinite

love, willpower, support, understanding, encouragement and everything giving to my life.

This work was financially supported by 90™ aniversary of Chulalongkorn
University Fund, Graduate School, and Program in Biotechnology, Faculty of Science,

Chulalongkorn University.



CONTENTS

CHAPTER 1 INTRODUCTION. .. ...,
1.1 Statement of problem . ..
1.2 Objectivesand expeoted resuliSes. b e bssad « « ¢ v s@oshn e oses

1.3 Hypotheses

1.4 Scopes of the study

1.5 The organization

CHAPTER 11 LITERATURE REVIEW

Vi

X1V

XVl

6



viii

Page
2.4 Physiological basis of organic solvent toxicity
and the concept of organic solvent tolerance ................ 9
2.5 Isolation of organic solvent tolerant bacteria ................ 10
2.6 Adaptive mechanisms of organic-solvent tolerance . ... ...... 14
2.6.1 Morphological adaptation .......................... 15
2.6.2 Changes of the energetic status ..................... 15
2.6.3 Adaptation of the cell membrane .................... 16
2.6.4 Changes in the cell wall and outer membrane. . .. ... .. 17
2.6.5 Modifying surface properties
(charge and hydrophobicity) ........................ 17
2.6.6 Transformation or degradation
of the organicsolvent..............covvvvvnunn..... 18
2.6.7 Active transport of solvents from the
membrane into the environment by
energy-consuming efflux systems .................. 18
2.6.8 Modifying membrane proteins. ..................... 19
2.7 Application of organic solvent-tolerant bacteria. ............ 19
2.7.1 Biotechnology application ........................ 20

2:7.2 BIOTETEAIBIION. « vvivcc o soillmm s o6 s 5 56t o8 oe e simo 21



CHAPTER

11 METHOROREOGY | s s « « o5 50 £55 5 o+ e Sl

3.1 Laboratory equipments, chemicals ..........................
3.1 JrLaboratory Sqnipmsnits, « « Bismechtmua s : s - ¢ » thns bnsn sl
3. 12 Baboratorg @BemiCals. . . . omw. o i papstissssommmreste o
8.2 oture: Y VCRETNG. - . ... B v o B 5 5+ ol it T R = 56 < 5. e B

B.3 MISthodol@RiEm, .£. . ... .. JBodi sy s M s sl 5 s s MR o0 i

3.3.1 Screening and isolation of organic solvent tolerant

bacteria using enrichment technique with toluene

and cyclohexane vapor..........c.coooivinieinnnvennn..
3.3.2 Primary test of the isolates for solvent

utilization and tolerance ..............cooiiiinenn.n...
3.3.3 Secondary test of the isolates for solvent

ntilization and 1elerante . coanaiv s iosnio nn s o nsllins
3.3.4 Identification of the organic

solvent-tolerant bacteria .............. ...,
3.3.5 Characterization of the organic

solvent-tolerant bacteria............

3.3.5.1 Effect of types and concentrations of organic

solvent on cell growth and tolerance ...........
3.3.5.2 Effect of organic solvent on cell morphology ...

3.3.5.3 Determination of cell fatty acid composition . . ..
3.3.5.4 Organic solvent utilization

using resting cell technique .....................

X

24

27

29

30

31

33



3.3.5.5 Determination of enzymatic activity
involving organic solvent utilization ............ 38

3.3.6 Factors involving organic solvent tolerance
of the: DEBIGEIRE 0000, 1000k tas sk« s = o v 5 5 Mis B 5 e 42

3.3.6.1 Effcct of divalent ion on cell growth
and organic solvent tolerant .................... 42

3.3.6.2 Effect of nutrient on cell growth

and organic solvent tolerance .................. 42
CHAPTER 1V T A T e e, T 43
4.1 Screening, isolation and identification
of organic solvent-tolerant bacteria ........................... 44
4.1.1 Primary test of the isolates for organic solvent

utilizition and 1OIEIRREETI.". . . . . . 5% b thowrs v o alaiiie s ¢ 0525 44

4.1.2 Secondary test of the isolates for organic solvent
utilization and tolerance ................ ... ... ..., 45
4.1.3 Identification of organic solvent-tolerant bacteria . ....... 59
4.1.3.1 The morphological characteristics ............... 59
4.1.3.2 The biochemical test ............ccovvnvenen... 59

4.1.3.3 16S ribosomal DNA gene ........oovvuvnn.... 59



4.2 Deinococcus geothermalis T27

4.2.1 Characterization of organic-solvent tolerant bacteria. . . ...

4.2.1.1 Effect of type and concentration of organic

solvent on growth and tolerance

4.2.1.2 Effect of organic solvent on cell morphology .. ..
4.2.1.3 Effect of organic solvent on

fatty acid composition

4.2.1.4 Organic solvent utilization. ....................

4.2.1.5 Enzymatic activity involving

organic solvent utilization

4.2.2 Factors involving of organic-solvent tolerance

4.2.2.1 Effect of 1ons on growth and tolerance

4.2.2.2 Effect of nutrient on growth and tolerance

4.3 Bacillus cereus strain 4/1

4.3.1 Characterization of organic-solvent tolerant bacteria . . ..
4.3.1.1 Effect of type and concentration of organic

solvent on growth and tolerance................

4.3.1.2 Effect of organic solvent on cell morphology . ..
4.3.1.3 Effect of organic solvent on fatty acid

composition

4.3.1.4 Organic solvent utilization

4.3.2 Factors involving of organic-solvent tolerance

4.3.2.1 Effect of ions on growth and tolerance .. ........

X1

70

71

75

73

76

79

79

79

80

82

84

84



X1l

Page
4.3.2.2 Effect of nutrient on growth and tolerance ... .... 87
4.4 Bacillus subtilis stram 45 ... ... . ... . . 89
4.4.1 Characterization of organic-solvent tolerant bacteria . . .. 89
4.4.1.1 Effect of type and concentration of organic
solvent on growth and tolerance................ 89
4.4.1.2 Effect of organic solvent on cell morphology . ... 91
4.4.1.3 Effect of organic solvent on fatty
acid COMPOSILION . .. cvevnemersnvonreneecnnenss 92
4.4.1.4 Organic solvent utilization .................... 93
4.4.2 Factors involving of organic-solvent tolerance . ........ 94
4.4.2.1 Effect of ions on growth and tolerance ......... 94
4.4.2.2 Effect of nutrient on growth and tolerance . .. ... 98
4.5 Brevibacillusagri strain 13 .........ccovvieureennunnnnnn. 101
4.5.1 Characterization of organic-solvent tolerant bacteria . . . 101
4.5.1.1 Effect of type and concentration of organic
solvent on growth and tolerance ............... 101
4.5.1.2 Effect of organic solvent on cell morphology . .. 102
4.5.1.3 Effect of organic solvent on
fatty acid composition ........................ 104
4.5.1.4 Organic solvent utilization .................... 104

4.5.1.5 Enzymatic activity involving

organic solvent utilization..................... 106



CHAPTER V DISCUSSION

4.5.2 Factors involving of organic-solvent tolerance

4.5.2.1 Effect of 1ons on growth and tolerance

4.5.2.2 Effect of nutrient on growth and tolerance. .. ......

Discussion

CHAPTER VI CONEEMBIIDNS. . L. om -« PP onhmame s SRS « =5 ¢« = i

ConClUSIONSIIE It « o v o o 5 s BB e 5 8 55 o SRORAE e, 8]

REFERENCE

ST o 5. g 0+ et 1o 5.5 5 6 B 5 o % & &6 i e« Ll s i P

APPENDICESE 5. . .« o « s s P Wisess 5 o6 ot aoh o 5 sl sl o o gt o oo il

Appendix A

Appendix B

721570173 (61 . O P

BIOGRAPHY

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

114

114

124

124

126

135

146

148

149



LIST OF TABLES

Table

2.1

2.2

23

2.4

2.5

2.6

4.1

4.2

4.4

4.5

4.6

4.7

4.8

4.9

4.10

4.12

Chemical classification of organic solvents ..., ..
Popular solvents in solvent-containing products ........................
Organic solvents and their log Poy values . ...,
Fxamples of organic solvent tolerant bacteria ..........................
Solvent tolerance of Gram-negative bacteria ... ..ovveennee e e ...
Solvent tolerance of Gram-positive bacteria ..o ...

Source of soil sample used for screening and bacterial isolates obtained . . .

Primary test for solvent tolerance and solvent

utilization on agar overlaid with solvent ...............................
Organic solvent tolerant bacterial isolates chosen for further study ... .. ..
Morphological characteristic of bacteria ..............oo i ...
The biochemical test results of four bacterial isolates were chosen . ........
Comparison of 16S ribosomal DNA gene for bacterial identification .. .. ..

Cell size of D. geothermalis T27 exposed and not exposed ethyl acetate . . .

Fatty acid composition of D. geothermalis T27 non-exposed and

exposed 10 Ethyl SOBANE « v o 5o MBBEGE o 00 dotinboan e e s o uss RS = x5 16 3 508 55
Esterase activity of D. geothermalis T27 ...,

Cell size of B. cereus strain 4/1 exposed and not exposed to chloroform . . ..

Fatty acid composition of B. cereus strain 4/1 non-exposed and

exposed to chloroform . .....cviieriinrismecrnerinsenosorecneennennomns

Cell size of B. subtilis strain 45 grown with and without n-decane ... ......

X1V

10

12

46

47

52

61

63

64

68

70

12

81

82

91



XV

Page
4.13 Fatty acid composition of B. subtilis strain 45 non-exposed and
eXPosed T02-AECANE ... coueiinveunnesmssmsslanesiessssssshobes g 93
4.14 Cell size of Brevibacillus agri strain 13 exposed with ethyl acetate. . . . . .. 103
4.15 Fatty acid composition of Brevibacillus agri strain 13
non-exposed and exposed to ethyl acetate ............................ 104

4.16 Esterase activity of Brevibacillus agristrain 13 ............ . cooiou.. 106



LIST OF FIGURES

Figure
2.1 Adaptive mechanisms protecting cells against toxic

effects of organic solvents

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

3.1 A flow chart of experimental methods of the thesis

3.2  Characteristics of colonies

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

4.1 Secondary test of bacterial isolates in group |

4.2 Secondary tests of bacterial 1solates in group 11

4.3 Secondary tests of bacterial isolates in group IV

4.4  Growth inhibitions of D. geothemalis 127

4.5  Cell morphology of D. geothermalis 127

4.6 Utilization of ethyl acetate by D. geothermalis T27 ........ccoooo. ...
4.7  Effect of divalent ion on toluene tolerance in

LY. BEOthermilis L2 T s s I vs Bt B W e 5. 5.2 . 3 pa O s 3.6
4.8  Effect of divalent ion on cthyl acetate tolerance

in D. geothermalis 127

4.9 Growth of D. geothermalis 127 in various types

of nutrients

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

4.10 Effect of nutrient on cyclohexane; toluene; benzene;

ethyl acetate tolerance in D. geothermalis T27 ... ..
4.11 Growth inhibition of B. cereus strain 4/1

4.12 Cell morphology of B. cereus stram4/1 .................cccou...

Page

14

67
69

71

74

75

77

78
80

81

XVl



XVl

Page

4.13 Utihzation of toluene by B. cereus strain4/1 ..o, .. 83
4.14 Effect of divalent ion on styrene tolerance

il g TR T S e, W 85
4.15 Effect of divalent ion on toluene tolerance

D, cereug sirain 411 B . ..« B s sl + OO N R - o i 86
4.16 Growth of B. cereus strain 4/1 in various types of nutrients. ........... 87
4.17 Effect of nutrient on styrene; toluene; chloroform

olemance IN 7B cereus SRR 4/ Mm@l . . ... 00 e oo v v coms VamEs s s 88
4.18 Growth inhibition of B. subtilis stram4S ... ... ... .. ... ... ...... 90
4.19 Cell morphology of B. subtilis strain 45 ... iiiiiiiiinen... 92
4.20 Utilization of n-decane by B. subtilis strain4d5 ....................... 93
4.21 Utilization of cyclohexane by B. subtilis strain45 .................... 94
4.22 Effect of divalent ion on n-heptane tolerance

in B. subltilis Straiti 45 ...« VBt ST et B s ot 5505 bt ma s 95
4.23 Effect of divalent ion on cyclohexane tolerance

in B.subtilis strain 45 ... 96
4.24 Effect of divalent ion on ethylbenzene tolerance

IN B, subtilis strain 45 .. ..o 97
4.25 Growth of B. subtilis strain 45 in varies type of nutrients ............ 98
4.26 Effect of nutrient on n-decane; n-heptane; n-hexane;

cyclohexane; ethylbenzene tolerance in B. subtilis strain45 ......... 99
4.27 Growth inhibition of Brevibacillus agri strain 13 ................... 102

4.28 Cell morphologies of Brevibacillus agri strain 13 .................. 103



XVill

Page

4.29 Utilization of n-butanol by Brevibacillus agri strain 13 .............. 105
4.30 Utilization of ethyl acetate by Brevibacillus agri stran 13 ........ ... 105
4.31 Native- polyacrylamind gel electrophorsis with

activity staining of butanol dehydrogenase ........................ 107
4.32 Effect of divalent 1on on butyl acetate tolerance

In Brevibacillus agristrain 13 ... 109
4.33 Effect of divalent 10n on n-butanol tolerance in

Brevibacillus agrisirain 13 - asss ib siie somosoms Hansamams sameennn 110
4.34 Eftect of divalent 1on on ethyl acetate tolerance in

Brevibacillus agristram 13 ... . o i 111
4.35 Growth of Brevibacillus agri strain 13 in various types

of nutrients. Symbols of organic solvents ......................... 112

4.36 Effect of nutrient on butyl acetate; n-butanol; ethyl acetate

tolerance in Brevibacillus agristrain 13 .......................... 113



0.D.
rpm
min
oC

cm

et al.

= S =

M
mM
mg
min

MW

NOMENCLATURE

Colony forming unit
Milliliter

Microliter

microgram

Optical density
Revolution per minut
Minute

Degree of Celsius
centimeter

ET. Al (latin), and others
Gravitation acceleration
hour

liter

molar

millimolar

milligram

minute

molecular weight

X1X





