lO%lDé‘_U'éloélD'él_u'élDé‘_Uélo'élD'§l0'§lDé‘D%‘D%‘D%‘D%‘D%‘D%‘D‘X W

o
i
a

m-)@(-o,—)&‘o.—)@(..;o-—)@(-:c,-)@&-c.—)@-m-—)@(qa-)@(—m—)@(qo.—)@(qop)&qop)&qo-—
NN NN NN AN NS NN TAE

%'?
%é
:
%é
:
?
:
%é
¢
?
%é
%é
:
%é
%é
?
%Ié
?




lO%lDé‘_U'éloélD'él_u'élDé‘_Uélo'élD'§l0'§lDé‘D%‘D%‘D%‘D%‘D%‘D%‘D‘X W

o
i
a

FREPTES JEIPPILIN ooy
“ '

” s
it
L
C,
"“"M‘

af

i i}

L 4

L

il
d 19

m-)@(-o,—)&‘o.—)@(..;o-—)@(-:c,-)@&-c.—)@-m-—)@(qa-)@(—m—)@(qo.—)@(qop)&qop)&qo-—
NN NN NN AN NS NN TAE

%'?
%é
:
%é
:
?
:
%é
¢
?
%é
%é
:
%é
%é
?
%Ié
?




SNV

i il it el At
@ ASUNET
FREPTES JEIPPILIN ooy

Sl (el lin) b
ok 551y (oo ST Gusigad
i

Wlaeetig bl gul i gl DALY ol ot il ot
i Gl 599 i) i Gl @ il O3 (o

-----

llllllllll
llllllllllll

ettty | i ) G| A
@ ASUNET

Ol e
shiid] ol daoad) g@l 58 0ad Basi

/——m. 4 n

=X

dDW‘DW‘DW—-‘DW—-‘Dﬂ-m—-‘ﬂW—-‘DW—-‘DW—-‘DW—-‘DW—-‘DW—-‘DW‘DW‘DW‘DW‘DW‘DW‘DW‘OH

AN AN AN N N AN NNt




g
§
{
§
§
§
{
§
;}
§
{
{
§
§
{
§
§
§

m-)@(-o,—)&‘o.—)@(..;o-—)@(-:c,-)@&-c.—)@-m-—)@(qa-)@(—m—)@(qo.—)@(qop)@o,.-)@(..m—
OIS IEHEATATOSHOH

%'?
%é
:
%é
:
?
:
%é
¢
?
%é
%é
:
%é
%é
?
%é
?




lO%lDé‘_U'éloélD'él_u'élDé‘_Uélo'élD'§l0'§lDé‘D%‘D%‘D%‘D%‘D%‘D%‘D‘X WDH
]

i ol b |
@ ASUNET

FREPTES JEIPPILIN ooy

op)égc-op)&m.—)@(qo-—)@(qcp)@&-c.—)@qo-—)@(qnp)@(—.w—)@(qop)@(qop)@l(o,..-)@(qo.-

A

NN NN NN AN NS NN TAE

DélDé‘Dé‘lDéloélnﬂé‘lDé‘lDé‘Déloéloé‘Dé‘Dé‘Dé‘Dé‘Dé‘Dé‘Dé‘D'




FACULTY OF

: - PHARMACY
AIN SHAMS UNIVERSITY
Accredited by NAQAATKE

\'_._.7,.,; P S S
AFn Shoms Univarsity

Faculty of Pharmacy
Microbiology and Immunology

Production and characterization of some antifungal
metabolites produced by Alcaligenes and Lysinibacilli
isolates

A Thesis
Submitted in Partial Fulfillment of the Requirements for the

Master’s degree

In Pharmaceutical Sciences
(Microbiology and Immunology)

By

Sayed Emad EI-Din El-Sayed
Bachelor of Pharmaceutical sciences, 2014
Teaching assistant, Microbiology and Immunology Department
Faculty of Pharmacy, Ahram Canadian University

Under the supervision of

Prof. Dr. Khaled Mohamed Anwar Aboshanab
Acting dean and Vice dean of postgraduate studies and research,
Professor of Microbiology and Immunology
Faculty of pharmacy, Ain Shams University

Ass. Prof. Neveen Ahmed Abd-El Aziz
Associate professor of Microbiology and Immunology
Faculty of pharmacy, Ahram Canadian University

Dr. Ghadir Saied EI-Housseiny
Lecturer of Microbiology and Immunology
Faculty of pharmacy, Ain Shams University



el
41-\ Sr.omz Un r:rs-lu

Faculty of Pharmacy
Department of Microbiology and Immunology

Production and characterization of some antifungal
metabolites produced by Alcaligenes and Lysinibacilli
isolates

A Thesis

Submitted in Partial Fulfillment of the Requirements for the

Master’s degree

In Pharmaceutical Sciences
(Microbiology and Immunology)

By

Sayed Emad EI-Din El-Sayed
Bachelor of Pharmaceutical sciences, 2014
Teaching assistant, Microbiology and Immunology
Department
Faculty of Pharmacy, Ahram Canadian University

2020



ACKNOWLEDGEMENTS

Foremost, | would like to thank and express my sincere gratitude to my distinguished
supervisors for their continuous support on my master’s study and research. It was a
great privilege and honor to work and study under their guidance.

First, I would like to thank Prof. Dr. Khaled Mohamed Anwar Aboshanab, Acting
Dean, Vice Dean of Postgraduate Studies and Research and Professor of
Microbiology and Immunology, Faculty of Pharmacy, Ain Shams University for the
distinguished selection of the research point ,scientific supervision, his sincere
support, valuable advice and continuous guidance throughout the work.

| am deeply grateful to Ass. Prof. Neveen Ahmed Abd-El Aziz, Associate Professor

of Microbiology and Immunology Department, Faculty of Pharmacy, Ahram
Canadian University for scientific supervision, thorough revision of this thesis, her
patience, motivation, enthusiasm, efforts, and immense knowledge. Her follow up and
guidance helped me during the research, practical work and writing of this thesis.

| am greatly grateful to Dr. Ghadir Saied El-Housseiny, Lecturer of Microbiology &
Immunology, Faculty of Pharmacy, Ain Shams University for scientific supervision,
thorough revision of this thesis , her constant efforts, encouragement, knowledge and
follow up throughout the practical work and writing of this thesis. Her dynamism,
vision and motivation have deeply helped me all through my research.

Special thanks to Dr. Ahmed Essam Elissawy, Lecturer of Pharmacognosy, Drug
Discovery and Development Research Center at Faculty of Pharmacy, Ain Shams
University for his help in the interpretation of the spectroscopic analyses of the
antifungal metabolite.

Great thanks for Mina Michael, former assistant lecturer in Pharmacognosy
department, Faculty of Pharmacy, Ahram Canadian University for his help in the
extraction and chromatographic separation of the antifungal metabolite.

Great thanks to Usamma Ammar, Nada Mosallam and Karem Ahmed , former staff in
Pharmaceutical Chemistry Department, Faculty of Pharmacy, Ahram Canadian
University, for their help in the interpretation of the spectroscopic analyses of the
antifungal metabolite.

Last but not least, I would like to thank my family for their endless love, support and
care throughout my entire life.

Above all, praise be to God, Lord of the Worlds, who helped me, blessed me, honored
me, and led me to where | am.

Sayed Emad EI-Din



Table of contents

TABLE OF CONTENTS

TABLE OF CONTENTS ..., [
LIST OF ABBREVIATIONS........co, viii
LIST OF FIGURES ... Xi
LIST OF TABLES.........ooo e XV
ABSTRACT 1
INTRODUCTION ..o, 3
LITERATURE REVIEW.............ccccc, 5
1. Fungal infeCtioNS OVEIVIEW ........cccuvieiiiiie e 5
1.1 Classification 0f MYCOSES.......cuveeiiireeiiiiie e 5
111 Classification Based on Site 5
112 Classification Based on Route of Acquisition 5
1.1.3 Classification Based on Virulence 6
1.1.3.1  Primary (true) fungal pathOgens. ...........ccccuveiiiee e 6
1.1.3.2  Opportunistic PatNOgENS ............ccccviiiiiiiiiiiic s 7
1.1.3.21  Candidi@siS........cceveiiiiiiiiiiiciee e 7

1.1.3.2.2  ASPEIGIlIOSIS ...cvveiiiie e 10

1.1.3.2.3  ZYQOMYCOSIS ..cuvveeiirreeiiieeaitieesieeesiteeestteeastreesrteeessaeeataeeataeesneaeesnneeans 11

1.1.3.2.4  CryptOCOCCOSIS .....cvviiiiiiiiiiisiisie s 11

1.1.3.25 PhaeohyphomMYCOSIS .......ccoiiuiiiiiieeiiei sttt 11

1.1.3.2.6  HyalohyphOmMYCOSIS .......ccoiiiiiiiieeiiee ettt 11

1.2 Fungal growth and reproduction.............cccccoeveeiiiiiineeennnen, 12
1.3 Incidence and epidemiology ........cccvveeeiiiiiiiee i 15
2. Antifungal agentsS.........cccooiiiiiii i 18
2.1 GriseofulVIN ..o 18
2.2 FIUCYLOSING ... 18
2.3 Polyene antifungal agents.........cccoveevieieiie e 19
2.4 Antifungal zOIEsS.........c..ooiiiiiii s 20



Table of contents

2.5 NEW trazoleS.......ooeeiiiiiiiice e 21
2.6 Other sterol synthesis inhibitors: allylamines and
MOFPROTINES .. 21
2.7 EChinOCandins ...........ccouvvviiiiiiiiec e 22
2.8 Y0 (0 =1 [ 1R PEPRPRRI 23
3. Challenges facing currently available antifungal agents ............. 24
3.1 Safety profile........ccoovviii 24
3.2 RESISTANCE. ... vveiie e et 25
4. Strategies for development of new antifungal agents................... 27
4.1 Screening of large libraries of synthetic small molecules.....27
4.2 Inspection of bioactive natural products .............cccoceveennnen. 28
4.2.1 Soil as a source of organisms producing bioactive secondary metabolites 29
4,211 ACHNOMYCELES.....eciiviieiiie ettt e st e e ae e e aa e e anaee e 30
42111 ACHNOMAAUIA.....coiiiiiieiiieiie ettt 30
4.2.1.1.2  ACHNOPIANES.....cciiiiee ittt 30
4.2.1.1.3  ArthroDACIEN.......oiiiiiiiieie s 30
o N N S \Y/ [ Tod (o T g [0 1Yo Lo - USSP 31
4.2.1.1.5  SUEPLOMYCES ...vvvieieiciiiie e ettt e e e et e e st e e e s nra e e e s nnnees 31
4.2.1.2  NOCAITIA ...eeuvieiiiiiiieiie ittt sttt eenne e 31
4.2.1.3  AUFEODACTEITUM . ....tiiiiiiiiiieiie ettt nne e e 32
4.2.1.4  BrevibDaClEriUM . ...c.ooiiiiiieiie et 32
4.2.1.5  LaCtODACHIUS. ... .oovieiiieiiieiie e 32
4.2.1.6  LySINIDACHIUS ......eeoivieiiie e 32
4.2.1.7  PSEUAOMONGS ....eeeuvieiieiuiieieesieeasieesteesseeaseesseeaseeeseesseeanseesseesseeanseesseesneeas 34
4.2.1.8  ESCREIICNIA ....oviiiiieiiie et 34
4.2.1.9  AlCALIGENES.....cciiii ittt 34
4.2.2 Advantages of antifungals of microbial origins 35
4.2.3 2, 4-Di-tert-butylphenol and its analogs as naturally produced antifungal
secondary metabolites 35
4.2.4 Physiological functions of secondary metabolites for the producing
organisms 37



Table of contents

5. Significance of bacterial antifungal activity ...........ccccccceeviieeenee 38
51 Development of plant protection agents............ccccevvvveennee. 38
5.2 Fungal growth inhibition within the human body ................ 39

52.1 The Mouth 39
5.2.2 The Digestive Tract 39
5.2.3 The Lung 40

6. Methods for detection of fungal growth inhibition ...................... 40
6.1 CrOSS-Sreak ASSAY......ceeirirreeiiiiieeiiiieeeiniieeesireeesaeeesaeeeeens 40
6.2 AQar BIOCK ASSAY........ccuviiiiiiiiiiiie i 40
6.3 Dual Culture Plate ASSaYS .......cccvvvvveeiiiieeiiieeeciieeeseiee e 41
6.4 Dual Culture Broth ASSay........cccccvveeiiiieeiiiie e 41
6.5 Agar OVerlay ASSaY ........ccccveeeiiieeiiiiie e 41
6.6 WEII-PIate ASSAY .....cccvvveeiiiie ettt 42
6.7 PAPEr DISC ASSAY .....uvvieeiiiieeiiieeeiiie e e s sireeessiaee e sraee e saeeeenes 42
6.8 Agar Disc-Broth Method ............ccccooiiiiiii e, 42

7. Extraction, purification, and characterization of bioactive

secondary MetabolitesS.........cooiiie i 42
7.1 EXIFACTION ...ciiiieiiie e 42
7.2 PUMTICALION ... 43
7.3 Characterization and identification of bioactive secondary
MELADOIIEES. ..o 44

8. Efforts in product improvement of bioactive secondary

METADOITES. .. .eeeieieeee e 45
8.1 Factors affecting secondary metabolites production by
TErMENTALION. ... .oiiiiiiiiii e 45

8.1.1 Carbon and nitrogen sources 45
8.1.2 Environmental factors 46



Table of contents

8.2 Optimizing the fermentation Process ..........cccccvvveeeviiivveeeennns 47
MATERIALS AND METHODS.........cooiiiiee e 49
1. Bacterial iSOIAtes ........ccooivieiiiie e 49
2. Drugsand Chemicals.........cccccooiiveiiiiii i 49
3. Medi@..c 52

3.1 Readymade media .........ccccoviveiiiiie e 52

3.2 Minimal medium for antifungal metabolite production

(prepared MEAIUM).......coiiiee e 52

3.3 Glycerol stock medium..........cccceeviiiie i, 53
4. Reagents, buffers and solutions............cccccoovieee e, 53

4.1 Citrate BUFfer ........oooe 53

4.2 Acetate DUFTEr.......eoiiii e 53

4.3 Potassium phosphate buffer...........cccccooveiiiiii e, 53

4.4 Cell lysis buffer reagent..........cccceevvieeiiie e, 54

4.5 Primers used for 16S ribosomal RNA amplification by PCR

1 a0 ISYCTo [N T4 (o3 [ o PRSPPSO 54
5. Collection of soil SAMPIES.......cccvveeiiiieiiiie e 54
6. Recovery and maintenance of isolates ............ccccccvveeeiiiiiieeeeennnn, 54
7. Screening for antifungal actiVity ............cccoceeeeiiiiiie e, 55

7.1 Preliminary screening by agar cross streak and dual culture

methods 55

7.2 Secondary screening by agar well diffusion method ....... 55
8. ldentification of the selected isolates (S6 and F2) ........................ 56

8.1 Gram STAIN ....eeie e 56

8.2 Biochemical teStS........cooviiiiiiiiiiii e 56

8.3 DNA sequencing of 16S rRNA..........cooeiiiiieeeee e, 56



Table of contents

8.4 Sequence and phylogenetic analyses ...........cccccceeeviiiieneenn, 56
9. Bacterial culture for antifungal production in shake flasks........ 57
9.1 Determination of bacterial count ............ccccoeeviviiiineeenen. 57
9.2 Seed culture preparation and production conditions............. 58
9.3 Time course of antifungal production in basal medium ....... 59

10. Testing for the intracellular and extracellular activities of the

antifungal metabolite .............ccove i 59
10.1 Testing for the extracellular activity .............ccccevviiveiiiinnnnns 59
10.2 Testing for the intracellular activity ...........cccccoeveviii i, 59

11. Purification of the antifungal metabolites .............cccceviveeiinnnns 60
11.1 Extraction of the antifungal metabolite..............cccccoeveeen. 60
11.2 Thin layer chromatography (TLC) analysis ............cccccvv..... 60
11.3 Purification of the bioactive metabolite(s) through activity
guided fractioNAtION .........ccuveeiiiiee i 61

11.4 Correlation between the metabolite(s) concentration and

inhibition zone diameter using agar well diffusion..............c.cccccove. 61

12. Characterization of the antifungal metabolite(s) ...........cccccceee... 62
12.1 Effect of heat, pH, detergents and enzymes on stability and

activity of the antifungal compound..............ccooii i, 62
12.2 Investigation for fungicidal and / or fungistatic mode of
action 62
12.3 Chemical characterization and spectral analysis of the

purified antifungal compound(s) .......cceveeiiiiiiiie e 63

12.4 Evaluation of the antifungal activity of the metabolite(s).....63

13. Studying the factors affecting antifungal production by
Lysinibacillus isolate S6 and Alcaligenes isolate F2............cc.ccocvee... 64



Table of contents

13.1 Effect of different media components...........cccccveeviiveennnnen. 64
13.2 Optimization of antifungal metabolite(s) production using
RSM 64
13.3 Confirmation of the RSM optimization results and estimation
of the antifungal concentration............ccccvveiiiee e, 65
14, Statistical analySiS.........ccooveiiieeiiie e 65
RESULTS .ottt e e e e e 68
1. Recovery of the bacterial isolates and screening for the
production of antifungal metabolite(s) .......cccocvveeviiie i 68
2. ldentification of the isolates S6 and F2.............ccccovvveiiiinecenen. 71
3. Time course of antifungal production in basal medium .............. 74
4. Testing for the intracellular and extracellular activity................ 75
5. Extraction of the antifungal metabolite from the seed culture....75
6. Purification of the bioactive metabolite(s) by silica gel column
Chromatography ........ccvviiii i 76
7. Correlation between the metabolite(s) concentration and
inhibition zone diameters using agar well diffusion........................... 79
8. Characterization of the antifungal metabolite (S) ............ccceeeenee. 80
8.1 Thermal, enzymes, detergents and pH stability of the
antifungal metabolite(s) ......vvveeiiiiiiii i 80
8.2 Investigation for fungicidal and / or fungistatic mode of
action 82
8.3 Chemical characteristics and spectral analyses of the purified
antifungal CompPOoUNDS..........coooiiiiiiii e 82

9. Evaluation of the antifungal activity of the Lysinibacillus isolate
MK?212927 metabolite compared to the commercially available
antifungal ageNtS..........ooiiiiiii 88

Vi



Table of contents

10. Factors affecting antifungal metabolite production by
Lysinibacillus sp.MK212927 (S6) and Alcaligenes faecalis MT332429

10.2 Response surface methodology (RSM) for the optimization of

environmental and nutritional conditions affecting the antifungal

metabolite Production ...........cccceeviiiee i 93

10.3 Confirmatory experiment using optimal conditions and

estimation of metabolite concentration.............cccocccveeviee e 101
DISCUSSION ......ouiiiiiie ittt 104
SUMMARY ..ttt e e st e e rae e ae e, 114
REFERENCES ...ttt 116

Vi



