Faculty of Education
Department of Biological
and Geological Sciences

Studies on the Effects of Some Heavy Metals Accumulation
on Scenedesmus quadricauda (Turp.) de Brébisson and
Chlorella vulgaris Beyerinck.

A THESIS SUBMITTED FOR THE AWARD OF THE M.SC. DEGREE OF
TEACHER PREPATATION
(BOTANY)

BY

Rehab Mostafa Mohamed Mostafa

(Ed.-B.Sc.)

General Diploma in Science Teacher Preparation -BOTANY (2010)
Special Diploma in Science Teacher Preparation BOTANY (2011)

Supervised by

Prof. Dr. Rawheya Abd El-Latif Salah EI-Din
Professor of Phycology
Department of Botany and Microbiology
Faculty of Science-Al-Azhar University (GIRLS BRANCH)

Dr. Samia Ageeb Akladious
Associate Professor of Plant Physiology
Department of Biological and Geological Sciences
Faculty of Education-Ain Shams University

Dr. Rabea Abd El-Tawab Thabet Shehab
Lecturer of Phycology
Department of Biological and Geological Sciences
Faculty of Education-Ain Shams University

2016







APPROVAL SHEET

Name: Rehab Mostafa Mohamed Mostafa

Title: Studies on The Effects of Some Heavy Metals
Accumulation on Scenedesmus quadricauda (Turp.) de

Brébisson and Chlorella vulgaris Beyerinck.

Supervisors Approved

Prof. Dr. Rawheya Abd El-Latif Salah EI-Din
Professor of Phycology

Department of Botany and Microbiology
Faculty of Science, Al-Azhar University (GIRLS
BRANCH)

Dr. Samia Ageeb Akladious

Associate Professor of Plant Physiology
Department of Biological and Geological Sciences
Faculty of Education, Ain Shams University

Dr. Rabea Abd El-Tawab Thabet Shehab
Lecturer of Phycology

Department of Biological and Geological Sciences
Faculty of Education, Ain Shams University

Head of Biological and Geological Science Department

Prof. Dr. Mohammed Abd EL-aziz Fouad






Acknowledgment

ACKNOWLEDGMENT

First of all, I wishv to- offer my deep
thanks to- ALLAH for the support inv every
step which enabled me to- overcome all the
problems that faced me thwoughout the

cuwrvent work.

I would like to- express wy special
appreciation and thanks to- Prof. Dr.
Rawheya Abd Eblatif Salahv ELDiwv
Professor of phycology, Botowy and
Microbiology Department, Faculty of
Science;  AbAzhar  Unversity  (Giurly
Barnch); for suggesting the point and
supervising the whole wovk. Sincere thanks
owe also-for her continumous guidance and
critical reviewing of this manuscript. Her
advice onw bothv researcihv asy well as ovw my
career have beew priceless. I o grateful
to- her for her excellent direction i the
completiow of this work.

It pleases me to- offer special thanks to-
Dr. Samia Ageed Akladiows Assisstent
Professor of Physiology, Biologicall and

21 -




Acknowledgment

Geological Sciences Depavtment, Faculty of
tducation, Aivv Shams University, for her
continuous encouragement and advice
dwring the stages of thisy work. Sincere
thanks owe also- due to- her for their
guidance and  constructive  critical

reading of this maruscript.

I express my ulmost indebiness to- Dr.
Rabea Abd EbTawabd Thabet Shehad;
lecturer of Phycology, Biological and
Geological Sciences Department, Faculty of
Educationy Ao Shams Universily, for his
conionuous encouragement and
constructive guidance woughout the
practical work and criticism in reading
the manuscript.

So- my greal thanks (o Prof Dr.
Mohammed Abd El-agiy Fouad; Head of
Biological and  Geological  Sciences
Department, Facully of Educaliony Ao
Shams Uneversily, for A conlinuous
encowragement and providing facililies
Aduring the practical work:

I feel thankful to- Prof. Dr. Naglaow
Zaki EL-alfy, Previous Head of Biological

_D.




Acknowledgment
and, Geologicall Sciences Department,
Faculty of Education, Aiw Shamy
University, for hev contiruous
encowragement and providing facilities
dwring the practical work.

Many thanks to-my colleagues and all
staff wmembery of Biological and
Geological Sciences Department for their

Special thanks to- my family. Words
carnot express how grateful I aw to- my
mother , my father and my brother for
all of the sacrifices that yow've made ovw
my behadf: I am greatly indebted to-
thank my siblings, my beloved daugihter
yuwow and wmy huwsband for their
contiruous encouragement.







Contents

CONTENTS
Page

List of Tables.......cccoviii e, |
LiSt Of FIQUIES....cevee e, IX
INErOAUCTION......coiiie s 1
AIm of The WorK........cocoivii 4
Review of Literature.........cccooveiiiee e 5
-Heavy metals............ooooiiiii 19
O COPPeT ., 19

O ZANC...iieie it 21

O Manganese...........ovvvvieiiiiiiiniieeannnn, 22
O Tron......coooiiiiii 24

o Lead.......coooiiiiiii 25

o Aluminum....................ciiii, 27

o Bartum................. 28

-Algae and heavy metals adaptation to different

ST BSOS, . ettt ettt 28

-Plants and Heavy Metals..................ooiiian . 36
o Reactive Oxygen Species ................. 41




Contents

o Antioxidant Enzymes...........................32

Materials and Methods...........ccccceviieeviie i, 46
- Field Study......coooee 46
- Collection and Preparation of Samples............. 46

- Physical Parameters .............ccoccooiiiiiiiiiiannn, 46

o Electrical Conductivity.................. 46

- Chemical Parameters.............ccoevviiiiiinnnnnnn, 46

o Hydrogen Ion Concentration........... 46

o Alkalinity...............oooiiiin 47

o Determination of Cations and Anions.47

-Heavy Metals ... 47

- Laboratory study ..ot 48
- Biological Parameters..........cccocevveeviieeiiec i, 48
-Microalgae ... 48

- Determination of Growth Curve................. 49
-Determination of Dry Weight................... .50
-Determination of Chlorophyll a Content........ 50
-Heavy Metals.............oooiiiiiii i, 51

- Determined Heavy Metal Uptake ...............52

- Determination of Amino Acids and Proline




Contents

- Electrophoresis Banding Pattern Analysis of Protein
(SDS-PAGE).....c.ciiiii 54

o Preparation of Two Studied Algal species for
Protein Gel Electrophoresis Method .....54

o Extraction Buffer.............ccoooviiil. 55
o Running Buffer..................... e 55
o Treatment Buffer................ccoviii... 55

o Protein Extraction and Application......... 55

o Resolving Gel Preparation.................... 56
o Stacking Gel Preparation...................... 58
o Gel Running and Staining..................... 59
o GelAnalysis............coooiiiiii 60
o Recording the Results.......................... 61

- Sample preparation for Electron Microscope ...61

-Time Course EXperiments..........c....ooeeviiiiniann.... 64
- Germination of seeds..............oooiiiiin 64

- Total Soluble Protein ................ocooeiiininni 65
OEXtraction..........ccocoeviiiiiiiiii, 65
oEstimation.................cooii 66

- Antioxidant Enzymes Activites..................... 67

O EXtraction.........ccovvvveeieeiiiiiiian... 67




Contents

o Assay of Catalase activity......... e 68
oAssay of guaiacol peroxidase enzyme.....68
oAssay of peroxidase activity............... 68

oAssay of superoxide dismutase activity...69

oAssay of polyphenol oxidase activity.....69

-Statistical Analysis............coooviiiiiiii, 70
RESUILS.....oveieee e 72
-Field Study....oo 72
- Laboratory Studies. ..o, 74

o Growth  Characteristic and  Pigment

= Growth Curve of the Two Algal

SPECIES. ..., 74

= Dry Weight.................oool. 74

= Chlorophyll a Content................ 77

o Heavy Metal Uptake.......................... 80

Effect of Heavy Metals on
-Dry Weight and Chlorophyll a Content .................. 90
-Free AMINO ACIAS.....ccoiiiiiiii e, 98

-Proline Content.......oooveeeeeeeee e 100




Contents

- Protein Analysis( SDS-PAGE Electrophoresis)........103

- The Ultrastructure of Chlorella vulgaris and
Scenedesmus quadricauda under the Effect of Different

Concentrations of Heavy Metals.......................... 109

Effect of different concentrations of sewage and
sewage pre-treated with Chlorella vulgaris and
Scenedesmes quadricauda separately on seed

germination of Vicia faba

- Growth Parameters..............coeeviiiiiiinn i, 123
o Radicle Length....................coooeennn. 123
o Plumule Lenght.............................. 125
o Number of Lateral Roots................... 127
o Fresh Weight of Seedlings................ 127
o Dry Weight of Seedlings .................. 128
o Radicle Length.............................. 135
o Plumule Lenght.............................. 135
o Number of Lateral Roots.................. 136
o Fresh Weight of Seedlings............... 136
o Dry Weight of Seedlings ................. 137

-Total Protein Content.........oovvueeeeeeieeeeeeiiinnn. .. 146




Contents

-Enzyme Activities. ...t 151
o Catalase............cooiiiiiiiinnnn. 152
o Guaiacol peroxidase................. 152
o Peroxidase.................ooiiinn. 157
o Superoxide dismutase............... 157
o Polyphenol oxidase................. 162
DISCUSSION......eiiiiiiiiiitiesiee e 171
Summary and Conclusion ...........c.ccoevveieieene, 197
REFEIENCES. ..o 206

Arabic SUMMery..........oooiiiii e,




List of Abpbreviations

List of Abbreviafions

Abbreviations

Meaning

%

Percent

Al

Aluminum

APS

Ammonium per sulphate

ATP

Adenosine triphosphate

ATPase

Adenosine triphosphatase

ANOVA

Analysis of variance

Barium

Celsius degree

Catalase

Cadmium

Centimeter

Carbon dioxide

Concentration

Carboxyl anion

Cultivar

Copper

Degree of freedom

Decisiemens per meter

Deoxyribonucleic acid

Electrical conductivity

Ethylenediaminetetraacetic acid

lron

F test




