
 v

ลักษณะสมบตัิระดับโมเลกุลของไซยาโนแบคทีเรีย Synechococcus sp. และสาหรายขนาดเล็ก 
               Chlorella spp. และ Scenedesmus spp. ที่แยกไดในประเทศไทย 

 
 
 
 
 
 
 
 
 

นางสาวนนทชิา  แจมกังวาล 
 
 
 
 
 
 
 
 
 
 
 

วิทยานิพนธนี้เปนสวนหนึ่งของการศึกษาตามหลกัสูตรปริญญาวิทยาศาสตรมหาบัณฑิต 
สาขาวิชาจุลชวีวทิยาทางอุตสาหกรรม  ภาควิชาจุลชีววทิยา 

คณะวิทยาศาสตร  จุฬาลงกรณมหาวทิยาลัย 
ปการศึกษา 2547 

ISBN 974-53-2117-6 
ลิขสิทธของจฬุาลงกรณมหาวิทยาลยั 

User
Text Box



 v

MOLECULAR  CHARACTERIZATION OF  CYANOBACTERIA Synechococcus sp. 
AND MICRO-ALGAE Chlorella spp. AND Scenedesmus spp. ISOLATED IN THAILAND 

 
 
 
 
 
 
 
 
 

Miss Nonticha Jamkangwan 
 
 
 
 
 
 
 
 
 
 

A Thesis Submitted in Partial Fulfillment of the Requirements 
for the Degree of Master of Science in Industrial Microbiology 

Department of Microbiology 
Faculty of Science 

Chulalongkorn University 
Academic Year 2004 
ISBN 974-53-2117-6 

User
Text Box



 v

 
Thesis Title                   MOLECULAR  CHARACTERIZATION OF  CYANOBACTERIA 
                                Synechococcus sp. AND MICRO-ALGAE Chlorella spp. AND 
                              Scenedesmus spp. ISOLATED IN THAILAND  
By Miss Nonticha  Jamkangwan 
Department Microbiology 
Thesis Advisor Associate Professor Kanjana Chansa-ngavej, Ph.D. 
 
                                                                                                                                                            
 
                  Accepted by the Faculty of Science, Chulalongkorn University in Partial 
Fulfillments for the Master’s Degree       
 
              ………………………………………………Dean of  Faculty of Science     
              (Professor Piamsak Menasveta, Ph.D.) 
 
THESIS COMMITTEE          
 
              ……………………………………………… Chairperson 
              (Associate Professor Dr. Pairoh  Pinphanichakarn   )  
                                                                           
              ………………………………………………..Thesis Advisor 

(Associate Professor Kanjana Chansa-ngavej, Ph.D.) 
 

…………………………………………………Member 
(Associate Professor  Yuwadee  Peerapornpisal, Ph. D.) 

 
 ………………………………………………  Member 
(Associate Professor  Wipa   Chungjatupornchai, Ph. D.) 

User
Text Box



 v

นนทิชา  แจมกังวาล : ลักษณะสมบัติระดับโมเลกุลของไซยาโนแบคทีเรีย Synechococcus sp. และ
สาหรายขนาดเล็ก Chlorella spp. และ Scenedesmus spp. ที่แยกไดในประเทศไทย 

             (MOLECULAR  CHARACTERIZATION OF  CYANOBACTERIA Synechococcus sp. 
AND MICRO-ALGAE Chlorella spp. AND Scenedesmus spp. ISOLATED IN THAILAND) 

             อาจารยที่ปรึกษา : รศ. ดร. กาญจนา ชาญสงาเวช,130 หนา  ISBN 974-53-2117-6 
 

ไซยาโนแบคทีเรยีและสาหรายขนาดเลก็เปนจุลนิทรียที่มศีักยภาพเชิงพาณิชย แตยังไมมกีารนํามาใชอยาง
แพรหลายในการผลิตผลติภัณฑที่มีประโยชน เปนที่ทราบกันดวีาเมื่อเก็บรักษาและนําจุลินทรียมาใชในอตุสาหกรรม
ตางๆอยางตอเนื่องจะเกิดการเปลี่ยนแปลงสารพนัธุกรรม วัตถปุระสงคของการทดลองนี้เพื่อหาลักษณะสมบตัิระดับ
โมเลกลุของ Synechococcus sp., Chlorella spp., และ  Scenedesmus spp. ที่แยกในประเทศไทย โดยหาลาย
พมิพดีเอ็นเอดวยวิธี RAPD-PCR , ลําดับนิวคลีโอไทดของ 16S rDNA, และ โพรไฟลของโปรตีนภายในเซลลระยะ 
mid-log, ระยะ early stationary และระยะ late stationary ไดแยกและฝากเชื้อบริสุทธิ์ 1 สายพันธุของ 
Synechococcus sp.,  6 สายพันธุของ Chlorella spp., และ 9 สายพันธุของ Scenedesmus spp. ที่ Bangkok 
MIRCEN ภายใตรหัส TISTR 8867; TISTR 8852 ถึง TISTR8857 และ TISTR8858 ถึง TISTR 8866 โพรไฟลของ
โปรตีนภายในเซลล ไดจากการแยกแถบโปรตีนโดยวิธี SDS-PAGE ผลการทดลองบงชี้ไดวา ไพรเมอรที่ใชในการหา
ลําดับนิวคลโีอไทดของ 16S rDNA ของแบคทีเรียแกรมลบ E.coli ไดแก ไพรเมอร 27f, 343r, 519r, 787r, 907r, 
1100r, 1241f, 1385r และ 1492r  สามารถนาํมาใชในการหาลายพมิพดีเอ็นเอโดยวิธี RAPD-PCR (ไพรเมอร 27f, 
343r, 1100r, 1492r และ CRL-7) และสามารถใชไพรเมอรทั้ง 9 ชนิดในการหาลําดับนิวคลโีอไทดของ 16S rDNA 
ของไซยาโนแบคทีเรีย Synechococcus sp. TISTR 8867 คลอโรพลาสตของสาหรายสีเขียวขนาดเลก็ Chlorella sp. 
TISTR 8852 และ Scenedesmus sp. TISTR 8859 ผลการแยกโปรตีนโดยวิธี SDS-PAGE ช้ีใหเห็นวาเซลลที่การ
เจริญระยะตางๆของ Synechococcus sp. TISTR 8867, Chlorella sp. TISTR 8852, และ  Scenedesmus sp. 
TISTR 8859 มโีปรตีนโพรไฟดคลายกัน พบพอลิเปปไทด 46, 16.5, 15 และ 14 กิโลดาลตนั มากใน Chlorella sp. 
TISTR 8852 และพบพอลิเปปไทด 23 กิโลดาลตันมากใน Synechococcus sp. TISTR 8867 และ Scenedesmus 
sp. TISTR 8859 พอลิเปปไทด 43 กิโลดาลตัน อาจเฉพาะเจาะจงตอไซยาโนแบคทีเรียซ่ึงเปนโพรคาริโอต ขอมูล
ลักษณะสมบตัิระดับโมเลกลุที่พบในงานวิจัยนี้ ไมเพียงแตเปนประโยชนตอการประยุกตในอตุสาหกรรม แตยงัมีสวน
เสริมความกาวหนางานวิจัยดานพันธุศาสตรระดับโมเลกุลของไซยาโนแบคทีเรียและสาหรายขนาดเลก็ในประเทศไทย 
 
ภาควิชา      จุลชีววิทยา                              ลายมือชื่อนิสิต......................................................................... 
สาขาวิชา    จุลชีววิทยาทางอุตสาหกรรม      ลายมือชื่ออาจารยที่ปรึกษา...................................................... 
ปการศึกษา  2547 
 
 
 

User
Text Box

User
Text Box
iv



 v

##4672288023 : MAJOR INDUSTRIAL MICROBIOLOGY 
KEY WORDS : DNA FINGERPRINTS, INTRACELLULAR PROTEIN PROFILES, Synechococcus spp.,  
                    Chlorella  spp., Scenedesmus spp.  

NONTICHA  JAMKANGWAN: MOLECULAR  CHARACTERIZATION OF  CYANOBACTERIA  
               Synechococcus sp. AND MICRO-ALGAE Chlorella spp. AND Scenedesmus spp.  ISOLATED IN  
            THAILAND  
               THESIS ADVISOR : ASSOCIATE PROFESSOR KANJANA CHANSA-NGAVEJ, Ph.D. 130 pp.  
               ISBN 974-53-2117-6 

Cyanobacteria and micro-algae are micro-organisms whose potential is largely untapped. It is 
well-known that upon storage and continuous utilization of micro-organisms in industries, changes in 
genetic materials occur. The aims of the experiments are to characterize local isolates of Synechococcus 
sp., Chlorella spp., and Scenedesmus spp. by RAPD-PCR fingerprinting and 16S rDNA sequencing and 
obtain intracellular protein profiles of mid-log phase, early stationary phase, and late stationary phase 
cells. Pure cultures of one strain of Synechococcus sp., six strains of Chlorella spp., and nine strains of 
Scenedesmus spp. were obtained and deposited at Microbiological Resources Center (Bangkok 
MIRCEN) under the following codes : TISTR 8867;TISTR 8852 to TISTR 8857;and TISTR 8858 to TISTR 
8866. Intracellular protein profiles were obtained by SDS-PAGE. Results revealed the following primers  
(27f, 343r, 519r, 787r, 907r, 1100r, 1241f, 1385r, and 1492r) which were normally used to obtain Gram 
negative E. coli 16S rDNA sequence could be used to obtain RAPD-PCR fingerprints of all isolated 
cultures (primers 27f, 343r, 1100r, 1492r and CRL-7). 16S rDNA sequences of Synechococcus sp. TISTR 
8867, and chloroplast 16S rDNA of Chlorella sp. TISTR 8852 and Scenedesmus sp.TISTR 8859 were also 
obtained with the use of all the nine primers. SDS-PAGE separation of proteins indicated cells of 
Synechococcus sp. TISTR 8867, Chlorella sp. TISTR 8852, and Scenedesmus sp. TISTR 8859 at different 
stages of growth exhibited similar intracellular protein profiles. Polypeptides 46, 16.5, 15 and 14 kDa were 
found in abundance in Chlorella sp. TISTR 8852 while more polypeptide 23 kDa was found in 
Synechococcus sp. TISTR 8867 and Scenedesmus sp. TISTR 8859. Polypeptide 43 kDa may be specific 
for prokaryotic cyanobacteria. Molecular data obtained in this research are not only useful for industrial 
applications but also contribute to the advancement of molecular genetics research on cyanobacteria and 
micro-algae in Thailand. 

Department        Microbiology                            Student’s signature……………………………………... 
Field of study      Industrial Microbiology           Advisor’s signature………………………….................. 
Academic year   2004 



 iii

Acknowledgements 
 

I wish to express sincere thanks and gratitude to my thesis advisor, Associate 
Professor Dr Kanjana Chansa-ngavej, for her tireless efforts as well as valuable advice 
and comments throughout the course of this study. 

 
I would also like to thank Associate Professor Dr. Pairoh Pinphanichkarn for 

serving as the thesis committee chairperson and Associate Professor Dr Yuwadee  
Peerapornpisal, Associate Professor Dr Wipa   Chungjatupornchai for serving as thesis 
committee members and their recommendations for the research. 

 
Special thanks are given to student members in laboratory 404, all friends, and all 

staff members in the Department of Microbiology, especially, Mr.Weerasak 
Jungfungprinya, for their help and friendship during my study. 

 
The last, but most important, is my sincere and deepest gratitude to my parents 

and everyone in my family for their great love, constant support, understanding and 
heartfelt encouragement extended throughout my study.    

 
   
 
 
 
 
  
 

User
Text Box

User
Text Box
vi



 

Contents 
Page 

Abstract ( in Thai)………………………………………………………………………………..iv 
Abstract ( in English)…………………………………………………………………………….v 
Acknowledgements…………………………………………………………………………......vi 
Content of Figures……………………………………………………………………………….ix 
Content of Tables………………………………………………………………………………..xi 
Chapters 

I  Introduction…………………………………………………………………………...1 
II Literature Survey……………………………………………………………………..3 
          Molecular characterization of cyanobacteria and micro-algae……………4 

                      Molecular characterization of Synechococcus spp…………………………5 
                      Molecular chracterization of Chlorella spp. and Scenedesmus spp……...8 
                      Research on molecular characterization of cyanobacteria and  
                      micro-algae in Thailand………………………………………………………...9 

 
III Materials & Methods……………………………………………………………….10 

               Sample collection and isolation of cultures………………………………...10 
                      RAPD-PCR fingerprinting……………………………………………………..10 

         16S rDNA sequencing…………………………………………………………12 
          Determination of changes in protein profiles…………..............................13 
IV Results……………………………………………………………………………….15 
V Discussion……………………………………………………………………………48 
VI Conclusion……………………………………………………………………...…...50 

References………………………………………………………………………………………59 
Appendices……………………………………………………………………………………..64 
Appendix A: Cyanobacteria and Micro-algae Growth Media……… …………………….64 
Appendix B: Chemicals and Solutions…………………………………………………........66 
Appendix C: 16S rDNA Sequences…………………………………………………………..69 
 • First determination for Synechococcus sp. NJ7………………………………...70 
                                                    Chlorella sp. NJ26……………………….......................79 



 

                 Scenedessmussp. NJ8 ………………………...............88  
            • Second determination for Synechococcus sp. NJ7…………………………….97 
                                                        Chlorella sp. NJ26 ………………………………….106 
                                 Scenedessmus sp. NJ8…………………………….115 
            • Comparisons between sequences obtained from the first and the second 
                determinations.……………………………………………………………………124 
Biography……………………………………………………………………………………...130 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

User
Text Box
vii



 

Content of Figures 
          Page 

Figure 2.1 Diagram of a general rrn operon………………………………………………….5 
Figure 2.2 Predicted secondary structure of the ITS region of the rRNA operon………...6 
Figure 2.3 Predicted secondary structures of the 16S-23S rRNA ITS……………………..7 
Figure 2.4 A dendrogram constructed from 434 nucleotide positions…………………….8  
Figure 4.1 Representative morphology of Synechococcus sp…………………………….16  
Figure 4.2 RAPD-PCR fingerprints of  isolates NP4, NJ7, NJ21, NJ22, and NJ28………17 
Figure 4.3 Representative  morphology of isolates NJ1, NJ3, NJ5, NJ26, NJ27, NJ29, 
                  NJ31, NJ41, and NJ43…………………………………… ………………………18 
Figure 4.4 RAPD-PCR fingerprints of the isolates NJ1, NJ3, NJ5, NJ26, NJ27, NJ29, 
                  NJ31, NJ41, NJ43, and N-686…………………………………………..……….19 
Figure 4.5 Representative morphology of isolates NJ9, NP10, NJ19, NJ35, and   
                  NJ37…………………………………………………………………………………20 
Figure 4.6 RAPD-PCR fingerprints of NJ9, NP10, NJ19, NJ35, and NJ37 ……………....21 
Figure 4.7 Morphology of isolates NJ24 and NJ30..………………………………………..22 
Figure 4.8 RAPD-PCR fingerprints of NJ24 and NJ30……….……………………………..22 
Figure 4.9 Cell morphology of isolates NJ34, NJ46, NJ49, and NJ50……………………23 
Figure 4.10 RAPD-PCR fingerprints  of isolates NJ34, NJ46, NJ49, and NJ50…..……..24 
Figure 4.11 Representative morphology of Scenedesmus sp.  NP2, NP6, NJ14, NJ18  
                   and NJ39…………………………………………………………………………..25 
Figure 4.12  RAPD-PCR fingerprints of Scenedesmus spp.  NP2, NP6, NJ14, NJ18  
                    and NJ39………………………………………………………………………….26 
Figure 4.13  Morphology of Scenedesmus quadricauda isolates NJ23, NJ40, and  
                    NJ45……………………………………………………………………………….27 
Figure 4.14  RAPD-PCR fingerprints of Scenedesmus quadricauda isolates NJ23,  
                    NJ40, and  NJ45…………………………………………………………………28 
Figure 4.15  Morphology of isolates NJ8, NJ12, NJ20, NJ25, NJ42, NJ47, and  
                    NJ48………………………………………………………………………………29 
Figure 4.16  RAPD-PCR fingerprints of isolates NJ8, NJ12, NJ20, NJ25, NJ42, NJ47,  
                    and NJ48…………………..…………………………………………………….30 

User
Text Box
ix



 

Figure 4.17 Cell morphology of the reference strain, Synechococcus sp. NIES-946…..31 
Figure 4.18 Cell morphology of the reference strain, Chlorella vulgaris var vulgaris  
                    NIES-686…………………………………………………………………………..32 
Figure 4.19 Cell morphology of the reference strain, Scenedesmus dimorphus   
                   NIES-93…………………………………………………………………………….32 
Figure 4.20 Summary of RAPD-PCR fingerprints of 16 strains when 27f was used as  
                   the primer………………….............................................................................33   
Figure 4.21 Summary of RAPD-PCR fingerprints of 16 strains when 343r was used  
                   as the primer ……………………………………………………………………...34   
Figure 4.22 Summary of RAPD-PCR fingerprints of 16 strains when 1100r  was used  
                   as the primer ……………………………………………………………………...34 
Figure 4.23 Summary of RAPD-PCR fingerprints of 16 strains when 1492r was used  
                   as  the primer ………………………………………………………………………………35 
Figure 4.24  Amplified 16S rDNA products………………………………………………….35 
Figure 4.25 16S rDNA sequence of Synechococcus sp. NJ7 (TISTR 8867) …………...37 
Figure 4.26 Homology comparison between 16S rDNA of Synechococcus sp. NJ7   
                     (TISTR 8867)  and data in GenBank………................................................39  
Figure 4.27 16S rDNA sequence of Chlorella sp. NJ26 (TISTR 8852) …………………..40 
Figure 4.28 Homology comparison between 16S rDNA of Chlorella sp. NJ26  
                    (TISTR 8852) and data in GenBank …………………………………………..42 
Figure 4.29 16S rDNA sequence of Scenedesmus  sp. NJ8 (TISTR 8859)……………..43 
 Figure 4.30 Homology comparison between 16S rDNA of Scenedesmus  sp NJ8  
                    (TISTR 8859) and data in GenBank ……. ……………………………………45  
Figure 4.31 Growth curves of Synechococcus sp.NJ7 (TISTR 8867), Chlorella sp.  
                    NJ26 (TISTR 8852), and Scenedesmus sp. NJ8 (TISTR 8859)……………46 
Figure 4.32 SDS-PAGE of intracellular protein profiles…………………………………....47 
 
 
 
 
 

User
Text Box
x



 

Content of Tables 
 

                                                                                                                                      Page 
Table 4.1  Locations of freshwater bodies where samples were collected for the    
                 identification of cyanobacteria and micro-algae………………………………15 
Table 4.2  Summary of homology comparisons of 16S rDNA sequences………………36 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

User
Text Box
xi



 1

CHAPTER I 
 

INTRODUCTION 
 

At present cyanobacteria and micro-algae have not been widely used on a 
commercial scale. One reason may be because it is relatively difficult to isolate pure 
cultures of cyanobacteria and micro-algae for use in industries. Commercially available 
products from cyanobacteria and micro-algae are usually those that are cultivated as 
mixed cultures of cyanobacteria or micro-algae and other microbial identities. Examples 
are the production of single-celled Spirulina in open ponds for supplementary food and 
feed and the production of β carotene by  Dunaliella bardawil along the coast of South 
Australia (Borowitzka, 1986; Becker, 1994).  

 Identification of cyanobacteria and micro-algae is usually carried out by 
observing their morphology under the microscope. However, in some cases 
cyanobacteria and micro-algae isolated from different water bodies have similar 
morphology with differences only in size. These micro-organisms may or may not be the 
same species. The observations have given rise to the concept of “cryptic species” 
which refers to various genotypic strains within the same phenotypic “species” 
(Cassamatta et al., 2003). It has been suggested that both morphology and molecular 
characterization should be taken into account when identifying cyanobacteria and 
micro-algae and that there might be “local strains” rather than “global strains”.  

Several molecular techniques have been used to characterize cyanobacteria 
and micro-algae. However, no attempt has so far been made to employ sequencing 
primers which are used in the sequencing of 16S rDNA of bacteria to characterize 16S 
rDNA of cyanobacteria and chloroplats of micro-algae.  

The aims of the experiments are to obtain pure cultures of cyanobacteria and 
micro-algae and to use bacterial 16S rDNA sequencing primers to characterize local 
isolates of Synechococcus sp., Chlorella spp. and Scenedesmus spp. by RAPD-PCR 
fingerprinting and 16S rDNA sequencing in order provide more evidence of the 
presence of cryptic species in Chlorella spp., and Scenedesmus spp., In addition, 
intracellular protein profiles of mid-log phase, early stationary phase, and late stationary 

User
Text Box



 2

phase cells will also be obtained. RAPD-PCR fingerprints may be used in the monitoring 
of changes in genetic materials of these microorganisms which result in changes in 
industrial performance. 
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CHAPTER II 
 

LITERATURE SURVEY 
 

Cyanobacteria and micro-algae are commonly found in soils and water bodies as 
well as snow-covered areas and hot springs. Identification of these micro-organisms is 
usually carried out by observing their morphology under the microscope and using 
picture keys contributed by Desikachary, T. V. (1959), or Prescott (1970) or John et 
al.(2003) or referring to published articles including Stanier et al. (1971), or Rippka et al. 
(1979). However, sometimes cyanobacteria and micro-algae that are isolated from 
different water bodies have similar morphology with differences only in size. These micro-
organisms may or may not be the same species. The observations have given rise to the 
concept of “cryptic species” which refers to various genotypic strains in the same 
phenotypic “species”. In 2003, Cassamatta et al isolated 12 morphotypes which fitted the 
description of Phormidium retzii from various freshwater bodies in Canada, The US, 
Mexico, and Costa Rica, for use as a model in the study of cryptic species. Seven 
primers purchased from Operon Technologies, Inc., USA, were used to obtain RAPD-
PCR (Random Amplified Polymorphic DNA-PCR) fingerprints of the morphotypes. 
Numerical allocation of 1 was used to represent the presence of a PCR product (a DNA 
fragment) in fingerprint of one morphotypes. Number 0 was allocated for the absence of 
the DNA fragment in the fingerprints of other morphotypes. Analysis of similarity matrix 
with the program Ny.Syt V.2 showed that P. retzii which were isolated from different 
geographic areas belonged to the same cluster and the strains that were isolated from 
nearby locations belonged to different clusters. Genetic similarity was not found to 
depend on the distance of freshwater bodies. In addition 16S rDNA sequences of eight 
of the P. retzii strains revealed that three of the strains might belong to the same species 
based on the similarity index among pair-wise comparisons of 16S rDNA data of more 
than 0.975. The authors concluded that there might be more than one species among the 
12 strains of P. retzii. It was suggested that both morphology and genetic 
characterization should be taken into account when cyanobacteria were identified and 
that there might be “local strains” rather than “global strains”. 
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Molecular characterization of cyanobacteria and micro-algae 
Several molecular techniques have been used to characterize cyanobacteria and 

micro-algae. Techniques such as PCR have mostly been used to characterize toxic 
cyanobacteria Microcystis aeruginosa which produce hepato-toxins, microcystins 
(Neilan, 1995). Baker et al. (2002) reported that the use of the phycocyanin intergenic 
spacer (PC-IGS) between cpc B and cpc A which encode the β and α subunits of 
phycocyanin was specific for the detection of cyanobacteria Microcystis aeruginosa in 
algal blooms. Moreover, toxigenic strains of M.aeruginosa were detected by the 
presence of an approximately 1300 bp PCR product when primers for the amplification of 
the N-methyl tranferase (NMT) domain of the microcystin synthetase gene, mcyA, in the 
microcystin biosynthetic pathway were used. 

Neilan et al. (1997b) and Otsuka et al. (1999) used the 16S-23S rRNA internal 
transcribed spacer region (ITS) for the differentiation among toxic and non-toxic M. 
aeruginosa isolates. Rouhiainen et al. (1995) utilized repetitive heptamers 
(5’GGGGACTGGGGACTGGGGACTGGGG3’) as a probe to perform Southern blot 
hybridization with HindIII or HincII digested genomes of 15 strains of Anabaena spp. and 
2 strains of Nostoc spp. The hybridization results indicated that the RFLP patterns 
obtained could be used to discriminate Anabaena spp. which produced hepato-toxins 
from those that produced neurotoxins. The authors could also discriminate Nostoc sp. 
which produced hepato-toxins from the non-producing strain. 16S rDNA sequences as 
well as sequences of rpo c1 which encodes RNA polymerase have been used to identify 
different genotypic strains of Anabaena circinalis, Microcystis aeruginosa, and 
Synechococcus spp. (Fergusson & Saint, 2000; Neilan et al., 1997a; Toledo & Palenik, 
1997). Nubel et al. (1997) reported that comparisons between 16S rDNA sequences 
could lead to the finding if cyanobacteria occurring in nature were the same strains as 
those cultivated in the laboratory. This comparison is possible because when 
environmental conditions change, 16S rDNA sequences do not change. In 1997 Nubel et 
al.(1997) performed multiple alignments on 16S rDNA sequences of all the 174 
cyanobacteria strains deposited in GenBank (Benson et al., 1997) and in the Ribosome 
Database Project (Maidak et al., 1997) to obtain cyanobacterial specific primers 
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CYA106F and CYA359F which were interchangeable and the reverse primer (CYA781R) 
was found to be a solution of equal molarity between CYA781R (a) and CYA781R (b). 
 

Molecular characterization of Synechococcus spp. 
In 2002, Rocap et al. used 16S-23S ribosomal DNA internal transcribed spacer 

sequences (ITS) to resolve Synechococcus ecotypes. 
 
 
 
 
 
 
 
 
  
 
Figure 2.1 Diagram of a general rrn operon (Lewin, 1997) 
 In most eubacteria, Rocap et al. (2002) reported that genes for rRNA are 
organized in operon, with gene encoding the 16S, 23S, and 5S rRNAs separated by 
internal transcribed spacer (ITS) regions as shown in Figure 2.1. Primers 16S-1247f and 
23S-1608r were used to amplify 16S rDNA-23S rDNA internal transcribed spacers of 
several strains of Synechococcus spp. The PCR products were sequenced using Big 
Dye Terminator Sequencing Kit and  ABI 310 Genetic Analyzer (Perkin-Elmer).  
 
 
 
 
 
 
 
 
 

5’ 3’ 

3’ 5’ 
16S rDNA 23S rDNA tRNA tRNA 

Sense 
strand 

5’ 3’ 
1247f 

3’ 5’ 1608r 
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Secondary structures and complete 16S rDNA-23S rDNA internal transcribed 
spacer sequences of Synechococcus strain WH 8102 and other strains were obtained as 
shown in the following figures. 
 Rocap et al. (2002) reported that differences in the ITS sequences as observed in 
the different secondary structures of rrn operons as shown in Figure 2.2 to Figure 2.3 
indicated that part of the conserved ITS sequences could be used as primers for RAPD-
PCR fingerprinting. 
 Figures 2.2 and 2.3 indicated that the ITS regions of 7 strains of Synechococcus 
contained tRNAs for Isoleucine and for Alanine. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.2 Predicted secondary structure of the ITS region of the rRNA operon in 
Synechococcus strain WH 8102. Locations of the 16S rRNA, 23S rRNA, and 5S rRNA are 
represented by triangles conserved in most bacterial ITS sequences, as well as genes 
for tRNA isoleucine and alanine typical of cyanobacterial ITS sequences. Sequence 
corresponding to the box A motif is enclosed in a rectangle. The 5’ region of the tRNAAla- 
23S rRNA spacer (between the tRNAAla and the box A loop) for which no structure was 
inferred is shown in three rows of text to save space. (Rocap et al., 2002) 
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Figure 2.3 Predicted secondary structures of the 16S-23S rRNA ITS in six 
Synechococcus strains identified by Rocap et al. (2002), (A) marine cluster A 
Synechococcus strain WH 8020, (B) marine cluster A Synechococcus strain WH 6501, 
(C) marine cluster A Synechococcus strain WH 7803, (D) marine cluster B 
Synechococcus strain WH 8101, (E) marine cluster B Synechococcus strain WH 5701, 
(F) Synechococcus strain PCC 6307. (Rocap et al, 2002).  
 

Alignment of 434 nucleotide positions in the 16S-23S rDNA spacer (not including 
nucleotides of tRNAs) for phylogenetic analyses revealed that there were many ecotypes 
of marine Synechococcus spp. thriving in different micro-environments as shown in 
Figure 2.4 (Rocap et al., 2002)  
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Figure 2.4 A dendrogram constructed from 434 nucleotide positions of the 16S-23S rDNA  
spacer regions. (Rocap et al., 2002) 
 

Molecular chracterization of Chlorella spp. and Scenedesmus spp. 
From the literature survey, most of the research conducted with green micro-

algae Chlorella spp. and Scenedesmus spp. has been on algal physiology and 
applications such as metal accumulation (Costa et al., 1994; Jie et al., 2001), effects of 
pollutants and/or herbicides/pesticides on growth (Ma, 2000; Ma et al., 2002), effects of 
nutrients/ inhibitors/ light regimes on cell growth ( Zachleder et al., 2002), design of 
reactors for cultivation of cells for useful products ( Mundt et al., 2001), enzymes 
purification, characterization of genes encoding enzymes and genetic engineering 
(Dawson et al., 1997), immobilized Scenedesmus quadricauda for long-term storage and 
for application for water quality control in fish culture (Chen, 2001). 

There are three sources of small subunit ribosomal RNA genes in eukaryotic 
algae including the green algae Chlorella spp. and Scenedesmus spp. These are 16S 
rRNA genes in chloroplasts and mitochondria as well as the 18S rRNA genes. In 
Chlorella ellipsoidea 18S rDNA, Group I intron has been reported (GenBank accession 
no X 63520). 

Huss et al (1999) studied the biological taxonomy and molecular phylogeny of the 
genus Chlorella sense Lato (Chlorophyta). 18S rRNA gene sequences of Chlorella 
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ellipsoidea Gerneck (GenBank accession no X 63520, Huss et al, 1992), Chlorella fusca 
var. vacuslata Shihira & Krauss (GenBank accession no X 56104, Huss & Sogin, 1990) 
Scenedesmus obliquus (Turp.) Keitzing (GenBank accession no X 56103) have been 
reported. Wu et al. (2001) reported on the identification of Chlorella spp. isolates using 
ribosomal DNA sequences. 

Burja et al. (2001) reported that PCR primers specific for the amplification of 16S 
rRNA genes from cyanobacteria as proposed by Nubel et al. (1997) could be used to 
amplify a 578-bp fragment of the 16S rRNA gene of Chlorella vulgaris (SDC1)’s 
chloroplast. It is not surprising that primers specific for the amplification of cyanobacteria 
were found to amplify a section of the green alga’s chloroplast 16S rDNA since green 
algal chloroplasts have long been speculated to originate from cyanobacterial-like 
ancestor (Urbach et al., 1992). Wakasugi et al. (1997) reported a complete a nucleotide 
sequence of the chloroplast genome from Chlorella vulgaris. 

 

Research on molecular characterization of cyanobacteria and micro-algae in 
Thailand 

In Thailand there have not been many studies on  molecular characterization of 
cyanobacteria and micro-algae (Abstract books of the First and the Second National 
Conferences on Algae and Plankton, 2003, 2005). 

Somphong and Peerapornpisal (2004) classified cyanobacteria from some hot 
spring areas in Thailand by morphological criteria and will amplify 16S RNA genes by 
using forward primer CYA106F with GC clamp and reverse primer CYA781R(a) for DGGE 
(Denaturing Gradient Gel Electrophoresis) analysis of the cyanobacteria composition. 
Phitaktansakul et al. (2004) amplified small subunit rDNA of Chlorella spp., 
Chlamydomonas sp., Euglena sp. and Scenedesmus spp. by using NS3 and NS6 
primers and the partial (approximately 600 bp) sequences were used to identify the 
species with a range of 84% - 97% homology with sequences deposited at GenBank 
(NCBI).The practice of using only a partial sequence of small subunit rDNA to compare 
homology with deposited sequences at NCBI with low percent homology is not 
acceptable as a molecular means for identification at the molecular level (Fox et al., 
1992). 
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CHAPTER III 
 

MATERIALS AND METHODS 
 

3.1 Sample collection and isolation of cultures 
 

Freshwater samples were collected from several locations listed in Table 4.1. 
Water temperature and pH were recorded. Cyanobacteria and micro-algae in the 
samples were collected by centrifugation of water samples at 3,000 rpm for 10 minutes at 
room temperature. Cell pellets were observed under a compound microscope for 
preliminary identification. Single colony isolation was performed by repeated streaking of 
green colonies on fresh agar plates containing BG-11 medium ( Rippka et al., 1979). 
Cultures were maintained either on agar slants or in liquid culture and incubated at 25° C 
with continuous illumination of 3,000 lux. Cyanobacteria or micro-algal isolates were 
grown in 3 ml BG-11 in test-tubes and incubated at 25° C under continuous illumination 
of 3,000 lux. Cultures at 3,6,9,12 days were taken for microscopic observation and 
photography. Cultures were identified based on morphology using keys ( Prescott, 1970; 
Rippka et al., 1979) and RAPD-PCR fingerprints.  

 
3.2 RAPD-PCR fingerprinting of cyanobacteria and micro-algae 
 3.2.1 Isolation of Chromosomal DNA 
 

Cells were scrapped from Petri dishes containing BG-11 medium to eppendorf 
tube (two plates per tube). 400 µl 25mM Tris-EDTA buffer pH 7.5, 20µl 10% SDS and 0.2 
g sterilized glass beads were  added to the cell pellet, mixed by vortexing  two minutes 
for three times. The mixture was centrifuged at 12,000 rpm, 4° C for 10 minutes. The 
supernatant was transferred to a fresh eppendorf tube. One volume of 
Phenol:Chloroform:Isoamyl alcohol 25:24:1(v/v/v) was added to the solution which was 
gently mixed by inverting the eppendorf tube. The mixture was centrifuged at 12,000 
rpm, 4° C for 10 minutes. The supernatant was transferred to a fresh eppendrof tube. 
One volume of Chloroform:Isoamyl alcohol 24:1 (v/v) was added to the solution which 
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Text Box



 11

was gently mixed by inverting the eppendorf tube. The mixture was centrifuged at 12,000 
rpm, 4° C for 10 minutes. The supernatant was transferred to a fresh eppendrof tube. 0.1 
volume of 3M sodium acetate, pH 5.2 and 2.5 volumes of absolute ethanol were added  
to the solution which was gently mixed and incubated in -70° C for 15 minutes before 
centrifugation at 12,000 rpm, 4° C for 15 minutes. The precipitate was washed with 70% 
ice-cold ethanol and air dried in a laminar flow hood . 25 µl high-purity distilled water was 
added to dissolve the nucleic acid precipitate at room temperature overnight. Quantity of 
isolated DNA was determined by absorbance at 260 nm and quality of isolated 
chlomosomal DNA was checked by OD260/ OD280 ratios and 0.8% agarose gel 
electrophoresis by standard methods (Sambrook & Russel, 2001). 

 
 3.2.2 RAPD-PCR fingerprinting 
 

 Each of the primers used in RAPD-PCR was from the collection of primers used to 
determine 16S rDNA of E.coli as reported by Blackall(1999) as follows: 

Sequences of the primers from 5’ end to 3’ end with numbers in brackets 
indicating positions in the 16S rDNA of E. coli as given by Blackall (1999) were as 
follows :  
            27f (9-27)    GAGTTTGATCCTGGCTCAG 
            343r (343-357)               CTGCTGCCTCCCGTA 
            519r (519-536)                                      GTATTACCGCGGCTGCTG 
            787r (787-803)               CTACCAGGGTATCTAAT 
 907r (907-926)                                      CCGTCAATTCATTTGAGTTT 
            1100r (1100 -1115)   AGGGTTGCGCTCGTTG 
            1241f (1224-1241)   TACACACGTGCTACAATG 
 1385r (1385-1401)                                CGGTGTGTACAAGGCCC 

1492r (1492-1512)   ACGGCTACCTTGTTACGACTT 
 

In addition, primer CRL-7 as reported by Mathis & McMillin(1996) was also used.  
Sequence of CRL-7 was as follows: 
  CRL-7 : 5’ GCCCGCCGCC 3’ 
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Each primer was used in RAPD-PCR fingerprinting in the PCR mixture was as follows: 10x 
PCR buffer  5.00 µl, 50mM MgCl2 1.00 µl, 10mM dNTPs 1.50 µl, 10 µM primer  1.50 µl, 
DNA template(60-100 ng) 4.00 µl, Taq polymerase (5U. µl-1)  0.25 µl. High quality  double 
distilled water   36.75 µl, Total volume 50.00 µl. PCR program: 94 oC, 4 minutes, 94 oC, 30 
seconds, 45 oC, 60 seconds, 72 oC, 120 seconds for 30 cycles, 72 oC, 10 minutes. 

PCR products were separated by 1.25% agarose gel electrophoresis by standard 
method  ( Sambrook & Russel, 2001). RAPD-PCR fingerprints were stained with Ethidium 
bromide and photographed on a UV transilluminator (Bio-rad). 1 kb plus DNA ladder 
(Invitrogen) was used molecular size marker. Reference strains were obtained  from 
National Institute for Environmental Studies (NIES), Tsukuba, Japan,  as Synechococcus 
sp. NIES-946, Chlorella vulgaris var. vulgaris NIES-686, and Scenedesmus  dimorphus 
NIES-93. All isolated cyanobacteria and micro-algae which were different strains were 
deposited with Bangkok MIRCEN (Microbiological Resources Centre) under the code 
TISTR followed by numbers.  

 
3.3 16S rDNA sequencing 

3.3.1 Amplification of 16S rDNA fragments  
 

    16S rDNA fragments of Synechococcus sp. TISTR 8867, Chlorella sp. TISTR 
8852 and Scenedesmus sp. TISTR 8859 were obtained by PCR amplification by using 
27f and 1492r as the forward and the reverse primers.   Nucleotide sequences of 27f and 
1492r were as reported by Blackall (1999) as follows :  
27f : 5’GAGTTTGATCCTGGCTCAG3’,1492r : 5’ACGGCTACCTTGTTACGACTT3’ 
Contents of the PCR mixture for the PCR run were as indicated below.  PCR program was 
set as described by Blackall (1999) as follows : 10x PCR buffer  5.00 µl, 1.5mM MgCl2 
1.50 µl, 10mM dNTP  1.00 µl, 27f (200 ng. µl-1) 0.50 µl, 1492r (200 ng. µl-1) 0.50 µl, DNA 
template(60-100 ng) 1.00 µl, Taq polymerase (5U. µl-1) 0.25 µl, High quality double 
distilled water 40.25 µl, Total volume 50.00 µl. PCR program: 95 oC 30 minutes, 95 oC 60 
seconds, 48 oC 60 seconds, 72 oC 120 seconds for 30 cycles, 48 oC 60 seconds,72 oC 
300 seconds for 1 cycle. 
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Each PCR product was separated by 1.25% agarose gel electrophoresis, viewed 
and photographed on a UV transilluminator (Bio-rad).  The expected molecular size of 
the 16S rDNA was approximately 1,500 bp. 

 
3.3.2 Sequencing of 16S rDNA fragments 
 

  Tubes containing 16S rDNA PCR products obtained in Section 3.3.1 were 
sent to the BioService Unit, National Center for Genetic Engineering and Biotechnology 
for sequencing by the ABI PRISM (Dye terminator Cycle Sequencing Kit (Applied 
Biosystems). The nine primers as indicated in Section 3.2.2 were supplied with the 
samples. Direct sequencing of 16S rDNA as suggested by Dorch & Stackebrandt (1992) 
was performed  twice for the following three strains: Synechococcus sp. NJ7 (TISTR 
8867), Chlorella sp. NJ26 (TISTR 8852) and Scenedesmus sp. NJ8 (TISTR 8859).   
 
 
 
 
 
 
 

 
The BioEdit program (http://www.mbio.ncsu.edu) was used to analyse 

overlapping sequences of  amplified fragments in order to get sequences of the sense 
strand. Complete sequences were compared with  available sequences deposited in 
GenBank using the  NCBI BLAST program. 

 
3.4 Determination of protein profiles 
 

Seed culture was prepared by inoculating one loop of Synechococcus sp. NJ7 
(TISTR 8867) into 50 ml of BG-11 medium, pH 7.4 and one loop of Chlorella sp. NJ26 
(TISTR 8852) or Scenedesmus sp. NJ8 (TISTR 8859) into 50 ml of Bold’ Basal Medium 
(BBM), pH 6.8. Medium composition of BBM medium was as reported by Stein (1973). 

343r 1100r 

27f 1241f 

1492r 907r 
519r 

787r 1385r 
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The cultures were grown at 150 rpm, 40oC until mid log phase. Five ml of each seed 
culture were inoculated into a set of 45 ml BG-11 or BBM medium. Cultures were grown 
at 150 rpm, 40oC until mid log phase as determined by measurement of carotenoids at 
wavelength 450 nanometer. Intracellular proteins were extracted by harvesting cells at 
12,000 rpm, 15 min at 4oC. Cell pellet was washed twice with extraction buffer ( 0.5 M 
Tris HCl, pH 7.0 ). Two to three volumes of sterilized glass beads (Sigma G-9143) were 
added to the cell pellet which was suspended in 80 µl extraction buffer, vortexed at top 
speed for 40 seconds, left on ice then the vortexing was repeated 9 more times with 
tubes on ice after each vortexing. Contents were centrifuged at 12,000 rpm, 40 minutes 
at 4oC. Concentrations of soluble proteins in the supernatant were determined by the 
Bradford method (Bradford, 1976) using the protein dye assay (BIO-RAD) with Bovine 
Serum Albumin as the standard. Soluble proteins were separated by SDS-PAGE as 
described by Laemmli (1970) with 10% separating gel and 50 µg protein per well. 
Proteins were stained by Silver stain kit (BIO-RAD) according to the manufacturer ‘s 
instruction. 
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CHAPTER IV 
 

RESULTS 
  

4.1 Sample collection and isolation of cultures 
Table 4.1 Locations of freshwater bodies where samples were collected for the isolation 
of cyanobacteria and micro-algae including list of the isolates. 
 
Collection dates                                            Places Temp.   

( °C )        
  pH     Isolates 

October,01 
December,01 

January,02 
January,02 
February,02 

November,02 
May,02 

December,01 
February,02 

June,03 
December,02 

August,03 
October,03 

November,01 
May,03 

February,03 
October,03 

May,03 
November,02 
December,02 

June,03 
September,03 

June,03 
March,03 

February,03 
May,03 

October,01 
September,03 

March,03 
November,02 

May,03 
December,02 
November,01 

May,03 
June,03 

February,02 
February,03 

June,02 
October,02 

Physics Building, Chulalongkorn University 
   Medium used  in growing soybeans, Tab Bld., Chulalongkorn University 

Tab Building , Chulalongkorn University 
Clock Tower, Chulalongkorn University 

Physics Building, Chulalongkorn University 
Pond at 23/8 Soi Lardprao I,Bangkok 

Clock Tower, Chulalongkorn University 
Lumpini Park,Bangkok 

Physics Building, Chulalongkorn University 
Female Students Dormitory, Chulalongkorn University 

Lumpini Park,Bangkok 
Lumpini Park,Bangkok 
Lumpini Park,Bangkok 

Medium used in growing soybeans, Tab Bld., Chulalongkorn University 
Lumpini Park,Bangkok 
Lumpini Park,Bangkok 
Lumpini Park,Bangkok 

Pond at 23/8 Soi Lardprao I,Bangkok 
Physics Building, Chulalongkorn University 

Lumpini Park,Bangkok 
Physics Building, Chulalongkorn University 

Clock Tower, Chulalongkorn University 
Lumpini Park,Bangkok 

Faculty of Pharmacy, Chulalongkorn University 
Lumpini Park,Bangkok 

Bangkae Nai Road,Singburi Province 
Biology I Building, Chulalongkorn University 
Physics Building, Chulalongkorn University 

Female Students Dormitory, Chulalongkorn University 
Faculty of Pharmacy, Chulalongkorn University 

Biology I Building, Chulalongkorn University 
Lumpini Park,Bangkok 
Lumpini Park,Bangkok 

Golden Jubrilee Building,Kasetsart University 
Golden Jubrilee Building,Kasetsart University 

Lumpini Park,Bangkok 
Golden Jubrilee Building,Kasetsart University 

Kok Hirun Temple, Ayudhaya Province 
Golden Jubrilee Building,Kasetsart University 

28 
28 
28 
28 
28 

  29 
28 
28 
27 
28 
28 
28 
28 
28 
28 
28 
27 

  29 
28 
28 
28 
27 
28 
28 
28 
28 
28 

  29 
28 
28 
28 
28 

  29 
  29 
  29 
  29 

28 
28 
28 

6.8 
6.8 
6.8 
6.8 
6.8 
6.8 
6.8 
6.6 
6.8 
6.8 
6.6 
6.6 
6.6 
6.8 
6.6 
6.6 
6.6 
6.8 
6.8 
6.6 
6.8 
6.8 
6.6 
6.8 
6.6 
6.8 
6.8 
6.8 
6.8 
6.8 
6.8 
6.6 
6.6 
6.8 
6.8 
6.6 
6.8 
6.8 
6.8 

NJ1 
NP2 
NJ3 
NP4 
NJ5 
NP6 
NJ7 
NJ8 
NJ9 

NP10 
NJ11 
NJ12 
NJ13 
NJ14 
NJ15 
NJ16 
NJ17 
NJ18 
NJ19 
NJ20 
NJ21 
NJ22 
NJ23 
NJ24 
NJ25 
NJ26 
NJ27 
NJ28 
NJ29 
NJ30 
NJ31 
NJ32 
NJ33 
NJ34 
NJ35 
NJ36 
NJ37 
NJ38 
NJ39 
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March,02 
March,03 

October,03 
October,03 

September,03 
September,03 

June,03 
September,03 
September,03 

August,03 
August,03 

 

Paholyothin 32 Road, Bangkok 
Female Students Dormitory, Chulalongkorn University 

Lumpini Park,Bangkok 
Ancient City , Ayudhaya Province 

Santiparb Park,Victory Monument ,Bangkok 
Kok Hirun Temple, Ayudhaya Province 

Golden Jubrilee Building,Kasetsart University 
Santiparb Park,Victory Monument ,Bangkok 
Santiparb Park,Victory Monument ,Bangkok 

Paholyothin 32 Road, Bangkok 
Paholyothin 32 Road, Bangkok 

 

28 
28 
28 
27 
28 
28 
28 
28 
28 
28 
28 

6.8 
6.8 
6.6 
6.8 
6.8 
6.8 
6.8 
6.8 
6.8 
6.8 
6.8 

NJ40 
NJ41 
NJ42 
NJ43 
NJ44 
NJ45 
NJ46 
NJ47 
NJ48 
NJ49 
NJ50 

 

 
4.2 Identification of cyanobacteria and micro-algae based on cell morphology 
and RAPD-PCR fingerprints 
 

Synechococcus sp. 
Based on morphology of cells grown in BG11 medium at 25°C under 3,000 Lux 

continuous light intensity, the following isolates may be the same Synechococcus strain: 
NP4, NJ7, NJ21, NJ22, and NJ28.  

Representative morphology of these isolates was shown in Figure 4.1. RAPD-PCR 
fingerprints of these isolates when CRL-7 or 27f or 343r or 1100r or 1492r was used as 
the primer are shown in Figure 4.2. 

 

                                            
 

Figure 4.1 Representative morphology of Synechococcus sp. NP4, NJ7, NJ21, NJ22, and 
NJ28 grown for 9 days in BG-11 medium under 3,000 lux light intensity. Bar indicates 30 
µm.  
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                      CRL-7                                  27f                                        343r 
 
 
 
 
 
 
 
 
 
                                                     

 

                                 1100r                                              1492r  
 
 
 
 
 
 
 
 
 

 
 

Figure 4.2 RAPD-PCR fingerprints of isolates NP4, NJ7, NJ21, NJ22, and NJ28 when  
CRL-7 or 27f or 343r or 1100r or 1492r was used as the primer. Lanes M were molecular 
size markers. Lanes N-946 indicated RAPD-PCR fingerprints of Synechococcus sp. 
NIES-946.    
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RAPD-PCR fingerprints as shown in Figure 4.2 show that isolates NP4, NJ7, NJ21, 
NJ22, and NJ28 belong to the same Synechococcus strain which is different from                 
Synechococcus sp. NIES-946 obtained from the National Institute for Environmental 
studies (NIES). The isolated Synechococcus strain was deposited at Bangkok MIRCEN 
under the code TISTR 8867. The results indicated that primers which are usually used in 
the determination of 16S rDNA sequence of E.coli can be used to determine 16S rDNA 
sequence of Synechocoocus sp. NJ7 (TISTR 8867) because there were annealings 
between the target DNA from Synechocoocus sp. NJ7 (TISTR 8867) and some of the 
primers.     

 

Chlorella spp. 
 Based on cell morphology, isolates NJ1, NJ3, NJ5, NJ26, NJ27, NJ29, NJ31, 
NJ41, NJ43 could be the same strains. All cells were spherical with diameters ranging 
from   7 µm to 20 µm (Figure 4.3) 
 

            
                         9 days                                                                      9days 

                      
                          12days                                                                   12 days                                                   
Figure 4.3 Representative  morphology of Isolates NJ1, NJ3, NJ5, NJ26, NJ27, NJ29,  
NJ31,NJ41, NJ43 grown in BG-11 medium for 9-12 days under 3,000 lux light  intensity. 
Bar indicates 30 µm. 
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           CRL-7                                          27f                                                  343r 
 
        
 
 
 
 

 
 
 
                             
 

                                  
                               1100r                                                  1492r                    
                                                                                  
 
 
 
 
 
 
 
       
 
 
 

Figure 4.4 RAPD-PCR fingerprints of the isolates NJ1, NJ3, NJ5, NJ26, NJ27, NJ29,  
NJ31, NJ41, NJ43 and N-686 when either CRL-7 or 27f or 343r or 1100r or 1492r was 
used as the primer. Lanes M molecular size markers. Lane N-686 indicated RAPD-PCR 
fingerprints of Chlorella vulgaris var. vulgaris NIES-686. 
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RAPD-PCR fingerprints showed that NJ1, NJ3, NJ26, NJ27 were the same strain 
which was deposited at MIRCEN under the code Chlorella sp, TISTR 8852 ; NJ29, NJ31 
were the same strain with the code Chlorella sp. TISTR 8854, NJ41, NJ43 were the same 
strain with the code Chlorella sp. TISTR 8855. NJ5 was another Chlorella strain with the 
code Chlorella sp. TISTR 8853. All of the four different Chlorella strains were not Chlorella 
vulgaris var. vulgaris NIES-686.  
 Figure 4.5 showed that isolates NJ9, NP10, NJ19, NJ35, and NJ37 might be the 
same strains due to similar cell morphology. Cells were ovoid with length 30 µm and 
width 15 µm. One pyrenoid was clearly observed in each cell. However RAPD-PCR 
fingerprints revealed that isolates NJ9 and NJ19 were the same strain which was 
deposited at MIRCEN as TISTR 8856 and isolates NP10, NJ35, NJ37 were the same 
strain which is being sent to deposit at MIRCEN (Figure 4.6). 

           
                     9 days                                                                         6 days 

        
                        9 days                                                                      6days 
                                           
                                                             12days 
 
 
 
Figure 4.5 Representative morphology of Isolates NJ9, NP10, NJ19, NJ35, and 
NJ37grown for 6-9 days in BG-11 medium at 28°C under 3,000 lux light intensity. Bar 
indicates 30 µm. 

12 days 
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              CRL-7                                      27f                                  343r 
                                                                                                                            
 
 
 
 
 
 
 
 
 
 
                                  1100r                                          1492r 
                                                                     
 
 
       
 
 
 
 
 
 
 
Figure 4.6 RAPD-PCR fingerprints of NJ9, NP10, NJ19, NJ35, and NJ37 with either CRL-7 
or 343r or 1100r or 1492r as the primer. Lanes M were molecular size markers. 
 
 

Figure 4.7 indicated that isolates NJ24 and NJ30 might be the same strain 
because cells of both isolates were small and ovoid with average length 15-40 µm and 
width 10-20 µm. RAPD-PCR fingerprints with either CRL-7 or 27f or 343r or 1100r or 
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1492r revealed that the two isolates were the same strain (Figure 4.8).The isolates were 
tentatively identified as Chlorella sp. but we were advised by MIRCEN’s curator (personal 
communication) that the strain might be Tetrachlorella sp. Closer microscopic 
examination of cell morphology indicated the appearance of groups of two to four cells 
former colonies similar to Scenedesmus sp. The identify of this strain is under 
investigation. 
 

                                       
             12 days 
Figure 4.7 Morphology of isolates NJ24 and NJ30. Bar indicates 30 µm. 
 
          CRL-7                           27f                         343r                     1100r               1492r 
 
 
 
 
 
 
 
 
 
 
Figure 4.8 RAPD-PCR fingerprints of NJ24 and NJ30 with either CRL-7 or 27f or 343r or 
1100r or 1492r was used as the primer. 

Cell morphology of isolates NJ34, NJ46, NJ49, and NJ50 showed that the isolates 
might be the same strain became of the presence of spherical cells with various sizes 
ranging from 10-15 µm to 60 µm in diameter (Figure 4.9). RAPD-PCR fingerprints with 
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either CRL-7 or 27f or 343r or 1100r or 1492r as the primer as shown in Figure 4.10 
showed that isolates NJ34 and NJ46 were the same strain. The isolates NJ 34 and NJ46 
were deposited at MIRCEN as Chlorella sp. TISTR 8857. The isolates NJ49 and NJ50 
were the same strain. Which was tentatively identified as Chloococcum sp. by a 
MIRCEN’s curator.  
 
    
 
 
                    
                        
 
 
     
                                                                                  
    
    
                    
 
 
 
 
 
 
 
 
 
 
 
Figure 4.9 Cell morphology of isolates NJ34, NJ46, NJ49, and NJ50 grown for 3, 6, 9, 12 
days in BG-11 at 25°C, 3,000 lux light intensity. Bar indicates 30 µm. 

NJ34 
6 days 

NJ46 
3 days 

NJ46 
9 days 

    NJ46 
  12 days 

NJ49 
6days 

 NJ50 
 3days 

NJ50 
9 days 

  NJ50 
12 days 



 24

 
         CRL-7                    27f                        343r                       1100r                    1492r 
 
                                                                                                                                                                        
 
 
      
 
      
 
 
 
 
 
Figure 4.10 RAPD-PCR fingerprints of isolates NJ34, NJ46, NJ49, and NJ50 with either 
CRL-7 or 27f or 343r or 1100r or 1492r was used as the primer. 
 

 On closer observations some cells of isolates NJ49 and NJ50 appeared to be 
larger with average diameter of 60 µm which divided to smaller multiple daughter cells. 
The identify of this strain is under investigation. (Figure 4.9). 
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Scenedesmus spp. 
The following isolates of Scenedesmus spp. NP2, NP6, NJ14, NJ18, NJ39 may be the 

same strain.  Figure 4.11 show morphology of these isolates.  However, RAPD-PCR 
fingerprints indicated that NP6 and NJ18 were the same strain which was deposited at 
MIRCEN as Scenedesmus sp. TISTR 8861; NP2, NJ14, and NJ39 were different strains 
(Figure 4.12) which were deposited at MIRCEN as Scenedesmus sp. TISTR 8862, 
Scenedesmus sp. TISTR 8863, Scenedesmus sp. TISTR 8858 respectively. 

 
 
 
 
 
 

                                                          NP2 (12 days) 
 
 
 
 

 
                   

                      NP6 (9 days)                                         NP14 (12 days)       
              
   
     
             
 
 

   NJ18 (12 days)                                      NJ39 (12 days) 
 
Figure 4.11 Morphology of Scenedesmus spp.  NP2, NP6, NJ14, NJ18, NJ39 grown for 9-
12 days in BG-11 medium at 25°C, 3000 lux light intensity. Bar indicates  30 µm.       
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               CRL-7                                     27f                                             343r 
                             
 
 
 
 
 
 
 
 
 
                                     
                                       1100r                                         1492r 
                                                                          
 
 
 
 
 
 
 
 

 
Figure 4.12 RAPD-PCR fingerprints of Scenedesmus spp. NP2, NP6, NJ14, NJ18, and 
NJ39 using either CRL-7 or 27f or 343r or 1100r or 1492r as the primer. 

 
Based on morphology Scenedesmus quadricauda isolate NJ23 may be the same 

strain as isolate NJ45 while NJ40 might be a different strain. However, RAPD-PCR 
fingerprints revealed that the three isolates were there different strains (Figures 4.13, 
4.14). The strains were deposited at MIRCEN as Scenedesmus sp. TISTR 8864, 
Scenedesmus sp. TISTR 8866, Scenedesmus sp. TISTR 8865 respectively. 
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                    NJ23                                                                          NJ45                                        
                  12 days                                                                      12 days                                    

 
NJ40 

3 days 
Figure 4.13 Morphology of Scenedesmus quadricauda isolates NJ23, NJ40, and 
NJ45 grown for 3 and 12 days in BG-11 medium at 25°C, 3000 lux light intensity. Bar 
indicates 30 µm. 
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             CRL-7                                   27f                                  343r 
 

 
 
 
 
 
 
 
            
 
                                 1100r                                                1492r 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.14 RAPD-PCR fingerprints of Scenedesmus quadricauda isolates NJ23, NJ40 
and NJ45 when CRL-7 or 27f or 343r or 1100r or 1492r was used as the primer. 
 

From morphology, Scenedesmus spp. isolates NJ8, NJ12, NJ20, NJ25, NJ42, 
NJ47, NJ48 may be the same strain (Figure 4.15). RAPD-PCR fingerprints as shown in 
Figure 4.16 revealed that the isolates except NJ42 were the same strain which was 
deposited at MIRCEN as Scenedesmus sp. TISTR 8859. Isolate NJ42 was deposited at 
MIRCEN as Scenedesmus sp. TISTR 8860. The cells were sometimes observed to 
contain 4 cells. Cell length 30-40 µm; Cell width 10 µm.    
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                             NJ8                                                                        NJ12    
                         9 days                                                                      9 days                 

                 
                          NJ20                                                                        NJ25    
                         9 days                                                                     9 days   

 
                                                                                                      
 
 
 
                           NJ42                                                                   NJ47 
                         12 days                                                              12 days 

 
  

NJ48 
                                                                       12 days 
Figure 4.15 Morphology of isolates NJ8, NJ12, NJ20, NJ25, NJ42, NJ47 and NJ48 grown 
for 9 and 12 days in BG-11 medium at 25°C, 3000 lux light intensity. Bar indicates 30 
µm. 
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                   CRL-7                                         27f                                                  343r 
                                                                                                                                                           
 
 
 
 
 
 
 
 
 
 
                                           
                                     1100r                                                   1492r          
 
 
                                                                                 
 
 
 
 
 
 
 
 
Figure 4.16 RAPD-PCR fingerprints of isolates NJ8, NJ12, NJ20, NJ25, NJ42, NJ47, NJ48 
with either CRL-7 or 27f or 343r or 1100r or 1492r as the primer. Lanes M were molecular 
size markers. Lane N-93 indicated RAPD-PCR fingerprints of Scenedesmus dimorphus 
NIES -93 
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                  Figure 4.17 to 4.19 show cell morphology of the reference strains obtained 
from NIES. RAPD-PCR fingerprints of each strain were previously shown in Figure 4.2, 
4.4, and 4.16. 
 
 
 
                                                                       
 
 
                     3 days                                                                  6 days 
 
 
 
                                                                        
 
 
                     9 days                                                                 12 days 
 
Figure 4.17 Cell morphology of the reference strain, Synechococcus sp. NIES-946 grown 
for 3, 6, 9, and 12 days in BG-11 medium at 25°C, 3,000 lux light intensity. Bar indicates 
30 µm. 
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                     3 days                                                                   6 days 
       
                                                                     
                                                                           
 
 
                     9 days                                                                 12 days 
Figure 4.18 Cell morphology of the reference strain, Chlorella vulgaris var. vulgaris NIES-
686 grown for 3, 6, 9, and 12 days in BG-11 medium at 25°C, 3,000 lux light intensity. 
Bar indicates 30 µm. 
 
 
 
                                                                            
 
                     3 days                                                                   6 days 
 
 
 
                                                                       
 
                    9 days                                                                 12 days 
 
Figure 4.19 Cell morphology of the reference strain, Scenedesmus dimorphus NIES-93 
grown for 3, 6, 9, and 12 days in BG-11 medium at 25°C, 3,000 lux light intensity. Bar 
indicates 30 µm. 



 33

Figures 4.20 to 4.23 indicated that there were no PCR product bands that were specific 
to either Synechococcus spp. or Chlorella spp. or Scenedesmus spp. The results also 
indicated that the isolated Synechococcus sp. Chlorella spp. and Scenedesmus spp. 
were different strains from the reference strains 
 

 
 
 
Figure 4.20 Summary of RAPD-PCR fingerprints of 16 strains of isolated Synechococcus 
sp., Chlorella spp. and Scenedesmus spp. as well as reference strains Synechococcus 
sp. NIES-946, Chlorella vulgaris var. vulgaris NIES-686, and Scenedesmus dimorphus 
NIES-93 when 27f was used as the primer.   
 
 
 
 
 
 
 
 
 

Synechococcus  spp. Chlorella  spp. Scenedesmus  spp. 
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Figure 4.21 Summary of RAPD-PCR fingerprints of 16 strains of isolated Synechococcus 
sp., Chlorella spp. and Scenedesmus spp. as well as reference strains Synechococcus 
sp. NIES-946, Chlorella vulgaris var. vulgaris NIES-686, and Scenedesmus dimorphus 
NIES-93 when 343r was used as the primer.   
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.22 Summary of RAPD-PCR fingerprints of 16 strains of isolated Synechococcus 
sp., Chlorella spp. and Scenedesmus spp. as well as reference strains Synechococcus 
sp. NIES-946, Chlorella vulgaris var. vulgaris NIES-686, and Scenedesmus dimorphus 
NIES-93 when 1100r  was used as the primer.   

Scenedesmus spp. Chlorella spp. Synechococcus spp. 

Synechococcus spp. Chlorella spp. Scenedesmus spp. 
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Figure 4.23 Summary of RAPD-PCR fingerprints of 16 strains of isolated Synechococcus 
sp., Chlorella spp. and Scenedesmus spp. as well as reference strains Synechococcus 
sp. NIES-946, Chlorella vulgaris var. vulgaris NIES-686, and Scenedesmus dimorphus 
NIES-93 when 1492r was used as the primer.   

16S rDNA sequence 

Figure 4.24 showed amplified products of 16S rDNA of Synechococcus sp.NJ 7 
(TISTR 8867), Chlorella sp. NJ26 (TISTR 8852) and Scenedesmus sp. NJ 8(TISTR 8859). 
Figure 4.25-4.30 show 16S rDNA sequence of the three strains and their homology 
comparisons with data deposited in GenBank. Table 4.2 summarises the results of the 
homology comparisons. 

 

 

 

 
Figure 4.24  Amplified 16S rDNA products when DNA of Synechococcus sp. TISTR 8867, 
Chlorella sp. TISTR 8852 and Scenedesmus sp. TISTR 8859 were used as target DNA. 
Molecular size of the products was 1,500 bp as expected. 

Synechococcus spp. Chlorella spp. Scenedesmus spp. 
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Table 4.2  Summary of homology comparisons of 16S rDNA sequences obtained by the 
use of NCBI’s BLAST program. 
 
   Strain                     number of nucleotides     percent homology         Strain in GenBank 
 
Synechococcus sp. NJ7           1485    one partial sequence            Koliella spiculiformis 
    (TISTR 8867)                                     Homology=584/608 (96%)  
 
Chlorella sp.NJ26                     1520     one partial sequence          Chlorella sorokiniana  
    (TISTR 8852)                                     Homology=1273/1328(95%)  
 
Scenedesmus sp.NJ28            1470     one partial sequence        Scenedesmus obliquus  
     (TISTR 8859)                                   Homology=1167/1213(96%)  
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Figure 4.25 16S rDNA sequence of Synechococcus sp.NJ 7 (TISTR 8867). Sequences of 
primers are shown in boxes. 

1492r 

1241f 

1100r 

907r 

787r 
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Query= NJ_7 com  (1485 letters) 

                                                Score    E 
Sequences producing significant alignments:                      (bits) Value 
 
gi|18642513|gb|AF278746.1|  Koliella spiculiformis 16S small...   908   0.0    
gi|2224352|dbj|AB001684.1|  Chlorella vulgaris C-27 chloropl...   728   0.0    
gi|11468|emb|X16579.1|CHCVSSRN  Chlorella vulgaris chloropla...   728   0.0    
gi|45385169|gb|AY553213.1|  Auxenochlorella protothecoides 1...   728   0.0    
gi|1232075|dbj|D11347.1|CHLCPV16S  Chlorella vulgaris (strai...   720   0.0    

Alignments 
 

>gi|18642513|gb|AF278746.1|   Koliella spiculiformis 16S small subunit 
ribosomal RNA gene, partial 
            sequence; chloroplast gene for chloroplast product 
          Length = 801 
 
 Score =  908 bits (458), Expect = 0.0 
 Identities = 584/608 (96%), Gaps = 16/608 (2%) 
 Strand = Plus / Minus 
 
Query: 457  ctgacgacagccatgcaccacc-gtgcattccactctggaactttctctttcgagaaaaa 515 
            |||||||||||||||||||||| |||   ||||||||||||||||||||||||||||||| 
Sbjct: 660  ctgacgacagccatgcaccacctgtg---tccactctggaactttctctttcgagaaaaa 604 
 
 
Query: 516  agtggcatgtcaagtcctggctaaggttcttcgcgattgcatcgaattaaaccacatgct 575 
            |||||||||||||||||||| |||||||||||||| |||||||||||||||||||||||| 
Sbjct: 603  agtggcatgtcaagtcctgg-taaggttcttcgcg-ttgcatcgaattaaaccacatgct 546 
 
 
Query: 576  ccaccgcttgatgcgggcccccgctcaattcctttgagtttcactcttgtcgagcatact 635 
            |||||||||| |||||||||||| ||||||||||||||||||||||||| |||||||||| 
Sbjct:  545 ccaccgcttg-tgcgggcccccg-tcaattcctttgagtttcactcttg-cgagcatact 489 
                                                                                  
 
Query: 636  ccccaggcgggatacttcacgcgttagctacggtactgagtgatttgaatctacccaaca 695 
            ||||||||||||||||||||||||||||||||||||||| |||||||||||||||||||| 
Sbjct: 488  ccccaggcgggatacttcacgcgttagctacggtactgaatgatttgaatctacccaaca 429 
                                                                         
 
Query: 696  cctagtatccatcgtttacggcgaggactactggggtatctaatcccatttgctcccctc 755 
            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct: 428  cctagtatccatcgtttacggcgaggactactggggtatctaatcccatttgctcccctc 369 
                                                                         
 
Query: 756  gctttcgtctctcagtgtcagtcgcggcccagcagagtgctttcgcctttggtgttcctc 815 
            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct: 368  gctttcgtctctcagtgtcagtcgcggcccagcagagtgctttcgcctttggtgttcctc 309 
                                                                         
 
Query: 816  ccgatctctacgcatttcaccgctccaccgggaattccctctgcccctaccgaactctag 875 
            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct: 308  ccgatctctacgcatttcaccgctccaccgggaattccctctgcccctaccgaactctag 249 
 
 
Query: 876  t-ttatagtttc-cctgcctgcccagagttaagccctggatctttgacaaaagacttgat 933 
            | | |||||||| |||||||||||||||||||||||| ||||||||||| |||||||| | 
Sbjct: 248  tctaatagtttctcctgcctgcccagagttaagccct-gatctttgacagaagacttggt 190 
 
 
Query: 934  aaaccacctacagacgctttacgcccaatcattccggataacgcttgcatcccctgctct 993 
            |||||||||||||||||||||||||||||||||||||||||||||||||||| ||| ||| 
Sbjct: 189  aaaccacctacagacgctttacgcccaatcattccggataacgcttgcatcctctg-tct 131 
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Query: 994  taccgcgggtgctggcacagggttag-cgatgcttattcctcagaataccgt-aaaatac 1051 
            |||||||| ||||||||||| ||||| ||||||||||||||||| ||||||| ||||| | 
Sbjct: 130  taccgcggctgctggcacagagttagccgatgcttattcctcag-ataccgtcaaaattc 72 
 
                     
Query: 1052 ttctctga 1059 
            |||||||| 
Sbjct: 71   ttctctga 64 
 

Figure 4.26 Result of homology comparison between 16S rDNA of Synechococcus sp. 
NJ 7 (TISTR 8867) and data in GenBank. 
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Figure 4.27 16S rDNA sequence of Chlorella sp.NJ 26 (TISTR 8852). Sequences of primers are  

shown in boxes. 
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Query= NJ26_com (1520 letters) 

                                               Score    E 
 
Sequences producing significant alignments:                      (bits) Value 
 
gi|12547|emb|X65689.1|CSSSRRNAX  C.sorokiniana plastid DNA s...  2072   0.0    
gi|2224352|dbj|AB001684.1|  Chlorella vulgaris C-27 chloropl...  1947   0.0    
gi|11468|emb|X16579.1|CHCVSSRN  Chlorella vulgaris chloropla...  1947   0.0    
gi|45385169|gb|AY553213.1|  Auxenochlorella protothecoides 1...  1947   0.0    
gi|1232075|dbj|D11347.1|CHLCPV16S  Chlorella vulgaris (strai...  1931   0.0    

Alignments 
 

>gi|12547|emb|X65689.1|CSSSRRNAX   C.sorokiniana plastid DNA small subunit 
(16S-like) ribosomal RNA 
          Length = 1493 
 
 Score = 2072 bits (1045), Expect = 0.0 
 Identities = 1273/1328 (95%), Gaps = 18/1328 (1%) 
 Strand = Plus / Minus 
 
Query: 37   tacggctaccttgttacgacttcaccccagatcacctacccattccttaggcgtccccct 96 
            |||||||||||||||||||||||||||||| |||| || || | |||||||||||||||| 
Sbjct: 1464 tacggctaccttgttacgacttcaccccag-tcac-tagccctgccttaggcgtccccct 1407 
 
 
Query: 97   ccacaaggcgttggagtaacgactttgggcatagccagctcccatggtgtgacgggcggt 156 
            |||||||| ||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct: 1406 ccacaagg-gttggagtaacgactttgggcatagccagctcccatggtgtgacgggcggt 1348 
 
 
Query: 157  gtgtacaaggcccgggaacctatctt--gcagtatggctgacctgcgatta-tagcgatt 213 
            ||||||||||||||||||| |||     ||||||||||||||||||||||| |||||||| 
Sbjct: 1347 gtgtacaaggcccgggaacgtattcaccgcagtatggctgacctgcgattactagcgatt 1288 
                                                                         
 
Query: 214  ccgacttcatgcaggcgagttgcagcctgcaatccgaactgagaccgggtttttgaggtt 273 
            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct: 1287 ccgacttcatgcaggcgagttgcagcctgcaatccgaactgagaccgggtttttgaggtt 1228 
                                                                         
 
Query: 274  ggctagccctcgcgggtttgcatctctttgtcccggccattgtagcacgtgtgtcgccca 333 
            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct: 1227 ggctagccctcgcgggtttgcatctctttgtcccggccattgtagcacgtgtgtcgccca 1168 
                                                                         
 
Query: 334  ggacgtaaggggcatgctgacttgacgtcatcctcaccttcctccggcttgtcaccggca 393 
            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct: 1167 ggacgtaaggggcatgctgacttgacgtcatcctcaccttcctccggcttgtcaccggca 1108 
                                                                                           
 
Query: 394  gtcttttgaatttcccataactggcaattcaaaacaagggttgcgctcgttcggggacct 453 
            |||||||||||||||||||||||||||||||||||||||||||||||||||  ||||| | 
Sbjct: 1107 gtcttttgaatttcccataactggcaattcaaaacaagggttgcgctcgttgcgggactt 1048 
 
 
Query: 454  a-cccatcatgtcaagacacgaggctgacgacagccatgcaccacctgtgtccactctgg 512 
            | |||| ||| |||||||||||| |||||||||||||||||||||||||| ||||||||| 
Sbjct: 1047 aacccaacatctcaagacacgag-ctgacgacagccatgcaccacctgtgyccactctgg 98                
 
 
Query: 513  aacttcccctttcagggaaaaagtggcatgtcaagtcctggtaaggttcttcgcgttgca 572               
            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct: 988  aacttcccctttcagggaaaaagtggcatgtcaagtcctggtaaggttcttcgcgttgca 929 
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Query: 573  tcgaattaaaccacatgctccaccgcttgtgcgggcccccgtcaattcctttgagttgca 632 
            ||||||||||||||||||||||||||||||||||||||||||||||||||||||||| || 
Sbjct: 928  tcgaattaaaccacatgctccaccgcttgtgcgggcccccgtcaattcctttgagtttca 869 
 
 

Query: 633  cgctcgcgagcatactccccaggcgggatacttcacgcgttagctccgatactgaatgct 692 
            | || ||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct: 868  ctcttgcgagcatactccccaggcgggatacttcacgcgttagctccgatactgaatgct 809 
 

                                                                                           
Query: 693  ttaacctatccaacatctagtatccatcgtttacggcgaggactacaggggtatctaggg 752 
            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||    
Sbjct: 808  ttaacctatccaacatctagtatccatcgtttacggcgaggactacaggggtatctaatc 749 
 
 

Query: 753  gcctttgcccccctaactttcgtctctcaggcctcaggtgtggcccagcaaagtgctttc 812 
             | ||||| |||||  ||||||||||||| |  |||| | |||||||||| ||||||||| 
Sbjct: 748  ccttttgctcccctcgctttcgtctctca-gtgtcagttatggcccagcagagtgctttc 690 
 
 

Query: 813  gcctttggggttcctcccgatctctacgcatttcaccgctccaccgggaattccctctgc 872 
            |||||||| ||||||||||| ||||||||||||||||||||||||||||||||||||||| 
Sbjct: 689  gcctttggtgttcctcccgakctctacgcatttcaccgctccaccgggaattccctctgc 630 
 
                                                                               
Query: 873  ccctaccaaactctagcctcagagtttctcctgccggcccaggggttaagccctgatctt 932 
            ||||||||||||||||||||||||||||||||||||||||| |||||||||||||||||| 
Sbjct: 629  ccctaccaaactctagcctcagagtttctcctgccggccca-gggttaagccctgatctt 571 
 
                                                                         
Query: 933  tgacaggagacttttgaagccacctacagacgctttacgcccaatcattccggataacgc 992 
            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct: 570  tgacaggagacttttgaagccacctacagacgctttacgcccaatcattccggataacgc 511 
 
 

Query: 993  ttgcatcctctgctcttaccgcggctgctggcacagagttagccgatgcttattcctcag 1052 
            |||||||||||| ||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct: 510  ttgcatcctctg-tcttaccgcggctgctggcacagagttagccgatgcttattcctcag 452 
 
Query: 1053 ataccgtcaagattcttctctgagaaaagaagtttacaacccataggccttcatccttca 1112 
            |||||||||| ||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct: 451  ataccgtcaaaattcttctctgagaaaagaagtttacaacccataggccttcatccttca 392 
                                                                         
 

Query: 1113 cgcggcattgctccgtcaggctttcgcccattgcggaaaattcctcactgctgcctcccg 1172 
            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct: 391  cgcggcattgctccgtcaggctttcgcccattgcggaaaattcctcactgctgcctcccg 332 
 
 

Query: 1173 tagcgagtctgggccgtgtctcagtcccagtgtggctgatcatcctctcagaccagctac 1232 
            ||| |||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct: 331  tag-gagtctgggccgtgtctcagtcccagtgtggctgatcatcctctcagaccagctac 273 
 
 

Query: 1233 tgatcattgccttgggtaagccactacctcaccaacaagctaatcaggcgccaagcccat 1292 
            ||||||||||||| ||||||||| ||||||||||||||||||||||| || ||||||||| 
Sbjct: 272  tgatcattgcctt-ggtaagccattacctcaccaacaagctaatcagccg-caagcccat 215 
 
 

Query: 1293 gctcttgggcgattttcatcttttcacttctcaggactacgaggtattaggcatcgtttt 1352 
             ||||| ||||||||||||| ||||||||||||| | ||||||||||||| ||||| ||| 
Sbjct: 214  -ctctt-ggcgattttcatc-tttcacttctcagcaatacgaggtattagccatcg-ttt 159 
 
 

Query: 1353 ccaatggt 1360 
            |||||||| 
Sbjct: 158  ccaatggt 151 
 

Figure 4.28 Result of homology comparison between 16S rDNA of Chlorella sp.NJ 26 
( TISTR 8852) and data in GenBank. 
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Figure 4.29 16S rDNA sequence of Scenedesmus  sp.NJ 8 (TISTR 8859). Sequences of 
primers are shown in boxes. 
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Query= NJ8_com (1470 letters) 

                                                Score    E 
Sequences producing significant alignments:                      (bits) Value 
 
gi|15011445|gb|AF394206.1|AF394206  Scenedesmus obliquus 16S...  1907   0.0    
gi|28881833|emb|AJ548895.1|USC548895  uncultured Scenedesmus...  1372   0.0    
gi|28881832|emb|AJ548894.1|USC548894  uncultured Scenedesmus...  1150   0.0    
gi|28881831|emb|AJ548893.1|USC548893  uncultured Scenedesmus...   971   0.0    
gi|22266264|emb|AJ427435.1|UAL427435  Uncultured algae chlor...   942   0.0    

Alignments 
 

>gi|15011445|gb|AF394206.1|AF394206   Scenedesmus obliquus 16S ribosomal 
RNA gene, partial sequence; 
            chloroplast gene for chloroplast product 
          Length = 1220 
 
 Score = 1907 bits (962), Expect = 0.0 
 Identities = 1167/1213 (96%), Gaps = 21/1213 (1%) 
 Strand = Plus / Minus 
                                                                         
Query: 187  atgcaggcgagttgcagcctacaatctgaactgaggctaagtttgctagattcgcttccc 246 
            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct: 1217 atgcaggcgagttgcagcctacaatctgaactgaggctaagtttgctagattcgcttccc 1158 
 
                                                                         
Query: 247  ctcgcgggttcgctgcctattgtcttagccattgtattacgcgtgtagcccaggatgtaa 306 
            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct: 1157 ctcgcgggttcgctgcctattgtcttagccattgtattacgcgtgtagcccaggatgtaa 1098 
 
                                                                         
Query: 307  ggggcatgctgacttgacgtcatcctctccttcctccggtttacaccggcagtctcttta 366 
            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct: 1097 ggggcatgctgacttgacgtcatcctctccttcctccggtttacaccggcagtctcttta 1038 
 
 
Query: 367  gagttcctaaaaaaggttttaactaaagacaagggttgcgctcgttagaagacttcaccg 426 
            |||||||   ||| ||||||||||||||||||||||||||||||||||||||||| ||   
Sbjct: 1037 gagttcc---aaatggttttaactaaagacaagggttgcgctcgttagaagacttaactc 981 
 
 
Query: 427  ttc-cgtcacggctacgagcatgacgaca-ccatgcaccaccgtgatgtccaggctccta 484 
            | | | ||||||| |||||| |||||||| |||||||||||| || |||||||| ||||| 
Sbjct: 980  tacacctcacggc-acgagc-tgacgacagccatgcaccacc-tg-tgtccaggttccta 925 
                                                                         
 
Query: 485  aaaaaggcaccaatctatctctagaaagttcctggcatgtcaatccctggtaaggttctt 544 
            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct: 924  aaaaaggcaccaatctatctctagaaagttcctggcatgtcaatccctggtaaggttctt 865 
 
 
Query: 545  cgtgtatcatcgaattaaaccgcataatccaccgcttgtgcgggtccccgttcaattcct 604 
            |||||||||||||||||||||||||||||||||| |||||||||||||||| |||||||| 
Sbjct: 864  cgtgtatcatcgaattaaaccgcataatccaccg-ttgtgcgggtccccgt-caattcct 807 
 
 
Query: 605  ttgagtttcactcttgcgagcatactccccaggcgggatacttaacgcgttagctacagc 664 
            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct: 806  ttgagtttcactcttgcgagcatactccccaggcgggatacttaacgcgttagctacagc 747 
 
 
Query: 665  actgtttt-gacagcacttagtatccatcgtttacggttaggactacaagggtatctaat 723 
            |||||||| |||||||||||||||||||||||||| |||||||||||||||||||||||| 
Sbjct: 746  actgtttttgacagcacttagtatccatcgtttacagttaggactacaagggtatctaat 687 
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Query: 724  ccgtttnnnnnnnttaactttcaatctctcagtgctcagtcacggcccagtagagcgctt 783 
            || |||        ||||||||| |||||||||| ||||| ||||||||| ||||||||| 
Sbjct: 686  ccttttcgctcccctaactttca-tctctcagtg-tcagttacggcccagaagagcgctt 629 
 
 
Query: 784  tcgccactggtgttcttccttatctctatgcatttcaccgctaaacaaggaattccctct 843 
            |||||| ||||||||||||||||||||||||||||||||| ||||||||||||||||||| 
Sbjct: 628  tcgccaatggtgttcttccttatctctatgcatttcaccg-taaacaaggaattccctct 570 
                                                                         
 
Query: 844  acccctaccgtactcaagtctctaagtactcaactgcttggccaaagttgagctctggga 903 
            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct: 569  acccctaccgtactcaagtctctaagtactcaactgcttggccaaagttgagctctggga 510 
 
                                                                         
Query: 904  tttaacagttgactttagaaaccacctacagatgctttacgcccaatcattccggacaac 963 
            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct: 509  tttaacagttgactttagaaaccacctacagatgctttacgcccaatcattccggacaac 450 
 
 
Query: 964  gcttgcgccctctgtattaccgcggctgctggcacagcagtagccggcgcttat-cctta 1022 
            |||||| |||||||||||||||||| ||||||||||| ||||||||| |||||| ||||| 
Sbjct: 449  gcttgcaccctctgtattaccgcgg-tgctggcacag-agtagccggtgcttattcctta 392 
 
 
Query: 1023 agctaccgtcatttattcttccttaagaaaagaggtttacacaccacgagtgcttcatcc 1082 
            || |||||||||| ||||||||||||||||||||||||||||||||||| |||||||||| 
Sbjct: 391  ag-taccgtcattgattcttccttaagaaaagaggtttacacaccacga-tgcttcatcc 334 
                                                                         
 
Query: 1083 ctcacgcggtattgctccatcaggctttcgcccattgtggaaaattccccactgctgcct 1142 
            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct: 333  ctcacgcggtattgctccatcaggctttcgcccattgtggaaaattccccactgctgcct 274 
                                                                         
 
Query: 1143 cccgtaggagtctgggccgtgtctcagtcccagtgtggctgatcatcctctcagaccagc 1202 
            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct: 273  cccgtaggagtctgggccgtgtctcagtcccagtgtggctgatcatcctctcagaccagc 214 
                                                                         
 
Query: 1203 tactgatcgtcgcctagg-aggcctttacccccaccaactagctaatcagacgcaagcct 1261 
            ||||||||||||||| || ||||||||||||||||||||||||||||||||||||||||| 
Sbjct: 213  tactgatcgtcgccttgggaggcctttacccccaccaactagctaatcagacgcaagcct 154 
                                                                         
 
Query: 1262 ctctcttggcagttttcacttttagctcctcagcattatggggtattagcagcagtttcc 1321 
            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct: 153  ctctcttggcagttttcacttttagctcctcagcattatggggtattagcagcagtttcc 94 
                                                                         
 
Query: 1322 cgctgttatcccccaccaaaaggtaagttcttacgcattactcacccgtccgccactgca 1381 
            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct: 93   cgctgttatcccccaccaaaaggtaagttcttacgcattactcacccgtccgccactgca 34 
                          
 
Query: 1382 atctatctttccg 1394 
            ||||| ||||||| 
Sbjct: 33   atctacctttccg 21 

 
Figure 4.30 Result of homology comparison between 16S rDNA of Scenedesmus sp. NJ8  
(TISTR 8859) and data in GenBank. 
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Protein Profiles 
 Figure 4.31 showed growth curves of Synechococccus sp. NJ 7 (TISTR 8867) 
cultured in BG-11, Chlorella sp. NJ26 (TISTR 8852) and Scenedesmus sp. NJ 8(TISTR 
8859) cultured in BBM medium at 150 rpm, 38-42° C  and 1000 lux. Mid log phase cells 
were obtained after cultivation for 7 days. Their intracellular protein profiles were shown 
in Figure 4.32. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.31  Growth curves of Synechococcus sp. NJ 7 (TISTR 8867) cultured in BG-11 , 
Chlorella  sp. NJ 26 (TISTR 8852), and Scenedesmus sp.NJ 8 TISTR 8859 cultured in 
BBM medium at 150 rpm, 38-42° C  and 1000 lux. Mid log phase cells were obtained 
after cultivation for 7 days. 
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Figure 4.32  SDS-PAGE of intracellular protein profiles of Mid-log(M), Early stationary 
phase (E) and Late stationary phase cells (S) of  Synechococcus sp. NJ 7 (TISTR 8867), 
Chlorella sp.NJ 26 (TISTR 8852) and Scenedesmus sp.NJ 8 (TISTR 8859).  
 
 Intracellular protein profiles of the prokaryotic Synechococcus sp. NJ7 (TISTR 
8867) and eukaryotic Chlorella sp. NJ26 (TISTR 8852) and Scenedesmus sp. NJ8 
( TISTR 8859) indicated that polypeptide patterns from cells of different stages of growth 
of the three strains were the same. However, some polypeptides such as the 43 kDa, the 
46 kDa, the 23 kDa may be specific for Synechococcus sp. NJ7 (TISTR 8867)  Chlorella 
sp. NJ26 (TISTR 8852) and Scenedesmus sp. NJ8 (TISTR 8859) respectively. In addition, 
the 22 kDa polypeptide was more abundant in Synechococcus sp. NJ7 (TISTR 8867) and 
Scenedesmus sp. NJ8 (TISTR 8859) while polypeptides 16.5 kDa, 15 kDa, 14 kDa were 
more abundant in Chlorella sp. NJ26 (TISTR 8852).  

Synechococcus sp.NJ7 Chlorella sp.NJ26 Scenedesmus sp.NJ8 

46.0 kDa 

23.0 kDa 

16.5  kDa 

43.0 kDa 

15.0  kDa 14.0  kDa 

22.0 kDa 



 

CHAPTER V 
 

DISCUSSION 
 

The isolation of just one strain of Synechococcus sp. NJ7(TISTR 8867) from 
freshwater ponds at the Clock Tower and the Physics building, Chulalongkorn University 
(Table 4.1, Figures 4.1 and 4.2) was not as expected. Many isolates of Synechococcus 
spp. had been reported from hot springs, in the Northern part of Thailand. Sompong et 
al.(2005) reported the presence of three Synechococcus spp. (S. lividus, S. 
bigranulatus and Synechococcus sp.) in hot springs in nine districts of Chiangmai in the 
Northern part of Thailand. The most abundant forms which dominated in the 60°C - 
80°C rang were Synechococcus sp. and S. lividus while all the three Synechococcus 
spp. were found across the 40°C - 80°C temperature range.   

It remains to be seen if more Synechococcus sp. isolates are obtained from 
extreme environments such as hot springs and marine environments when compared to 
freshwater bodies. More freshwater Synechococcus strains could lead to molecular 
characterization which, in turns, would lead to comparisons of genotypes or ecotypes of 
Synechococcus spp. found in mild and in extreme environments. Sompong et al. (2005) 
stated that genotypic characters are more sensitive measures of diversity in 
cyanobacteria compared to morphotypic characters or morphotypes.   
 Different RAPD-PCR fingerprints for Chlorella spp. and Scenedesmus spp. 
isolates of similar morphology indicated there were cryptic species in these micro-algae.  
 It is of interest to note that pure cultures of cyanobacteria and micro-algae 
obtained were either unicellular (Synechococcus sp., Chlorella spp.) or colonial type 
which at times were unicellular (Scenedesmus spp.) Figures 4.11 showed colonial 
Scenedesmus spp. which became unicellular upon prolonged growth. It is envisaged 
that unicellular cells render themselves isolatable while filamentous strains are relatively 
harder to isolate as pure cultures. The reason is because of more surface area for 
attachment by contaminating bacteria. Future work could include the use of finely-drawn 
Pasteur pipettes for single cell isolation and repeated washings in order to isolate 



 

cyanobacteria and micro-algae of diverse morphologies. RAPD-PCR fingerprints with 
the set of primers normally used to determine 16S rDNA sequence of E. coli yielded 
satisfactory results. Isolates with similar morphology could be determined if they were 
the same strains based on identical RAPD-PCR fingerprints. However, 16S rDNA 
sequences could not be used to identify the strains of Synechococcus sp. NJ7 ( TISTR 
8867), Chlorella sp. NJ26 (TISTR 8852), Scenedemus sp. NJ8 (TISTR 8859) due to the 
unavailability of full sequences deposited at GenBank. Fox et al, (1992) reported that 
sequence analysis of the 16S rRNA gene was a powerful method for assigning strains to 
species, provided 16S rDNA sequences of the species were deposited in the database. 
Homology comparisons with 16S rDNA sequences in GenBank indicated that the 
sequences obtained were the first reported of full 16S rDNA sequences for 
Synechococcus sp. NJ7 ( TISTR 8867), Chlorella sp. NJ26 (TISTR 8852), Scenedemus 
sp. NJ8 (TISTR 8859). The sequences will soon be deposited with GenBank.  
 Based on the collage of RAPD-PCR fingerprints of all the 16 isolated strains as 
shown in Figures 4.20-4.23 , no DNA fragment specific to each of the genera was 
detected. In addition all the isolated strains were not Synechococcus sp. NIES-946, 
Chlorella vulgaris var. vulgaris NIES-686, Scenedesmus dimorphus NIES-93 which were 
reference strains obtained from the Institute for Environmental studies (NIES), Japan. 
 All of 16 isolated strains are available from both the Bangkok MIRCEN 
(Microbiological Resources Center) and the Department of Microbiology, Faculty of 
Science, Chulalongkorn University. When the strains are requested, both the strains and 
their RAPD-PCR fingerprints will be distributed. The RAPD-PCR fingerprints will be 
useful for industries to keep track on changes in genetic materials of the algal strains 
upon industrial utilization. 
 RAPD-PCR fingerprints could be used in monitoring changes in genetic 
materials of these cyanobacterium and micro-algae upon storage or continuous uses. 
The 16S rDNA sequence data obtained will be useful for the determination of cryptic 
species in Synechococcus spp., Chlorella spp., and Scenedesmus spp. N-terminal 
amino acid sequences of polypeptides such as the 46 and 16.5 kDa may lead to the 
design of primers specific for the detection of Chlorella spp. and eukaryotic micro-algae 
respectively. 
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CHAPTER VI 
 

CONCLUSION 
 

In conclusion, RAPD-PCR fingerprints of 1 Synechococcus sp. strain, 9 Chlorella 
spp. strains, and 6 Scenedesmus spp. strains were obtained as summarized in this 
chapter.  
 Three 16S rDNA sequences and SDS-PAGE intracellular protein profiles of 
mid-log, early stationary and late stationary phases cells  of the following strains were 
obtained: Synechococcus sp. NJ7 (TISTR 8867), Chlorella sp. NJ26 (TISTR 8852) and 
Scenedesmus sp. NJ8 (TISTR 8859). The complete 16S rDNA sequences were the first 
reported full sequences which will be deposited with GenBank. The protein profiles 
indicated a 46 kDa polypeptide may be specific for Chlorella spp.and a 16.5 kDa 
polypeptide may be specific for eukaryotic Chlorella spp. and Scenedesmus spp. 
 The isolated strains deposited with Bangkok MIRCEN were given TISTR codes 
as indicated in the following summary. 
Synechococcus sp. NJ7 (TISTR 8867) 
Morphology in BG-11 at 25°C   
           
         
 
 
 
 
              3 days                 6 days          9 days                         12 days 
RAPD-PCR  fingerprints 
          CRL-7                           27f                      343r           1100r           1492r
  
 
 
 
 
 



Chlorella sp. NJ26 (TISTR 8852) 
Morphology in BG-11 at 25°C   
 
 
 
 
           
  3 days     6 days      9 days                        12 days 

RAPD-PCR  fingerprints 
          CRL-7                          27f                       343r           1100r               1492r 
          
 
                                                                           
 
 
                                                                                              
                                                                                            
                                                                                                                       
 
 
 
 
 
Chlorella sp. NJ5 (TISTR 8853) 
Morphology in BG-11 at 25°C   
 
  
 
 
 
 

               3 days               6 days  9 days                       12 days 
RAPD-PCR  fingerprints 
        CRL-7                           27f                      343r           1100r               1492r 
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Chlorella sp. NJ29 (TISTR 8854)  
Morphology in BG-11 at 25°C   
  
 
 
 
 
 
 

              3 days                6 days                9 days                          12 days 
RAPD-PCR  fingerprints 
        CRL-7                          27f                     343r            1100r               1492r 
   
   
 
 
 
                                                                                                                
                                                                                                                                                  
 
 
 
 
 
 
 
 
Chlorella sp. NJ43 (TISTR 8855)  
Morphology in BG-11 at 25°C   
             
 
 
 

              3 days               6 days                           9 days                          12 days 
RAPD-PCR  fingerprints 
    CRL-7                             27f                      343r         1100r               1492r 
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Chlorella sp. NJ9 (TISTR 8856) 
Morphology in BG-11 at 25°C   
           
 
 
 
 
 
 

             3 days                            6 days         9 days                          12 days 
RAPD-PCR  fingerprints 
        CRL-7                          27f                           343r                         1100r               1492r 
 
           
                                                                                                                             
 
 
 
                                             
                                                                                  
 
                                                                                                             
 
                                     
 
 
Chlorella sp. NJ34 (TISTR 8857) 
Morphology in BG-11 at 25°C   
 
 
           
            
               3 days            6 days     9 days                        12 days 
RAPD-PCR  fingerprints 
         CRL-7                          27f           343r                          1100r                1492r 
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Scenedesmus sp. NJ8 (TISTR 8859) 
Morphology in BG-11 at 25°C   
 
           
  
 
 
 
 
              3 days                 6 days                  9 days                        12 days 
RAPD-PCR  fingerprints 
         CRL-7                          27f                       343r                1100r                1492r 
         
      
    
 
      
 
 
           
 
 
 
 
 
 
 
Scenedesmus sp. NJ39 (TISTR 8858) 
Morphology in BG-11 at 25°C   
  

 
           
      
 

           3 days                          6 days                           9 days                          12 days 
RAPD-PCR  fingerprints 
         CRL-7                          27f                       343r                        1100r                 1492r 
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Scenedesmus sp. NJ42 (TISTR 8860) 
Morphology in BG-11 at 25°C   
 
           
  
 

              3 days                           6 days    9 days                        12 days 
RAPD-PCR  fingerprint 
         CRL-7                          27f                          343r                         1100r               1492r 
           
           
   
 
           
        
 
 
   
Scenedesmus sp.NP6 (TISTR 8861) 
Morphology in BG-11 at 25°C  
 
        
 
 

           3 days                            6 days                             9 days                            12 days 
RAPD-PCR  fingerprints 
         CRL-7                          27f                       343r              1100r                1492r 
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Scenedesmus sp. NP2 (TISTR 8862) 
Morphology in BG-11 at 25°C   
 

 
 
 
 

            3 days                             6 days         9 days                          12 days 
 

RAPD-PCR  fingerprints 
          CRL-7                          27f                        343r             1100r                 1492r 
 
       
          
   
           
 
 
 
Scenedesmus sp. NJ14 (TISTR 8863) 
Morphology in BG-11 at 25°C   
 

        
 
 
 

              3 days                 6 days                              9 days                          12 days 
 

RAPD-PCR  fingerprints 
           CRL-7                          27f                        343r              1100r                1492r
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Scenedesmus sp. NJ23 (TISTR 8864) 
Morphology in BG-11 at 25°C   
 

           
   
 
 

             3 days                          6 days                              9 days                        12 days 
 

RAPD-PCR  fingerprints 
           CRL-7                         27f                       343r             1100r               1492r 
           
           
           
      
 
        
 
 

 
Scenedesmus sp. NJ40 (TISTR 8865) 
Morphology in BG-11 at 25°C   
 
           
  
 

          3 days                           6 days                   9 days                                 12 days 
RAPD-PCR  fingerprints 
           CRL-7                         27f                           343r                1100r               1492r
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Scenedesmus sp. NJ45 (TISTR 8866) 
Morphology in BG-11 at 25°C   
 

 
        
            
 

            3 days                            6 days                               9 days                          12 days 
 

RAPD-PCR  fingerprints 
            CRL-7                         27f                        343r                        1100r               1492r
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Appendix A 
 

CYANOBACTERIA AND MICRO-ALGAE GROWTH MEDIA 
 
 

BG-11 medium (Rippka et al,1979) 
Trace metal mix A5  
 H3BO3                    2.86   mg 
MnCl2.4H2O                  1.81    mg 
ZnSO4.7H2O                  0.222  mg 
Na2MoO4.2H2O       0.390  mg 
CuSO4.5H2O                  0.079   mg 
Co(NO3)2.6H2O                  0.050   mg 
Deionized water      1 liter 
NaNO3                                          1.5       g 
K2HPO4                  0.04     g 
MgSO4.7H2O                     0.075   g 
CaCl2.2H2O                  0.036   g 
Citric acid                   0.006   g 
Ferric ammonium citrate      0.006   g 
EDTA (disodium ma0.001gnesium salt)   0.001   g 
Na2CO3        0.02     g 
Trace metal mix A5                                                         1.00    ml 
Deionized water       1 liter 

 



 

pH of medium was adjusted to 7.4 with 0.1 N NaOH. The medium was autoclaved 
at 121°C for 15 min. 
 

Bold’s Basal Medium (BBM) (stein, 1973) 
 

Trace metal mix A5                                                        1 ml      
 H3BO3                    2.86    mg 
MnCl2.4H2O                  1.81     mg 
ZnSO4.7H2O                  0.222   mg 
Na2MoO4.2H2O       0.390   mg 
CuSO4.5H2O                  0.079   mg 
Co(NO3)2.6H2O                  0.050   mg 
Deionized water      1 liter 
KH2PO4                                     0.175 g 
CaCl2.2H2O             0.025 g             
MgSO4.7H2O                         0.075 g 
NaNO3                                      0.250 g 
K2HPO4                                      0.075 g 
NaCI                    0.025 g 
Na2EDTA                     0.010 g 
KOH                                           6.2   mg 
FeSO4.7H2O                                4.98 mg 
H2SO4(conc.)                              1       µl 
Deionized water     1 liter 

 

pH of medium was adjusted to 6.8 with 0.1 N NaOH. The medium was autoclaved 
at 121°C for 15 min. 
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Appendix B 
 

CHEMICALS AND SOLUTIONS 
 

 

1. Solutions for DNA extraction (Gibco BRL) 
 

TE buffer (10 mM Tris-HCl, 1 mM EDTA. pH 7.5) 
0.12 g Tris-HCl, 0.037 g EDTA were  added to distilled water. The final volume was 
made to 100 ml. 0.1 N NaOH was used to adjust pH to 8.0 before autoclaving at 
121°C for 15 min. 

10% SDS 
      Dissolve 10 g SDS in 90 ml water with gentle stirring and bring to 100 ml with distilled 
water 
Phenol:Chloroform:Isoamyl alcohol  25: 24: 1 (v/v/v) 
3 M Sodium acetate 
    24.61 g Sodium acetate was added 100 ml distilled water. 
Absolute ethanol 
70% Ethanol 
     

2. Solutions for SDS-PAGE (Bio-rad) 
 

Stock solutions 
 

A. Acrylamide/bis (30% T, 2.67%C) 
     87.6 g acrylamide (29.2 g/100 ml) 
     2.4 g N'N'-bis-methylene-acrylamide (0.8 g/100 ml) 
     Make to 300 ml with deionized water. Filter and store at 4°C in the dark (30  
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     days maximum). 
 

B. 1.5 M Tris-HCI, pH 8.8 
     27.23 g Tris base (18.15 g/100 ml) 
     80 ml deionized water  

           Adjust to pH 8.8 with 6N HCI. Make to 150 ml with deionized water and store at 
4°C 

C. 0.5 M Tris-HCI, pH 6.8 
          6 g Tris base 
          60 ml deionized water 

Adjust to pH 6.8 with 6N HCI. Make to 100 ml with deionized water and store at 
4°C 

D. 10% SDS 
Dissolve 10 g SDS in 90 ml water with gentle stirring and bring to 100 ml with 
ddH2O 

 

E. Sample buffer (SDS reducing buffer) (store at room temperature) 
Deionized water    3.8 ml 
0.5 M Tris-HCI, pH 6.8                1.0 ml 
Glycerol      0.8 ml 
10% (w/v) SDS     1.6 ml 
2-mercaptoethanol      0.4 ml 
1 % (w/v) bromophenol blue   0.4 ml 
Dilute the sample at least 1:4 with sample buffer, and heat at 95°C for 4 minutes 

 

F. 5X electrode (running buffer), pH 8.3 
Tris base     9.0 g   (15 g/l) 
Glycine              43.2 g   (72 g/l) 
SDS                 3.0 g             (5 g/l) 
Make to 600 ml with deionized water. 
Store at 4°C. Warm to room temperature before use if precipitation occurs. Dilute 
60 ml 5X stock with 240 ml deionized water for one electrophoretic run. 
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G. 10% Ammonium persulphate 
One milliliter of aqueous 10% (w/v) Ammonium persulphate stock solution was 
prepared and stored at 4 C. Ammonium persulphate decomposes slowly, and 
fresh solutions were prepared weekly. 

 

 
 
H. Protein molecular weight standard (Bio-rad) 

Rabbit muscle phosphorylase b         97 kDa 
Bovine serum albumin (BSA)              66 kDa 
Hen egg white ovalbumin                   45 kDa 
Ovine carbonic anhydrase                 31 kDa 
Soybean trypsin                                  21 kDa 
Hen egg white lysozyme                     14 kDa 
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Appendix C 
 

16S rDNA SEQUENCES 
 

• First determination for Synechococcus sp. NJ7 (TISTR 8867) 
                                       Chlorella sp. NJ26  (TISTR 8852)  
                                Scenedessmus sp. NJ8 (TISTR 8859) 
 
• Second determination for Synechococcus sp. NJ7 (TISTR 8867) 
                                            Chlorella sp. NJ26 (TISTR 8852) 
                                    Scenedessmus sp. NJ8 (TISTR 8859) 
 
• Comparison between sequences obtained from two determinations 
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