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การหาลําดับเบสของชิ้นสวนยีน 16S rRNA (16S rDNA) เปนวิธีที่ใชกันอยางแพรหลายในการ

จําแนกสปชีสของเชื้อมัยโคแบคทีเรียในสิ่งสงตรวจ ความลมเหลวของการเพิ่มปริมาณ DNA ดวยเทคนิค PCR 
มักจะเกิดจากสารยับยั้ง (inhibitors) ในปฏิกิริยา การเพิ่มจํานวนชิ้นสวน 16S rDNA จากตัวอยางเลือดที่เพาะ
เล้ียงในอาหารเหลวในเบื้องตนก็ลมเหลวเนื่องมาจากสาเหตุเดียวกัน ไดใชวิธีแยกและสกัด DNA 5 วิธีเพื่อกําจัด
สารยับยั้ง พบวา การใชดางชะลางประกอบกับการใชความรอนแยกสลายเชื้อมัยโคแบคทีเรีย (alkali wash with 
heat lysis) ใหผลเปนอยางดี เปรียบเทียบผลการทดลองของการหาลําดับเบสของชิ้นสวน 16S rDNA กับวิธีที่ใช
อยูเปนประจํา (conventional method) และการใช AccuProbe จาก 381 ตัวอยางของเลือดที่เพาะเลี้ยงใน
อาหารเหลวใน MB/BacT พบสัญญาณบวก 73 ตัวอยาง (19.16%) 69 ตัวอยางที่สัญญาณบวกพบการเจริญ
ของเชื้อที่ติดสีทนกรด (acid fast bacilli positive) และ 4 ตัวอยางใหผลลบกับการยอมสีทนกรด (acid fast 
bacilli negative) จาก 69 ตัวอยางที่พบเชื้อติดสีทนกรด 66 ตัวอยางสามารถจําแนกเชื้อได 67 isolates และ 3 
ตัวอยางไมสามารถเพาะเลี้ยงเชื้อไดบนอาหารแข็ง วิธีที่ใชอยูเปนประจํา และ AccuProbe สามารถจําแนกเชื้อ  
เปน  4 สปชสี คือ M. tuberculosis, M. avium complex, M. scrofulaceum และ M. simiae เชื้อที่เจริญบน
อาหารแข็ง 4 ตัวอยางไมสามารถจําแนกสปชีสได และ 1 ตัวอยางใหผลการทดสอบผิดพลาด การหาลําดับเบส
ของชิ้นสวน 16S rDNA ไดผลการทดสอบเปน 9 สปชีส คือ M. tuberculosis complex, M. avium, M. 
intracellulare, M. scrofulaceum, M. simiae, M. ulcerans, M. haemophilum, M. interjectum  และ M. 
triplex  ผลการจําแนกสปชีสดวยวิธีการดังกลาวใหผลที่สอดคลองกันยกเวน 1 isolate คือ วิธีที่ใชอยูเปนประจํา
ใหผลเปน M. xenopi ขณะที่ผลการทดสอบดวยการหาลําดับเบสของชิ้นสวน 16S rDNA ใหผลเปน M. 
scrofulaceum ทั้งนี้เปนส่ิงที่พบไดเนื่องจาก M. scrofulaceum และ M. xenopi มีลักษณะปรากฏที่คลายคลึง
กัน 

 การศึกษาครั้งนี้พบวา การหาลําดับเบสของชิ้นสวน 16S RDNA เพื่อจําแนกสปชีสของเชื้อมัยโค
แบคทีเรีย เปนวิธีการที่นาเชื่อถือ มีความรวดเร็ว (ใหผลการทดสอบภายใน 3 วัน) แมนยํา และสามารถนํามา
ประยุกตใชในงานประจําของหองปฏิบัติการที่ทันสมัยได 
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PCR sequencing of the gene coding for 16S rRNA (16S rDNA) is a well established method 

used to identify mycobacteria in clinical samples. A common technique problem with PCR is  
amplification failure due to the presence of PCR inhibitor (s). Initial attemp to amplify mycobacterial 
16S rDNA from hemocultures failed because of this reason. Five DNA extraction methods were used 
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CHAPTER I 
 

INTRODUCTION 
 
 Disease’s caused by species of the genus Mycobacterium are major sources 
of morbidity and mortality in the world today, particularly in developing and 
tropical country (1,2,3). Tuberculin surveys have shown that it is likely that one 
third of the world’s population has been infected with the tubercle bacillus. There 
are approximately 100 million new cases of TB (4,5). World Health Organization 
announced in 1994, about 3 millions people died of tuberculosis and, unless 
global control programs are adequately funded and developed, this mortality rate 
could rise to 4 millions annually by the year 2004 (6).  
 
 Since the mid-1980s it has been evidenced that the HIV/AIDS pandemic is 
having devastating effect on the prevalence of tuberculosis. About 50 percents of 
HIV-positive persons infected with the tubercle bacilli develop the disease over a 
life span. Thus some 8 percents of HIV-positive individuals infected by the 
tubercle bacillus develop overt tuberculosis annually, a 20-fold higher rate than in 
the HIV-negative groups (7). 
 
 The emergence of AIDS epidemic and the growing rate of iatrogenic 
immunosuppression have rapidly increased the incidence of disease caused by 
nontuberculous mycobacteria (NTM), such as Mycobacterium avium complex, 
Mycobacterium terrae complex, Mycobacterium fortuitum and Mycobacterium 
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chelonae (8,9,10). In United States Mycobacterium tuberculosis, Mycobacterium 
bovis, Mycobacterium avium complex and Mycobacterium kansasii acount for   
> 90 %  of pathogenic mycobacterial isolate recover in public health laboratory 
(11). They cause disease mainly in patients with previous tuberculosis or pre-
existing lung disease in apparently healthy individual and can cause life-
threatening infections in immunocompromised patients. The significance of 
isolation of NTM in the laboratory often remains unclear. Infections caused by 
NTM often require different treatment regimens. Diseases caused by NTM are 
relatively resistant to anti-tuberculous chemotherapy, which make species 
identification and sensitivity testing crucial in treatment of such infection 
(12,13,14). 
  
 Routine diagnostics of mycobacterial infection in clinical sample is based 
on the presence of acid-fast-stained bacilli on microscopy and is confirmed by 
culture and biochemical testing. However, microscopy is hampered by a low 
sensitivity and does not contribute to species diagnosis. In addition, many culture 
are slowly growing and identification to the species level can take up to 4-8 
weeks (15). A combination of solid and liquid media is currently regarded as a 
“gold standard” for primary isolation of mycobacteria, and turnaround times are 
not exceeding 21-30 days after specimen collection (16,17). Furthermore, 
biochemical identification is based on phenotypic characteristics and may not be 
highly reproducible. The limited number of species in the phenotypic 
characteristics data base further restricts the method (18). 
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 Recently developed techniques provide more reliable means of species 
identification in comparison with conventional testing. High performance liquid 
chromatography (HPLC) and gas liquid chromatography (GLC) which are used 
to differentiate species by lipid analysis are rapid but need standardized growth 
condition (19,20). AccuProbe (Gen-Probe, Inc., San Diego, Calif.) is an ideal 
choice for the rapid detection of M. tuberculosis, M. avium complex, M. kansasii 
and M. gordanae but requires a well-grown culture and testing with several 
probes and covers only a narrow range of mycobacterial species (21,22). PCR-
restriction fragment length polymorphism analysis of the hsp65 gene is relatively 
new technique that is increasingly being used for the differentiation of 
mycobacteria (23,24). Sequence-based identification, such as with the 16S rRNA 
(15,25,26,27), recA (28), rpoB (29), or dnaJ (30) gene is more definitive and 
allow analyses of phylogenic relationships. 
 
 The 16S rRNA gene is the most widely accepted gene used for bacterial 
identification. It has contributed greatly to the discovery of new species of the 
Mycobacterium genus, and it continues to serve as an important tool as an 
alternative to phenotypic identification method (31,32,33). The direct sequencing 
of amplified DNA from the 16S rRNA gene of Mycobacterium carries 2 
hypervariable domains that correspond to E. coli positions 129-267 and 430-500 
(18,26,27). These domains contain species-specific sequence that can be used to 
identify, to the species level, almost all mycobacteria of clinical relevance.     
 
 The methods of identification in current use require cultured mycobacteria. 
Culture from clinical samples is hampered by the slow growth of mycobacteria. 
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Inoculation on solid media requires a mean incubation time of 4 weeks before 
sufficient growth is obtained to enable identification to begin, while the use of 
liquid cultures improves the clinical laboratory’s ability to isolate mycobacteria 
more rapidly and also increases the recovery rate of mycobacterial isolation. 
More rapid methods for the identification of cultured mycobacteria are the 
analysis of lipid composition, the use of species-specific DNA or RNA probes, 
restriction fragment length polymorphism (RFLP) determination and DNA 
sequence analysis of certain amplified genes. 
 
 The 16S rRNA genes has been identified as a target which allows the 
detection and identification of mycobacteria by using polymerase chain reaction 
amplification. Sequence analysis of the amplified 16S rRNA gene has been 
employed for species identification of mycobacteria in clinical specimens with 
several advantages such as the shorter turnaround time, high discrimination 
power for diffentiation and the ability to detect non-cultivable mycobacteria.  
 
 In this study, sequencing of the PCR amplified 16S rDNA fragments will 
be used for the detection and identification of mycobacteria in hemocultures. 
 
 
 



CHAPTER II 
 

OBJECTIVE 
 

1. To develop method for identification of mycobacteria from hemocultures 
by polymerase chain reaction (PCR) and sequencing technique. 
2. To study the prevalence of Mycobacterium species from hemocultures in 
King Chulalongkorn Memorial hospital. 
 
 

























































CHAPTER IV 
 

MATERIAL AND METHODS 
 

1. Patient and clinical specimens 
 Three hundreds eighty-one blood samples were collected from patients 
who were suspected of having disseminated mycobacterial infection from 
January to September 2000. Five-milliliters of peripheral blood were inoculated 
into MB/BacT blood culture bottle and examined with MB/BacT  240 instrument 
(Organon Teknika).  
 
2. Media and culturing methods 
 The MB/BacT system (Organon Teknika)  consists of a bottle containing 
basic broth Middlebrook 7H9 (0.47% w/v), casein (0.1% w/v), glycerol (1.0% 
w/v), and sodium polyanetholesulfonate (SPS) (0.025% w/v) in purified water. 
Bottles contain 29 ml of media and are prepared with an atmosphere of CO2 in 
oxygen under vacuum. 
 

Before specimen incubation, bottles were supplemented with 0.5 ml of 
MB/BacT blood culture bottles enrichment, which consists of bovine serum 
albumin (14.5% w/v), sodium chloride (2.5% w/v), oleic acid (0.174% w/v), and 
saponin (4.4% w/v) in purified water (43). 
  

After inoculation, bottles were introduced into MB/BacT TM 240 
instrument (Organon Teknika) and incubated at 37o C for 6 weeks. When 
MB/BacT blood culture bottles were flagged positive by the instrument, a growth 
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was regarded as positive and smear was made to confirm the presence of 
mycobacteria (43). 
 
3. Microscopy and subculturing 
 Smear were stained with Kinyoun’s method to detect mycobacteria. A total 
of 50 ul of specimen was used to subculture onto 1% Ogawa medium and 
incubated at 37o C for recovery of mycobacterial colonies. Ogawa slants were 
visually inspected for growth on the slant and smear from suspected colonies 
were made. 
 
4. Identification of mycobacteria 
 Routine biochemical methods and the AccuProbe culture confirmation test 
(Gen-probe Inc., San Diego, Calif) were employed for the identification of 
isolates. 
 
  4.1 Conventional biochemical test (35) 

4.1.1  Niacin accumulation test (paper strip method) 
4.1.1.1   Inoculum  
Culture ( > 3 week old) on solid medium showing heavy growth. 
4.1.1.2   Reagent 
Agent-impregnated paper test strips are commercially available(Niacin 

Test Strip; Remel, Lenexa, Kans.). 
4.1.1.3   Procedure 
The direction supplied with the strips should be followed. Sterile 

distilled water of 1.0 ml was added to the solid medium. The tube was placed  
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horizontally so that the fluid covers the entire surface, and left for al least 15 min 
for the extraction of niacin. The extract of 0.6 ml was removed to a 12-by 75-mm 
test tube. The strip was then inserted and the tube was sealed immediately. Then, 
left the tube for 15 min at room temperature, which occasion agitation. The result 
was observed the color of the liquid in the tube against a white background, 
which indicated positive as a yellow color in the liquid (not on the strip) . 

4.1.1.4    Control 
M. tuberculosis as positive control, and MAC and uninoculated  

medium as negative control    
 

4.1.2  Nitrate reduction 
4.1.2.1     Culture 
Culture on solid medium should be 3 to 4 weeks old except for rapid  

grower, which may to be 2 to 4 weeks 
4.1.2.2 Reagent 
(i) A 1:2 dilution of concentrated (HCl). (ii) 0.2% aqueous  

solution of sulfanilamide. (iii) 0.1% aqueous 0.01 M solution of NaNO3 in 0.002 
M phosphate buffer pH7 (Nitrate broth, Difco), (v) Powdered zinc. 

4.1.2.3 Procedure 
Steriled distilled water of a few drop was placed in a screw-capped 

tube (16 by125 mm). One loopful of mycobacterial growth was inoculated in the 
tube. NaNO3 solution 2 ml was added and the mixture was shaken and incubated 
for 2 h in a water bath at 37o C. Reagent ii of 1 drop, regent ii of 2 drops and 
reagent iii of 2 drops were added into the tube. The test was examined the 
solution immediately for the development  of a pink-to-red color contrasting with 
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the reagent control. The powder zinc was added to all the negative tubes to 
reduce nitrate to nitrite. 

     4.1.2.4  Control  
M. tuberculosis as positive control, and MAC and uninoculated  

medium as negative control    
 
 4.1.3  Urease ( Wayne method) 
     4.1.3.1    Inoculum  

   Active growing colonies from solid media 
4.1.3.2 Reagent 
Mix 1 part of urea agar base concentrate with 9 parts of sterile  

distilled water. Do not add agar. Dispense 4 ml amount into 16- by 125 mm 
screw-cap tubes, and store at 4o C.  

4.1.3.3 Procedure 
   A three-mm loopful of growth was emulsified in a tube of substrate and 

incubated for 3 days at 37o C. The test was observed  for a pink or red color as 
positive result. 

4.1.3.4 Control 
M. scrofulaceum as positive control and M. gordonae as negative  

control. 
  

4.1.4 Tween hydrolysis 
   4.1.4.1      Inoculum 
  Active growing colonies from solid media 
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4.1.4.2 Reagent 
(i) 100 ml of 0.067 M phosphate buffer (pH7), (ii) 0.5 ml of Tween  

80, (iii) 0.1% Aqueous neutral red. Mix the three reagents in order. Dispense this 
substrate in a 4 ml amount in 16-by 125 ml screw-cap tube, and autoclave at 121o 
C for 10 min. Store in the dark at 4o C for no more than 2 weeks. 

4.1.4.3 Procedure 
A three-mm loopful of growth was emulsified in a tube of substrate and 

incubated for 3 days at 37o C without shaken the tube. The tube was observed  for 
a pink or red color after 1, 5, and 10 day. The result was recorded the number of 
days required for the first appearance of pink or red color. A negative result was 
indicated by the substrate remaining amber-colored after 10 days. 

4.1.4.4 Control 
M. kansasii as positive control and MAC as negative control. 
 

4.1.5 Heat-stable (68o C) catalase test 
  4.1.5.1 Inoculm  
  Well-developed, isolated colonies from solid media 

4.1.5.2 Reagents 
Freshly prepared mixture of 10% Tween 80 and 30% H2O2. Phosphate buffer 
(0.067 M, pH6) 

4.1.5.3 Procedure  
   Several colonies was suspened in a 0.5 ml of phosphate buffer in a 

screw-cap tube. The tube was placed for 20 min in a 68o C water bath and left  at 
room temperature. Tween-H2O2 mixture was added of 0.5 ml in the tube and 
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observed bubbles (positive). The tube was hold for 20 min before discarding as 
negative. 

4.1.5.4 Control 
M. kansasii as positive control and M. tuberculosis as negative  

control. 
 

4.1.6 Sodium chloride tolerance 
  4.1.6.1 Inoculum 
  Barely turbid suspension 

4.1.6.2 Substrate 
Ogawa medium contain 5% NaCl. Ogawa without salt should be used  

for a control) 
4.1.6.3 Procedure 
Bacterial suspension of 1 ml was inoculated in the media, and  

incubated at 37o C. The culture was read the mycobacterial growth or no growth 
at 4 weeks. 

4.1.6.4 Control 
M. fortuitum as positive control (growth) and M. tuberculosis as  

negative control (no growth). 
 

4.1.7 Tellurite reduction 
    4.1.7.1      Inoculum 
    Several colonies were suspended in 5 ml of 7H9 broth. The tube was 

incubated for 7 days before test procedure. 
4.1.7.2 Reagent 
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A 0.2% aqueous solution (0.1 g in 50 ml distilled water) of potassium  

tellutite. Dispense in 2-to5 ml amounts, and autoclave. 
4.1.7.3 Procedure 
The tellurite solution of 2 drops was added to each culture, and incubated 

at 37o C. The cultures was examined daily for 4 days or more. A jet black 
precipitate was shown as positive result . 

4.1.7.4 Control 
MAC as positive control and M. kansasii as  negative control. 
 

  4.2   AccuProbe (Gen-Probe, Inc., San Diego, Calif.) (66) 
          The AccuProbe was performed according to the instructions supplied by 
the manufacturer. The protocol consisted the following steps. For lysis, one 
loopful of mycobacterial colonies was added to 200 ul of specimen dilution 
buffer in a lysing tube, and the mixture was sonicated for 15 min in a model 1200 
water bath sonicator (Branson Ultrasonics Corporation, Danbury, Conn.) at room 
temperature. Next step, the tube was incubated at 95o C for 15 min. 
Chemiluminescent acridinium ester-labeled DNA probes were used to 
specifically detect the mycobacterial DNA. One hundred microliters from the 
lysing tube were add to the reaction tube of specific probe and the tube was 
incubated at 60o C for 15 min in a water bath to allow hybridization. After 
addition of selection reagent (300 ul), the tube was vortex and incubate for an 
additional 10 min. After the tube was cooled at room temperature for at least 5 
min, the result was read in a luminometer. Sample producing signals greater than 
or equal  to the cutoff value 30,000 relative light units were considered positive 
and signal less than cutoff value were considered negative.   
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5. Preparation of DNA from hemocultures for analysis by PCR 
 Initially, hemocultures with flagged positive and Kinyoun smear positive 
for acid-fast bacilli were tested by PCR-sequencing. Flagged-negative 
hemocultures were discarded. 
 
 All methods for the preparation of mycobacterial DNA from positive 
hemocultures were performed in a class IIA biological safety cabinet, according 
to the biosafety guideline recommended by the Centers for Disease Control and 
Prevention (Atlanta, Ga.) for laboratory work with mycobacterial isolates. 
Samples for DNA extracts were stored at –20o C in a sealed container until they 
were required for PCR, and the addition of sample extracts to PCR reagent was 
performed in a class IIA biological safety cabinet different from the one used for 
DNA extraction of specimens. 
 
 One millilitre of positive hemoculture broth was transferred to 1.5 ml 
eppendorf tubes, and centrifuged at 12,000 x g for 5 min. The supernate was 
discarded and the pellet was collected for extraction of DNA. 
 
5.1 Pretreatment of hemocultures (64). 
  Lysis buffer consisting of 1% Triton X-100 in 20 mM Tris-HCl (pH 8.3) 
buffer was added to the pellet until a total volume of 1.5 ml was reached. The 
sample was centrifuged for 5 min at 12,000 x g and was again treated with lysis 
buffer and centrifuged. The supernatant was then removed and the pellet was 
collected for DNA extraction. 
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5.2 Extraction of DNA 
 In pilot study, twenty samples were processed with five DNA extraction 
methods to achieve the best method for preparation of mycobacterial DNA from 
hemocultures which each specimen was prepared all five methods. Statistical 
analyses were performed by Npar tests, McNemar test and Cochran test, when 
appropriate p values ≤ 0.05 were considered to be statistically significant. 
 
5.2.1 Method A: Lysis buffer method (65, 73) 

The pellet from positive hemocultures was washed once with 1% Triton 
X-100 solution containing 10 mM Tris-HCl (pH 8.0 ) and 1 mM EDTA, 
sonicated with ultrasonic bath for 15 min at room temperature and was then 
incubated in 150 ul of the same solution for 30 min at 100o C. After incubation, 
the sample tubes was centrifuged 12,600 x g for 3 min and 125 ul of the 
supernatant was transferred into another labelled tube and stored at –20o C until 
further used. 
 
5.2.2   Method B: Proteinase K and phenol-chloroform method (51) 
 Ten microlitres of Proteinase K solution (1 mg of proteinase K per ml, 5% 
Triton X-100, and 200 mM Tris-HCl [pH 8.3]; 10X) were added to the pellet 
from positive hemocultures and the mixture was incubated at 60o C overnight. 
The enzyme was inactivated by boiling for 15 min. The protein was extracted by 
adding 1 of total volume of phenol-chloroform-isoamyl alcohol (25:24:1) into the 
mixture and mixed extensively on the vortex mixer. The tube was centrifuged at 
12,000 rpm for 15 sec. The aqueous phase was transferred to a new eppendorf 
tube, followed by adding 1 volume of chloroform-isoamyl alcohol (24:1) and was 
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centrifuged at 12,000 rpm for 15 sec. Then, the aqueous phase was transferred to 
a new eppendorf tube, followed by adding 0.1 of total volume of 3M sodium 
acetate and 2 of total volume of cold absolute ethanol. The solution was mixed 
and DNA was precipitated at –70o C for 30 min. DNA was pelted by 
centrifugation at 12,000 rpm for 10 min at 4o C and the supernatant was 
discarded. The pellet was washed once with 1 ml of cold 70% ethanol. After 
centrifugation and  supernatant discarded. The final DNA was dissolved in Tris-
EDTA buffer (TE buffer) and stored at –20o C.  
 
5.2.3 Method C: Boom’s method (66) 

Briefly, 100 ul of the pretreated sample was pipetted into a reaction  
vessel containing 900 ul of guanidinium thiocyanate (GuSCN; Fluka Chemie AG, 
Buchs, Switzerland) containing lysis buffer (500 mM GuSCN, 50 mM Tris-HCl, 
20 mM EDTA, 0.1 mM Triton X-100) and 20 ul of diatom (diatoms; Sigma 
Chemical Co., St. Louis, Mo.) suspension (10 g of high-purity diatomaceous 
earth in 50 ml of H2O and 500 ul of 32% HCl). The mixture was immediately 
vortexed for 5 sec. After being held for 10 min at room temperature, the mixture 
was vortexed again and centrifuged in an eppendorf microcentrifuge at 12,000 x 
g for 15 sec, and the supernatant was removed by suction. The diatom-nucleic 
acid pellet was washed twice with washing buffer (120 g of GuSCN in 100 ml of 
0.1 M Tris-HCl pH 6.4), twice with 70% ethanol, and once with acetone. After 
acetone supernatant was removed, the vessels were dried at 56o C for 10 min with 
lids open. The nucleic acid binding to the diatom in the vessel was eluted by 
incubation in 100 ul of an aqueous low-salt buffer (1 mM EDTA in 10 mM Tris-
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HCl [pH 8.0]) at 56o C for 10 min, centrifuged at 10,000 for 2 min and collected 
the supernatant at –20o C prior PCR.    
 
 
5.2.4 Method D: QIAmp silica column purification (69) 

The DNA was purified according to the manufacturer’s directions by  
using the QIAmp blood kit (Qiagen Corporation, Germany) In this method, DNA 
absorbs to silica in the presence of a chaotrope, was washed with buffer, and  
eluted from the column in 0.1 ml of 10 mM Tris-0.1 mM EDTA buffer at pH 8.5. 
 
5.2.5 Method E: Alkali wash and heat lysis method (67) 

The pretreated sample was added to 1.4 ml of alkali solution wash solution 
(5M NaOH and 0.5 M sodium citrate) in a 1.5 ml eppendorf tube and left shaking 
on shaker at 100 rpm for 10 min at room temperature. The tube was centrifuged 
at 13,000 x g for 5 min to deposit the bacterial cell and the pellet was washed 
with 0.5 ml of 0.5 M Tris-HCl (pH 8.0) and was centrifuged as described before. 
This step was repeated at least once. Proteinase K was added to the pellet to a 
final concentration of 0.3 ug/ml, incubated at 55o C for 30 min and was 
centrifuged as described before . After the final centrifugation, the cell pellet was 
resuspended in 0.1 ml of distilled water, heated at 95o C for 30 min in a heating 
box and stored in a sealed container at –20o C prior PCR.       
  
6. DNA amplification 
 PCR was done as described by Rogall et al. (26), with primers pA (5’ 
AGA GTT TGA TCC TGC CTC AG 3’) and pI (5’ TGC ACA CAG GCC ACA 
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AGG GA 3’). Amplification was performed in 50 ul mixture containing 50 mM 
KCl, 10 mM Tris-HCl (pH 8.3), 1.5 mM MgCl2, 200 uM each dNTPs (dATP, 
dCTP, dGTP, and dTTP), 100 pmol of each of two primers and 2.5 U of Taq 
polymerase (Qiagen Corporation, Germany), and 50 ul of mineral oil ( Sigma, St. 
Louis, Mo.) was added to each vial before the 10 ul sample was placed under the 
oil layer. The reaction were performed in 0.5 ml eppendorf tube with target DNA 
on a Hybaid OmniGene Thermal cycles. The thermal profile involved 36 cycles 
of denaturation at 93o C for 1 min, primer annealing at 65o C for 2 min, and 
extension at 72o C for 6 min. The amplified product of the 16S rDNA gene was  
about 1030 bp. 
 
 All samples were tested in duplicate. Part of each sample was spiked with 
M. tuberculosis DNA to detect inhibitors in the sample. Positive and negative 
control were included in each run. 
 
7. Detection of amplification product 
 Five microliters of  PCR product were mixed with 3 ul gel loading buffer 
(20% ficoll, 0.05% bromophenol blue), analyzed by electrophoresis on 1.5% 
agarose gel. The electrophoresis was carried out at 80 volts for 30 min. The gels 
were stained with 0.1 ug of ethidium bromide per ml for 15 min, and the bands 
were visualized by UV transillumination. The positive result of PCR showed a 
single band of 1030 bp fragment for 16S rRNA gene compared with the 1000 bp 
molecular size marker. 
 
8. Sequencing of the 16S rDNA gene 
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 An ABI Prism Big Dye Terminator Cycle Sequencing Ready Reaction kit 
(PE Applied Biosystem) was used for the sequencing of the PCR product (67). 
Sequencing was performed on 30-90 ng of purified PCR product using QIAquick 
PCR Purification Kit; Qiagen Corporation, Germany ( the DNA concentration 
was determined by measuring the A260 of 1 corresponds to a DNA concentration 
of 50 ug/ml). The sequencing reaction required 4 ml of Premix, 3.2 pmol of 
sequencing primer; primer pB: 5’ TAA CAC ATG CAA GTC GAA CG 3’ 
corresponding to Mycobacterium 16S rDNA position 50-70 (26), and 150 ng of 
PCR product template in a total volume of 10 ul. The sequencing reaction was 
performed using Perkin Elmer GeneAmp PCR system 9600 with cycling 
parameters were 25 cycles of 96o C for 30 sec, 55o C for 10 sec, 60o C for 4 min 
and hold 4o C until ready to purify. The products were purified with 
ethanol/sodium acetate precipitation before capillary electrophoresis was run for 
sequence analysis. 
 
 The amount 300 bp 16S rDNA fragment corresponding to hypervariable 
region A of Mycobacterium was analyzed in an ABI PrismTM 310 Automate 
Sequencer (PE Applied Biosystem) and the DNA sequences were then compared 
with sequence by DNA database the Basis Local Alignment Search Tool 
(BLAST) (70). 
 
 





 

 

CHAPTER V 
 

RESULT 

 
1. Cultures and identification by conventional method and AccuProbe  
 Seventy-three of 381 hemocultures (19.16%) were flagged positive by the 
MB/BacT instrument. Of these positive hemocultures, 69 samples (18.11%) 
were AFB positive and 4 samples (1.04%) were AFB negative (Table 10). Of the 
69 AFB positive samples, 67 acid-fast bacilli were isolated from 66 positive 
hemocutures (1 specimen grew 2 AFB) and 3 positive samples could not grow 
AFB on solid media. Four flagged positive, AFB negative hemocultures were 
subcultured onto Ogawa medium and all grew AFB which were identified to be 
1 M. tuberculosis and 3 M. avium complex.  Identification was performed by 
routine biochemical method and AccuProbe culture confirmation tests. The 
result of species identification of the isolates from positive hemocultures is 
shown in Table 11. There were 12 M. tuberculosis and 59 non-tuberculous 
mycobacteria (NTM). Out of 59 NTM, 51 were M. avium complex, 2 were M. 
scrofulaceum, 1 was M. simiae, 1 was M. xenopi and 4 were not identified.  One 
specimen had mixed cultures of M. tuberculosis and M. avium complex. The 
average time for detection of mycobacteria from hemocultures was 17.45 days 
with MB/BacT. Isolation time for each species is shown in Table 12.  Several 
biochemical tests and AccuProbe were tested after incubation of cultures on 
solid media for ≥ 21 days. The average times for identification of Mycobacterium 
species from active growing colonies are shown in Table 13.  



 

 

 
 
Table 10. Number of hemocultures with indicated signal result 
 

No. of signal  
                       positive (%)      

No. of 
hemocultures 

   AFB positive         AFB negative 

    No. of signal 
    negative (%)  

381 69 (18.11)       4 (1.04)      308 (80.83) 
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Table  11. Results of biochemical test and AccuProbe for identification of mycobacterium species 
 

Biochemical testsA Numbe
r of 

isolates Colony         PigmentionD  Nitrate  Niacin  Urease   Tween         68o C     Tolerance     
Tellurite 
Morphology C                                                            Hydrolysis  catalase  to 5% NaCl  
Reduction 

AccuProbeB Identification 

12 
51 
2 
1 
1 
2 
1 

       R                  N                +            +         ND         ND               -              ND                ND 
       S                  N                 -             -         ND         ND               -             ND                 +/- 
       S                   S                -              -           +            -                +                -                   ND 
       S                   S                -              -            -            -                +                -                   ND 
       S                   P                -              +          +            -                +                -                   ND 
       R                  N                -              -           -             -                +                -                   ND 
       S                  N                -              -           -              -               -                 -                     + 

+  
+ 

NA 
NA 
NA 
NA 
NA 

M. tuberculosis 
M. avium complex 
M. scrofulaceum 
M. xenopi 
M. simiae 
Unidentified 
Unidentified 
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1        S                  N                -              -           +             -               +                -                    ND NA Unidentified 
A; -, negative; +, positive, +/- usually positive; ND, not done 
B; Accuprobe are M. tuberculosis complex, M. avium complex, M. kansasii, M. gordonae 
C; colony morphology: S, smooth;R, rought 
D; Pigmentation: N, nonphotochromogen; S, scotochromogen; P, photochromogen 50 



   

 

  

Table 12. Detection times of mycobacteria in hemoculture by MB/BacT  
 

Microorganisms (No.)    Times (mean) for detection     
(days) 

M. tuberculosis (12) 15.5 (6.5-36.0) 
M. avium complex (51) 13.0 (4.0-25.5) 
M. scrofulaceum (2) 33.5 (25, 42) 
M. xenopi (1) 8.3 
M. simiae (1) 20.8 
Other NTM (4) 24.0 (13.7- 31.7) 

 
Table 13. Average number of days for identification of mycobacteria 

from colonies on solid media 
 

Microorganism Average No. of days (mean)  
M. tuberculosis 3 
M. avium complex 14 
M. scrofulaceum 35 
M. xenopi 45 
M. simiae 30 
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2. Comparison of five DNA extraction methods for sample preparation 
from hemocultures 

A comparison of five DNA extraction methods in pilot study are 
shown in  Table 14. The result found that method B and D failed to 
extract the mycobacterial DNA, method A and method C yielded low 
positive result and method E was successful in preparation of 
mycobacterial DNA from hemocultures (69). The method E, alkali wash 
with heat lysis was significantly superior to those five DNA extraction 
methods ( p < 0.001). The comparison of preparation of mycobacterial 
DNA for PCR from blood culture fluid between  alkali wash with heat 
lysis and Boom’s method demonstrated that alkali wash with heat lysis 
method was significantly more effective than Boom’s method ( p = 0.008). 
Alkali wash and heat lysis method was the best method which was then 
chosen for amplification of mycobacterial DNA from hemocultures. 

 
Table 14. Comparison of five extraction methods for sample preparation 

from AFB-positive hemocultures 
 

No. of PCR-positive samples (%) by method : No. of 
hemocultures  A                B             C                   D                  E   

20 2 (10)        0 (0)        12 (60)           0 (0)           20 (100) 
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3. PCR results of DNA was prepared by alkali wash and heat method 
Specific PCR products were detected in all 69 AFB-positive 

hemoculture by using DNA prepared by the alkali wash and heat lysis 
method (Table 15). The PCR primers directed the synthesis of an 
approximately 1 kb gene fragment containing the 5’ part of the gene 
coding for 16S rDNA of Mycobacterium (Figure 8). 

 
Table 15. PCR of DNA was prepared by alkali wash and heat lysis  

method from 69 AFB-positive hemocultures 
 

No. of  
hemocultures 

No. of PCR-positive 
 samples (%) 

69 69 (100) 
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4. 16S rDNA sequencing results compared with biochemicals and 
AccuProbe 
 

The 69 clinical isolates were identified to species level by 
biochemical tests and by direct sequencing analysis of 16S rDNA. Using 
biochemical profiles, the isolates could be identified to belong to 5 
different species. All AFB positive hemocultures were identified using 
direct sequence analysis and were found to represent 9 different species, 
12  M. tuberculosis and 57 non-tuberculous mycobacterial species which 
included 44 M. avium, 4 M. intracellulare, 3 M. scrofulaceum, 2 M. 
ulcerans, 1 M. simiae, 1 M. haemophilum, 1 M. interjectum, and 1 M. 
triplex  (Figure 8- 16). Four flagged positive hemocultures with AFB-
negative were not amplified 16S rDNA but were identified the 
Mycobacterium species by biochemical tests and AccuProbe from active 
growing colonies from solid media. One isolate was M. tuberculosis and 3 
isolates were M. avium ( 3 were positive by AccuProbe of M. avium 
complex and also positive by AccuProbe for M. avium).  

 
The DNA sequence was examined to the published sequence in the 

GenBank for the species identification. Comparing the different 
sequences for the same species, which observed between 97 to 100% for 
most of them. Identities below 100% may have resulted from variability 
in some position or ambiguities in the published sequence (68, 70). 
However, for one identity as low as 92% was observed as M. tuberculosis 
complex so this isolate was compared to another public sequence 
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database such as The Ribosomal Differentiation of Medical 
Microorganisms (RIDOM) and also was the same result (Table 16).    

 
 Most established mycobacterial species show a unique signature 
sequence in hypervariable region A. Member of M. tuberculosis complex, 
i.e., M. tuberculosis, M. bovis, M. africanum, M. microti, M. canetti exhibit 
an identical 16S rRNA sequence reflecting the fact that these texa have to 
be separated at asubspecific or infrasubspecific level (18). The closely 
related species M. ulcerans and M. marinum show a nearly homologous 
16S rRNA gene sequence. Hypervariable region A and B do not allow one 
to distinguish between the two texa, but sequence determination of 
nucleic acid positions outside these two regions allow proper 
identification (18). Unusual isolate include in this study either failed 
definite phenotypic identification or was misidentified as other species by 
biochemical test (M. scrofulaceum was identified as M. xenopi) this 
finding of 16S rDNA sequence is consistent to M. scrofulaceum. One 
isolate was identified as M. triplex by genotyping and unidentified by 
biochemical tests. M. triplex is a new species of slowing, nonpigmented 
Mycobacterium and biochemical is similar to M. avium complex (35). This 
isolate was identified by sequencing of 16S rDNA of which give 100% 
identity to M. triplex. 
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Table 16. Results of genotypic identification, biochemical tests and AccuProbe for the isolates that gave typical results 
 

No. of 
isolates 

Biochemical tests AccuProbe 16S rDNA sequencing Identity with 
GenBank (%) 

12 
2 
51 

 
2 
1 
1 
2 
1 
1 

M. tuberculosis (12)A 

NG (2) B 
M. avium complex (51) 
 
M. scrofulaceum (2) 
M. xenopi (1) 
M. simiae (1) 
Unidentified (2) 
NG (1 ) 
Unidentified (1) 

M. tuberculosis complex (12)A 

NG (2) B 
M. avium complex (51) 
 
M. scrofulaceum (2) 
M. xenopi (1) 
M. simiae (1) 
Unidentified (2) 
NG (1 ) 
Unidentified (1) 

M. tuberculosis complex (10) 

C 
M. tuberculosis (2) 
M. avium (44) C 
M. intracellulare(4) 
M. scrofulaceum (2) 
M. scrofulaceum (1) 
M. simiae (1) 
M. ulcerans / M. marinum (2) 
M. haemophilum (1) 

92, 97-100 
98, 100 
97-100 
98-100 
97, 99 

98 
99 

98, 100 
100 
97 



   

 

  

1 Unidentified (1) Unidentified (1) M. interjectum (1) 
M. triplex (1) 

100 
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A; 1 specimens was amplified16S rDNA amplified corresponding to M. 
avium but 2 AFB were identified by biochemical tests to both M. 
tuberculosis and M. avium complex 
B; NG, no growth 
C; Four flagged positive hemocultures with AFB-negative were not 
amplified 16S rDNA but were identified the Mycobacterium species by 
biochemical tests and AccuProbe from active growing colonies from solid 
media. One isolate was M. tuberculosis and 3 isolates were M. avium ( 3 
were positive by the probes of M. avium complex and M. avium).  
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Table 17. Results of Mycobcaterium species from hemocultures 
 

 
No. of isolates 

          (Total 74) 
Species of mycobacteria 

(%) 
14 M. tuberculosis (18.91) 
51 MAC (68.91) 

- M. avium (63.51) 
- M. intracellulare (5.71) 

9 
 
 
 
 
 
 

NTM other than MAC (12.16) 
- M. scrofulaceum (4.05) 
- M. simiae (1.35) 
 -M. ulcerans (2.70) 

- M. haemophilum (1.35) 
- M. interjectum (1.35) 
- M. triplex (1.35) 
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 Figure 6. Amplification of mycobacterial DNA from hemocultures by five 

extraction methods. Agarose gel electrophoresis of PCR product 
amplified with 16S rDNA gene primer pA and pI. 

 1     2    3    4    5   6   7    8    

Lane 1, 1000-bp DNA ladder;  
Lane 2, mycobacterial DNA- positive control 
Lane 3, lysis buffer method (method A) 
Lane 4, proteinase K and phenol-chloroform method ( method 
B) 
Lane 5, Boom method (method C) 
Lane 6, QIAGEN blood kit method (method D) 
Lane 7, alkali wash and heat lysis method (method E) 
Lane 8, negative control (DDW) 
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Figure 7. PCR-mediated synthesis of 1000 bp fragment of the gene coding 
for 16S rDNA of Mycobacterium, using alkali wash and heat lysis 
and primer combination pA and pI from hemocultures. 

 

 
 

Lane 1, 1000-bp DNA ladder 
Lane 2, mycobacterial DNA- positive control  
Lane 3, negative control (DDW) 
Lane 4-7, AFB positive hemocultures using alkali  
wash and heat lysis method 

1 kb 

                  1  2   3  4   5   6  7  8         
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CHAPTER VI 
 

DISCUSSION 
 

 Mycobacterial infections are a major clinical problem in 
immunocompromised patients, particularly those with AIDS. The most prevalent 
disseminated mycobacterial infections in AIDS patient are those caused by MAC, 
which occur at a high frequency during the late stage of disease or are detected 
autopsy, and M. tuberculosis  or other mycobacteria. Identification of the 
causative agent is thus important for patient management, antimicrobial 
treatment, and epidemiology (71). Identification of mycobacteria in the clinical 
laboratory still remains fastidious, difficult, and time-consuming. The 
morphological, cultural and biochemical tests used for identification required 
knowledge and well-trained laboratory technique (72). 
Identification of mycobacteria in the clinical laboratory still remain fastidious, 
difficult, and time-consuming procedure. The morphological, cultural and 
biochemical tests used for identification required knowledge and well-trained 
laboratory technique (72). 
  
 DNA amplification method using PCR targeting 16S rRNA and direct 
sequencing is extensively used to identify and classify different species 
(15,25,26,27). In this study, an important development in the rapid isolation of 
mycobacteria from blood was the used of MB/BacT blood culture bottles (liquid 
media) for primary culture. This method had turnaround times of 17.45 days after 
specimen collection. In order to process for species identification, the primary 
culture was further cultivated on solid media and performed biochemical tests. 



 71
This needs 15-45 days for the whole process. PCR-sequencing of primary culture 
can shorten the time of species identification to 3 days.  
 
 However, the application of PCR for the identification of mycobacteria in 
hemoculture fluid specimens is a problem because of the complicated method 
used to extract genomic DNA for analysis. Another problem associated with the 
use of nucleic acid amplification technique with blood specimens is the frequent 
failure of amplification due to the presence of inhibitors which may interfere with 
the activity of the reaction (69) and the poor sensitivity of detection mycobacteria 
by PCR may be due to cell inadequacy or loss of DNA during purification. 
 
 Accordingly, the preparation of mycobacterial DNA for PCR from 
hemoculture was compared by five methods. It was found that lysis buffer 
method (method A) yielded low positive result. The problem may be from 
incomplete lysis of the tubercle bacilli from clinical specimens. Sonication and 
specimens heating (73) did not help to achieve complete cell lysis. Proteinase K 
and phenol-chloroform (method B) and QIAGEN blood kit method (method D) 
failed to extract the mycobacterial DNA. David et al. (69) found that phenol-
chloroform failed to remove SPS and SPS bind to silica in the presence of 
chaotropes and elutes with water, just like DNA. Boom’s method (method C) did 
not result in the complete removal of SPS and other problems may be from blood 
samples which were old or frozen. This method could not be used because of 
lysis of erythrocyte which releases hemoglobin and the DNA binding capacity of  
the diatom was limiting (75). 
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 This study demonstrated the superiority of DNA extraction method by 
alkali wash and heat lysis (method E). The combination of centrifugation, an 
alkali wash with heat lysis appeared to be better suited for the routine laboratories 
because it is simple, sensitive and economical. For hemocultures, washing of cell 
pellets by centrifugation and resuspension are variably successful  in removing 
SPS because SPS may bind to the hemoglobin and erythrocyte membranes so 
multiple wash cycle are required (75). Heat lysis is a simple method for releasing 
DNA for PCR from mycobacterial cells and alkali; NaOH was used principally to 
lyse and wash out the human erythrocytes and leukocyte components from the 
remaining mycobacterial cell pellet  prior to heat treatment. It is also widely used 
to harvest mycobacteria for  identification by culture or PCR (67). 
 
 The identification results obtained by biochemical and direct sequence 
analysis of the 16S rRNA hypervariable region A were identical in similarity 
98.63% (72/73) from hemocultures. Most of the discrepant result between 16S 
rRNA gene sequence analysis and conventional methods resulted in species 
belonging to the same group or to a phenotypically closely related species. 
  

For the discrepant result; one isolate, identified as M. scrofulaceum with 
16S rRNA analysis, was identified as M. xenopi with conventional methods. This 
was not surprising as M. scrofulaceum phenotypically resembles M. xenopi (35). 
Differentiation between these species was possible by the observation of growth  
at 37o C and 42o C since M. xenopi grows better at 42o C whereas M. 
scrofulaceum grows better at 37o C. Four flagged positive, AFB-negative 
hemocultures were identified into species by biochemical tests and AccuProbe 
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from active growing colonies from solid media. One isolate was M. tuberculosis 
and 3 isolates were M. avium (positive by the probes of M. avium complex and 
M. avium). These isolates were not included in species identification by DNA 
sequencing. Since three isolates could not grow on solid media. Therefore they 
were not identified with conventional methods but were identified with sequence 
analysis. They were 2 M. tuberculosis complex and 1 M. haemophilum as shown 
in Table 16. These two isolates of M. tuberculosis complex may not be M. 
tuberculosis as they could not grow on Ogawa medium. Unfortunately, the viable 
hemoculture samples were not available for further confirmation by conventional 
method.  Four isolates were identified by genotyping but unidentified with 
conventional method. They were 2 M. ulcerans, 1 M. interjectum and 1 M. 
triplex. Culture on solid media from one specimen contained more than one 
mycobacterial species but identification with gene analysis could identify one 
mycobacterial species (Tables 11 and 16). This finding has important implication 
for mycobacterial species identification in clinical specimens by molecular 
methodologies. If PCR amplification of the 16S rRNA gene is performed alone, 
all of the species present may not be detected if one species is predominant (76). 
 
 16S rRNA sequences do not vary greatly within a species and they are 
identical in some species, such as M. tuberculosis complex, M. avium and M. 
paratuberculosis, M. marinum and M. ulcerans and also M. kansasii and M. 
gastri. For further differentiation, one may use phenotypic characteristics for M. 
tuberculosis complex, M. avium and M. paratuberculosis, M. marinum and M. 
ulcerans. In addition, two high-copy-number insertion sequences, IS2404 and 
IS2606, have recently been reported in M. ulcerans and significantly, these 
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elelements are not present in M. marinum(78). M. kansasii and M. gastri can be 
differentiated by using 16S-23S rRNA gene internal transcribed spacer sequence 
base analysis for identification (77). 
 
 16S rRNA sequence analysis, which was introduced recently in the clinical 
laboratory, was performed by concentration on two previously characterized 
regions: region A, corresponding to E.coli positions 129 to 267, and region B 
corresponding to E.coli positions 430 to 500. While region A has been used for 
routine identification with primer pB (26), the additional analysis of region B is 
especially useful for isolates with show no unique sequence in region A. The 
mycobacterial 16S rRNA gene carries a species-specific sequence with in the 
hypervariable region A, which is sufficient, in most cases for identification of 
different mycobacterial species (68). However, some isolates do not show unique 
sequence in region A , hence analysis of region B is needed. For example, M. 
triviale, M. shimoidei and M. lepraemurium have the same sequences position 
129-214 in region A so sequencing must be used in region B for mycobacterial 
identification(15). 
 
 Differentiation of mycobacteria to the species level is currently done by 
time-consuming evaluation of phenotypic and biochemical characteristics. 
Additional methods such as high-performance liquid chromatography (HPLC) or 
thin layer chromatography  are limited by the need for standardized growth 
conditions (46, 47). AccuProbe (Gen-Probe, Inc., San Diego, Calif.) is a rapid 
method but is requires several  probes and covers only a limited rang of 
mycobacterial species (35, 37). Sequencing of the 16S rRNA gene is a powerful 



 75
technique of differentiating species, a rapid method for results  within 3 days 
(PCR and sequencing with automate sequencer ), specific and highly sensitive. 
However, the instruments are expensive for routine use in many clinical 
laboratories. 

 
 
 



CHAPTER VII 
 

CONCLUSION 
 

The preparation of mycobacterial DNA for polymerase chain reaction 
amplification and sequencing analysis from hemoculture fluid specimens by 
alkali wash and heat lysis method was significantly more effective than either 
lysis buffer, proteinase K and phenol-chloroform, QIAGEN blood kit or Boom’s 
method. Out of 381 hemoculture in MB/BacT instrument, 73 samples (19.16%) 
were flagged positive. Sixty-nine flagged positive hemocultures were acid-fast 
bacilli (AFB) positive and 4 samples were acid-fast bacilli (AFB) negative. Of 
these 66 grew 67 AFB and 3 could not grow AFB on solid media. Identified by 
conventional method and AccuProbe revealed 4 different species as follows: M. 
tuberculosis, M. avium complex, M. scrofulaceum and M. simiae. Four isolates 
from 3 samples were unidentified and one isolate was mis-identified. 
Identification by 16S rDNA sequencing demonstrated 9 different species as 
follows:  M. tuberculosis, M. avium. M. intracellulare, M. scrofulaceum. M. 
simiae, M. ulcerans, M. haemophilum. M. interjectum and M. triplex. M avium 
complex was the most prevalent pathogen, followed by M. tuberculosis and other 
non-tuberculous mycobacteria from hemocultures. The polymerase chain 
reaction-based sequencing strategy demonstrated that this technique is highly 
sensitive and specific, reliably differentiates Mycobacterium species which are 
difficult to identify by classical method. It also provides information of the 
taxonomic relatedness of new species which may not be identify by other 
technologies. The notion that sequence-based methodologies will take their 
places in routine clinical laboratories in an increasing reality. The initial cost of 
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equipment, i.e., automate sequencer, can quickly be recovered with saving in 
personel, time and ultimately in health care costs. 
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APPENDIX I 

 
REAGENT, MATERIALS AND INSTRUMENTS 
 
A. REAGENT 

 
Absolute ethanol   (Merck, U.S.A) 
Acrytamide / bisacrylamide   (Biorad, U.S.A) 
Agarose (ultrapure)   (Amresco, U.S.A) 
Ammonium persulfate   (Biorad, U.S.A) 
Boric acid   (Merck, Germany) 
Developer   (Kodak, Japan) 
Ethidium bromide   (Amresco, U.S.A) 
EDTA   (Amresco, U.S.A) 

 
B. MATERIALS 
 
X-ray film   (Kodak, Japan) 
 
C. INSTRUMENTS 
 
Hybaid OmniGene thermal cycler           (Hybaid, England) 
Sonicator           (Branson, USA) 
Water bath (Memmert, USA) 
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Luminometer (Gen-Probe, USA) 

APPENDIX I (CONTINUE) 
 
Perkin Elmer GeneAmp PCR system 9600       (Perkin Elmer, USA) 
ABI PrismTM Automate Sequencer                           (Perkin Elmer, USA) 
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APPENDIX II 
 

REAGENTS AND PREPARATIONS 
 
1. 0.5 M EDTA, pH 8.0 
Disodium ethylene diamine tetraacetate.2H2O  186.1 g 
DDW   800.0 ml 
Adjust pH to 8.0 
Adjust volume to 1,000 ml 
 
2. 1 M Tris-HCl, pH 8.0 
Tris (ultrapure)   121.1 g 
DDW   800.0 ml 
Adjust to pH 8.0 by adding conc. HCl     42.0 ml 
Sterilize by autoclaving 
 
3. 50 x Tris-acetate buffer (TAE) 

 
Tris (ultrapure)   242.0 g 
Glacial acetic acid               57.1 g 
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0.5 M EDTA pH 8.0   100.0 ml 
Adjust the volume to 1,000 ml with DDW 
Sterilize by autoclaving 
 
 
4. 5M NaOH 
 
NaOH 200  g 
Adjust the volume to 1,000 ml with DDW 
 
5. 0.5 M Na2C5O7.2H2O  
Na2C5O7.2H2O 135.5 g 
Adjust the volume to 1,000 ml with DDW 
 
6. Diatom suspension (Boom method) 
Cellite ( Jasen Chimica) 10 g 
32% Hcl 50 ul 
DDW 50 ml 
 
7. Lysis buffer (Boom method) 
GUSCN 120 g 
0.1 M Tris-HCl 100 ml 
Triton X 2.6 g 
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8. Washing buffer (Boom method) 
GUSCN 120 g 
0.1 M Tris-HCl 100 ml 
 
9. Elution buffer (Boom method) 
1 M Tris-HCl pH 8 100 ul 
0.25 M EDTA 40 ul 
DDW 9.86 ml 
 
10. Lysis buffer (Lysis beffer method) 
1% Triton X 100 0.2 ml 
20 mM Tris-HCl 0.2 ml 
DDW 19.6 ml 
 
11. 3 M Sodium acetate 
Sodium acetate. 3H2O 408.1 g 
DDW 800 ml 
Adjust pH to 5 with glacial acid 
Adjust volume to 1,00 ml 
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APPENDIX III 
 
REAGENTS FOR AGAROSE GEL ELECTROPHORESIS 
 
1. 10 mg/ml Ethedium bromide 
Ethidium bromide  1 g 
DDW  100 ml 
Stir on a magnetic stirrer for several hours to ensure that the dye has dissolved. 
Wrap the container in aluminum foil or transfer to a dark bottle and store at 4oC. 
 
2. 1.5% Agarose gel 
Agarose (ultrapure)  0.3 g 
1 x TAE   20.0 ml 
10 mg/ml Ethidium bromide  1.0 µl 
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