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1. ��
���� ��!
�����!
�����"�!#�����!
�� ����������
� (Bradford, 1976) 
 

��
���� 
1. ��	
�	����	���� Coomassie blue 

����	�� ! coomassie blue G250 100 �&��&�	�� ����'(
)*+�()�,-��
./�./( 95 

1)	2
34(�2 1	&���	 50 �&��&�&�	 ,(5(����6�� 7�/-58!
�&��	�3��9:	&�,-��
./�./( 85 

1)	2
34(�2 1	&��< 100 �&��&�&�	 1	�=1	&���	.)!��	����
1>( 1,000 �&��&�&�	 �/-(@A���� ( 

 
2. ��	
�	����	�������	B�( BSA (Bovin serum albumin) 

����	�� ! BSA 0.25 �	�� ����(@A�1	�=1	&���	�/-(@A���� (5(K�/ 25 �&��&�&�	 5�K�/
��	���� BSA ,-��
./�./( 1 
1)	2
34(�2 1L
1���	����(�@�� 1 �&��&�&�	 7�/-1	�=1	&���	�/-
(@A���� (5(K�/ 10 �&��&�&�	 5�K�/��	���� BSA ,-��
./�./( 0.04 
1)	2
34(�2 

3. ��	*A��	�9���	B�( 
1L
1���	�������	B�( BSA 0.04 
1)	2
34(�2 '�N�!'(.)!
6�-1	&���	��!7��!

'(��	�!*�  25 
�&�(@A�5(K�/��	�����1	��( 200 K��,	�&�	 6��!5��(�@(
�&���	���� 
coomassie blue 10 �&��&�&�	 
.N�7�/-��@!*&@!K-/ 15 (�*�7�/-58!(A�K1)N�(,N���	�:���O(7�!*� ,-��
�-,�O ( 595 (��(
��	 

4. ��	-&
,	��62�1	��('(��	������-)N�! 
1L
1���	������-)N�! 200 K��,	�&�	 
�&��!'(6�)�*��)! 
�&���	���� 

coomassie blue 10 �&��&�&�	 
.N�7�/-��@!*&@!K-/ 10 (�*�7�/-(A�K1)N�(,N���	�:���O(7�!*� ,-���-
,�O ( 595 (��(
��	 (A���
1	�=
*�=��=�	�9���	B�( 
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��	�!*�  26  7��!��	
�	����	���� 0.04 
1)	2
34(�2 BSA 
QO )*A��	�9���	B�( 
Table 26. The preparation of 0.04 %BSA for standard curve. 
 
Protein concentration 

(µg) 
0.04 % BSA 

(µl) 
Distilled water 

(µl) 
Coomassie blue 

(ml) 
0 - 200 10 
10 25 175 10 
20 50 150 10 
30 75 125 10 
40 100 100 10 
50 125 75 10 
60 150 50 10 
70 175 25 10 
80 200 - 10 

 

y = 0.0062x

R2 = 0.9881

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0 20 40 60 80 100 120

Protein concentration

O
D

 
 

	:1*�  13. �	�9���	B�(�1	��( 
Figure 13. Standard curve of protein concentration.  
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��	�!*�  27 1	&��<�1	��(.)!�Q�&
�)	2*� K�/5��
�O@) CNBP001 
Table 27. Protein concentration from polymer produced by CNBP001. 

 
Sample Protein concentration (mg/g polymer) 
polymer 27.96±0.1 

 

2. ��
����
�������12���3�1��
�����
�456�2� �� (Thin Layer Chromatography)  
(Lato et al., 1968, Rcbyt and White, 1987) 

1. ��	
�	��7gN(�,	���*�	�9h7gN(=�!�A�6	�=*��)=,�	2�=Ki
�	� 
(A��,	���*�	�9h7gN(=�!�!K17�N'( 0.2 M�3
��� )�3&
�� '6/)& ���- 
QO )�N-'(

��	1	��k�A�76(N!.)!(@A����'6/��,-�����
5(7��	-�
	4- 
2. ��	
�	����-)N�!*��)= 

(A���	����.)!�Q�&
�)	2 10 �&��&�	���N)�&��&�&�	��N)�/- TFA (trifluoroacetic 
acid) 10 K��,	�&�	 6��!5��(�@((A�g��K1'6/,-��	/)(*�  121 )!l�
3�
3�� 
1>(
-�� 1 �� -��! 

QO )*A�'6/
�&�1k&�&	&���	N)*� ��=:	<2  

3. ��	
�	��(@A�������	B�( 
(A�(@A����7�N���(&�*� '�/
1>(���	B�(
1	�=
*�=�� 10 �&��&�	�������!'((@A���� ( 

2 �&��&�&�	5�K�/��	����(@A�������	B�( 
4. ��	-&
,	��62��-)N�! 

6���-)N�!7����	����(@A����*� 
�	��K-/��-)N�!�� 1 K��,	�&�	 �!=(�,	
���*�	�9h7gN(=�!*� 
�	��K-/ (A��,	���*�	�9h7gN(=�!5mN��!K1'(��-*A�����
,�O )(*� 38 !
1	��)=K1�/- K)�3=&-*�()� 
�*�()� 7��(@A� '()��	��N-( 5: 3: 1(n-butanol- methanol- 
water; 5: 3: 1) 6��!5��(�@(*A���	�	-56���	=(�,	���*�	�9h7gN(=�!��QN(�/-�	�3��9:	&�

./�./(g����=
�*�()� (Cont. sulfuric acid: methanol; 3: 1) 7��(A�K1'6/,-��	/)(*�  100 )!l�

3�
3�� 5�1	��k�A�76(N!.)!(@A����7����-)N�!=(�,	���*�	�9h7gN(=�! 
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3. ��
���1 ���1��DEF�GH����
�1���1��I�1�H��� ������D������ 

 

1.  ��
���� 6������ (Catalase test) 

�H!�
��6���
���� 

1. ��	����Ki��	
5(
1)	2))�K3�2,-��
./�./(	/)�� 3 
2. �	�5��K��2 
3. 6N-!
.� 
�O@) 

��L���
 
1. 
��@!
�O@)'()�6�	 nutrient broth =N�*� )m<6p:�&*� 
6�����
1>(
-�� 18-24 �� -��! 
2. 6���	����Ki��	
5(
1)	2))�K3�2,-��
./�./(	/)�� 3 �!=(�K��2 
3. '�/6N-!
.� 
�O@) 
.� 
�O@)�!K17�/-*A���	g��'6/
./���( 

��
����
��� 

 g�=-� 
�&�9)!7�q� 
 g��= K�N��9)! 
 
2.   ��
���� ��
���M�N�M�6���
���� (Oxidation-Fermentation test) 

�H!�
��6���
���� 
1. )�6�	 Hugh and Leifsonss O-F medium  
2. Q�	�9L( 
3. 6�)����7�q� 

��L���
 
1. 
��@!
�O@)'()�6�	 Hugh and Leifsonss O-F medium �(&��� 2 6�)�����	7*!

�	!�!K1'()�6�	 
2. 6�)�6(8 !'6/):N'(�p�Q.��)���l��
*Q�	�9L(
6�-1L�g&-6(/�1	���< 2 


3(�&
��	 
3. =N�
�O@)*� )m<6p:�&6/)! (�(1	���< 48 �� -��! 
4. �:��	
1	�=
*�=��.)!)�6�	7����	
�&�7�q� 
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 )�6�	
1�� (5����
.�-
1>(
6�O)! 
uQ��6�)�*� K�NK�/
*Q�	�9L( 7��!-N�
�&� oxidation 
7�Nw/�
�&�
1�� (��*�@!�)!6�)� 7��!-N�
1>( fermentation 
 
�S�
����
��"TD3T���
GU�6���DEF� 

 )�6�	*m��:�	'�/g��(@A�*�
� 1 �&�	 
1.   Nutrient agar 
 Beef extract 3.0 �	�� 
 Peptone 5.0 �	�� 
 Agar 15.0 �	�� 
 
2.   Motility test medium 
 Tryptone 10.0 �	�� 
 Sodium chloride 5.0 �	�� 
 Agar 5.0 �	�� 
3.   Hugh and Leifsonss O-F medium (pH 7.1) 
 Peptone 2.0 �	�� 
 K2HPO4 0.3 �	�� 
 NaCl 5.0 �	�� 
 Agar 3.0 �	�� 
 Bromthymol blue 0.2% 15.0 �	�� 
  
��
������"TD3T���
IV�W��H��� ������D������ 

1.   ��	����Ki��	
5(
1)	2))�K3�2,-��
./�./(	/)�� 3 
 H2O2 3.0 �	�� 
 H2O 100 �&��&�&�	 
2.   Bromthymol blue 1.6% 

Bromthymol blue 1.6 �	�� 
Ethyl alcohol 100 �&��&�&�	 
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���������� � 

 
1.  ��
�#$�#�
���
��
������	��������%���
� &'� (#�)%& CNBP001 �$ ��
����� ����� (spread    plate) 

 
������	
 28  ����������������	���	
���������	������������� 	!���!�	
����"��	
�#�#��������$%�����"� 

CNBP001!���!����,��#�	
��-�#- 
Table 28. The number of survival bacterium CNBP001 by spread plate before optimization 

condition. 
 

Number of colonies (CFU/ml) 

hours 1 2  average 

0 2.00 x 106 7.80 x 106 4.90 x 106 ± 4.1012 

3 2.00 x 108 2.50 x 107 1.12 x 108 ± 0.3536 

6 3.20 x 105 1.33 x 106 8.25 x 105 ± 1.3223 

9 4.10 x 106 1.50 x 106 2.80 x 106 ± 1.8385 

12 1.00 x 105 6.40 x 106 6.50 x 106 ± 3.8184 

15 5.70 x 105 5.20 x 105 5.45 x 105 ± 0.3536 

21 3.90 x 109 1.11 x 108 4.01 x 109 ± 1.9728 

27 6.90 x 109 2.09 x 109 4.50 x 109 ± 3.4012 

33 4.10 x 108 8.60 x 109 9.01 x 109 ± 3.1820 

39 7.80 x 109 1.29 x 109 4.55 x 109 ± 4.6033 

45 1.02 x 109 2.03 x 1010 1.07 x 1010 ± 0.7142 

51 2.68 x 109 4.50 x 1010 2.38 x 1010 ± 1.2869 

57 2.51 x 1010 1.07 x 109 1.31 x 1010 ± 1.0182 

63 1.30 x 109 5.30 x 109 3.30 x 109 ± 2.8284 

72 7.40 x 109 1.18 x 109 4.29 x 109 ± 4.3982 
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������	
 29  ����������������	���	
���������	������������� 	!���!�	
����"��	
�#�#��������$%�����"� 
CNBP001��Q�!����,��#�	
��-�#- 

Table 29. The number of survival bacterium CNBP001 by spread plate after optimization 
condition. 

 

Number of colonies (CFU/ml) 

hours 1 2  average 

0 3.10 x 107 4.40 x 107 3.75 x 107 ± 0.65 

3 4.60 x 107 5.60 x 107 5.10 x 107 ± 0.50 

6 5.60 x 107 5.40 x 107 5.50 x 107 ± 0.10 

12 1.04 x 108 9.90 x 107 1.02 x 108 ± 0.03 

18 9.80 x 108 8.80 x 108 9.30 x 108 ± 0.50 

24 1.91 x 109 - 1.91 x 109 ± 0.00 

36 1.73 x 109 1.08 x 109 1.41 x 109 ± 0.33 

48 1.67 x 109 1.28 x 109 1.78 x 109 ± 0.20 

72 6.80 x 108 8.70 x 108 7.75 x 108 ± 0.95 
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������	
 30 ��S�T�#!�U���������QU��!���"��	
����VW���-������XQU�#!Q
���!�#�� 
Table 30. Composition of lead-absorbing biopolymer marine bacteria isolating media. 
 

Media Composition 
Formula A 

 
proteose [ peptone 2 g 
yeast extract  1 g 
agar   15 g 
sea water  1 l 

Formola B 
 
 

proteose [ peptone 2 g 
yeast extract  1 g 
Lead Nitrate (Pb(NO3)2) 125 mg/l 
agar   15 g 
sea water  1 l 

 Formula C 
 

sucrose   20 g 
KH2PO4                            1 g 
peptone   10 g 
NaNO3                1 g 
MgSO4                              0.5        g 
sea water                          1            l 

Nutrient Agar (NA) 
 

beef extract  3 g 
peptone   5 g 
agar   15 g 
sea water  1 l 

 
 
 
�-������    ��� A ��# B �Q��T����! ���W� SQ� V��� ��# W�b��Tc b���W�b���d�!� (2529) 

      ��� C �Q��T����!��e� �%����f (2545)  
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���� 1 H NMR ����������������� 

 
 

1. 	
������� gluconic acid 

 

024681012
PPM

 
�����	 14 �������������� gluconic acid 

Figure 14. 1 H NMR spectrum of gluconic acid. 
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2. 	
������� glucosamine 

 

0246810
PPM  

�����	 15 �������������� glucosamine 

Figure 15.  1 H NMR spectrum of glucosamine. 

 

3. 	
������� glucose 

 

0246810
PPM  

 

�����	 16 �������������� glucose  

Figure 16.  1 H NMR spectrum of glucose. 
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4. 	
������� xylose 

 

 

 

 

 

 

 

 

 

 

 

�����	 17 �������������� xylose  

Figure 17.  1 H NMR spectrum of xylose. 

 




