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������Abstract 

 
         Escherichia coli exhibits diverse respiratory abilities. It synthesizes at 

least two distinctive cytochrome oxidases (cyotochrome o oxidase and 

cyotochrome d oxidase) during aerobic growth and can produce an additional 

terminal oxidoreductase, nitrate reductase (narGHJI), DMSO/TMAO reductase 

(dmsABC), and fumarate reductase (frdABCD), for anaerobic respiration with the 

alternative electron acceptors. Although the respiratory genes are activated by 

the Fnr and ArcA-ArcB, they still have two to five folds induction during 

anaerobic growth in �fnr and �arcA  mutants. Hence Fnr and ArcA-ArcB 

might not be the sole requirement for the anaerobic induction of anaerobic gene. 

A topologocal state of the bacterial chromosome is important for transcription, 

replication and recombination. To determine how the respiratory gene are 

regulated in response to a variety of DNA supercoiling, including inhibitors of 

gyrase and topoisomerase mutants, we examined their expression by using  

lacZ repoter fusions in wild-type, � fnr��arcA and � fnr�arcA mutant 

strains. The effect of DNA supercoiling on expression of respiratory genes was 

more conspicuous when cells were growth under in aerobic condition and in  �

fnr�arcA mutants. These results infer that  Fnr and ArcA-ArcB may be a 

factor for the balance of DNA superhelicity. When DNA supercoiling was 

relaxed, expression of dmsA-lacZ, narG-lacZ, cyo-lacZ and cyd-lacZ fusions 

were repressed under anaerobic growth. In contrast, the expression of all  

respiratory genes increased when DNA supercoiling became more negative. 

These findings suggest that in addition to Fnr and ArcA-ArcB, DNA 

supercoiling is another factor for the regulation of respiratory genes expression. 
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Table 1. Effect of DNA supercoiling on cyo-lacZ expression  

      in minimal medium 
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strain 

cyo-lacZ 

    �- galactosidase acivity(unit) 

      +O2           -O2  

 

fold 

w.t       145�5          6�1 24 

+novobiocin       48�6           4�1 12 

+nalidixic acid       63�1           3�1 21 

+NaCl       161�16         7�1 23 

NaCl+betaine       179�9          9�2 20 

cyo-lacZ (�top10)       188�11         22�3 8.7 

 

strain 

cyo-lacZ (�fnr) 

  �- galactosidase acivity(unit) 

    +O2           -O2  

 

fold 

w.t      135�5         39�4 3.5 

+novobiocin     101�8         19�12 5.3 

+nalidixic acid     44�1          26�1 1.7 

+NaCl     148�12        21�2 7.0 

NaCl+betaine     170�14        49�4 3.5 

cyo-lacZ (�fnr�top10)     210�10        57�4 3.7 

 

strain 

cyo-lacZ (�arcA) 

  �- galactosidase acivity(unit) 

    +O2           -O2  

 

fold 

w.t     140�10        71�4 2.0 

+novobiocin     72�6          61�7 1.2 

+nalidixic acid     NG*            NG*  

+NaCl     113�7         94�17 1.2 

NaCl+betaine     175�7         298�2 0.6 

cyo-lacZ (�arcA�top10)     188�8         240�1 0.8 

 

strain 

cyo-lacZ (�arcA�fnr) 

 �- galactosidase acivity(unit) 

    +O2           -O2  

 

fold 

w.t     135�5         86�3 1.6 

+novobiocin  100�2         54�3 1.9 

+nalidixic acid NG*             NG*  

+NaCl     142�1         129�5 1.1 

NaCl+betaine      223�7         384�5 0.6 

cyo-lacZ (�arcA�fnr�top10)     189�19        280�1 0.7 

*NG means no growth 

Table 2. Effect of DNA supercoiling on cyd-lacZ expression  

      in minimal medium 



 7

strain 

cyd-lacZ 

    �- galactosidase acivity(unit) 

      -O2           +O2  

 

fold 

w.t       955�105       210�20 4.5 

+novobiocin       825�15        137�21 6.0 

+nalidixic acid       883�13        133�7 6.6 

+NaCl       2110�180      385�25 5.5 

NaCl+betaine       1665�185      231�11 7.2 

cyd-lacZ (�top10)       3395�255      725�85 4.7 

 

strain 

cyd-lacZ (�fnr) 

  �- galactosidase acivity(unit) 

    -O2           +O2  

 

fold 

w.t      1390�80       198�12 7.0 

+novobiocin     1323�33       165�5 8.0 

+nalidixic acid     870�140       136�6 6.4 

+NaCl     3457�237      385�25 9 

NaCl+betaine     2695�75       227�31 12 

cyd-lacZ (�fnr�top10)     2685�265      735�105 3.7 

 

strain 

cyd-lacZ (�arcA) 

  �- galactosidase acivity(unit) 

    -O2           +O2  

 

fold 

w.t     170�12        56�9 3.0 

+novobiocin     157�16        97�5 1.6 

+nalidixic acid     NG*            NG*  

+NaCl     508�23        205�13 2.8 

NaCl+betaine     285�15        110�14 2.6 

cyd-lacZ (�arcA�top10)     440�10        120�10 3.6 

 

strain 

cyd-lacZ (�arcA�fnr) 

  �- galactosidase acivity(unit) 

    -O2           +O2  

 

fold 

w.t     142�10        52�7 2.7 

+novobiocin  110�6        95�7 1.2 

+nalidixic acid  NG*           NG*  

+NaCl     202�8         191�16 1.1 

NaCl +Betaine     180�6         98�6 1.8 

cyd-lacZ (�arcA�fnr�top10)     328�18        149�11 2.2 

*NG means no growth 

 

Table 3. Effect of DNA supercoiling on narG-lacZ expression  
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      in minimal medium 

 

strain 

narG-lacZ 

    �- galactosidase acivity(unit) 

      -O2             +O2  

 

fold 

w.t       1140�100        18�3 65 

+novobiocin       920�60          18�1 51 

+nalidixic acid       485�65          18�4 27 

+NaCl       1820�100        137�13 13 

NaCl+betaine       1625�115        107�18 15 

narG-lacZ (�top10)       2485�95         41�5 61 

 

 

strain 

narG-lacZ (�fnr) 

  �- galactosidase acivity(unit) 

    -O2           +O2  

 

fold 

w.t     28�2          17�2 1.6 

+novobiocin     14�2          12�1 1.2 

+nalidixic acid     14�1          11�1 1.2 

+NaCl     43�3          31�2 1.4 

NaCl+betaine     31�3          21�2 1.5 

narG-lacZ (�fnr�top10)     31�3          23�4 1.3 

 �����������
 

 

 

 

 

Table 4. Effect of DNA supercoiling on dmsA-lacZ expression  
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      in minimal medium 

 

strain 

dmsA-lacZ 

   �- galactosidase acivity(unit) 

      -O2           +O2  

 

fold 

w.t       740�10        15�1 50 

+novobiocin       542�22        16�1 35 

+nalidixic acid       314�26        12�1 27 

+NaCl       907�33        25�3 37 

NaCl+betaine       1345�72       19�1 73 

dmsA-lacZ (�top10)       800�20        41�3 29 

 

 

strain 

dmsA-lacZ (�fnr ) 

  �- galactosidase acivity(unit) 

    -O2           +O2  

 

fold 

w.t     31�2          17�1 1.8 

+novobiocin     21�1          16�2 1.3 

+nalidixic acid     27�3          19�4 1.4 

+NaCl     40�4          22�2 1.8 

NaCl+betaine     34�3          19�2 2.0 

dmsA-lacZ (�fnr�top10)     39�1          25�2 1.6 

 ���������������
 

Table 5. Effect of DNA supercoiling on frdA-lacZ expression  
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      in minimal medium 

 

strain 

frdA-lacZ 

    �- galactosidase acivity(unit) 

      -O2           +O2  

 

fold 

w.t       1060�80       42�3 35 

+novobiocin       748�67        49�6 15 

+nalidixic acid       730�20        41�2 18 

+NaCl       1395�75       136�1 10 

NaCl+betaine       1360�75       94�9 15 

frdA-lacZ (�top10)       705�15        78�6 9 

 

 

strain 

frdA-lacZ (�fnr ) 

  �- galactosidase acivity(unit) 

    -O2           +O2  

 

fold 

w.t      228�8         49�4 5.0 

+novobiocin     196�16        46�4 4.2 

+nalidixic acid     182�14        29�5 6.4 

+NaCl     317�36        98�7 3.2 

NaCl+betaine     310�20        56�2 5.5 

frdA-lacZ (�fnr�top10)     240�2         73�3 3.3 

 ����������������
���
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