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d$  

 

! ÉÒÉÒÓÔÕ1Ö×ÂØÙ�h�1MNÚÛ×ÜÝÞÛ6ßßßßàá�h�A

1âãÞj£äÞåæá�h��ç'è}~K����J�56tu$Ú�~éê

Ù6ëì}�â&56�h�ÚíîÙïðjÜ1�%�ñÉÔì}�hò56�h�

ÚíîÙïðjÜ1óôõ�Ø6rÝØ�%��¼(Û6Ùjö¼(�îêáÙÔ

�÷�áÙñøùØú1HJ²}~Éûjhi56�h��K����J�56ë

ü78ýÞåàá�h�A¡Øþ��å�3ñ�ÿØ�h��K����J�îê!

Ôë"$%åxyz{}~)ÙÒîÔ*+,-./1#*ØMN3456å1ÞÛ6ë 

 

! *+,./ (oligotroph) j$%+,&'1()*3qÙêå+,Ú-NØ./.

ÞÛ×/011$%�h�ÞÛ6�å�2~é6ë*+,./33Ùê145Ø�6

jØÙÚñ71�ÿØ()8=3956�h�1Yi3r6â:Q;2<=Ä-/ñ

>Ä-/W���3ñ0?¡3Ö~éêÙ6�÷1+,(@AÞjhiîØÙÚñÛ

60�@AB*1+,��ÞhibC6å1 (D-*+,./ñobligate oligotroph)ñ

úÕ~Þåhi56å1 (E-*+,./ñfacultative oligotroph) 1 2¤F39F

Þ!6ëKuznetsov~ (1) jG1-10 mgC/LB*1�¼(Þåhi-NØ�h�H��

¼(1@A�IJ3�6îêq×ñKL~ (2)!å 1 mgC/L�IJ�îêÙ6ÚñæM

'ö¼Û6ÙjÄ3956MN-�ÙÝ+,}~å�h��+,(Þâ:Þ!6�

îêÙ6ë 

! *+,-./j0?3Ö~éêÙ6./3OPñ$"3*@A1+,(Þhi-N

ÞÛ6Q�}~ñ�h�1hR¡ØST173å�ÿØàáÚ�2~é6ëU\ñV

{WXÈAYï1ZÃØú1�h�[ÈQEFG\]´^I�_`JW345678

Ú-a3bcéêÙ6ÚñQé~1ZÃ3jde�%ÞÛ6�¼(jOf¡ghiÉ

éêÙ6139îñ�h�1hi3j!Ø�JXö¼k1+,Ä:jl�aúiÉé

êÙØÙëÜ1Ôlñh�mR�bÝn3j+,Ä:1opÚj!�Ø6Úñ+,Ä

:1opjqÃmRrKs�RhîñÉÔtuØopj()1v+,È�ÙwÔ§c

de1z8�åØ6ëQé~1xÍ�&y56Ôlñ�¼(Bz1+,(39îê1

*+,-Úæá�Ø6 (3)!ëÉÔñ{ß|Ã}3�ä56*+,-./1~��P6

Q�3rwê�h&'�.�56�ÙÝ�áuåÛ6! (4)!ëî}îØÚ~ñQéÉÞ

3�ÿØ()|}~1*+,-./1��3�#îÔ78ÚØ�éêÙ6ÚñÁ×�

Ù1���X�61���3r×hÈA¡ñhR¡qrs½¾A¡Ø78jl�aú

bcéêÙØÙë 

! £äÞj*+,-./1�á34îêj�/1rÝØEFG\]´^I�_`J
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¡Ø�átuÚ�Øå1ÞÛ6Úñ�ÿj�h���QEFGrJE��`JW�1

àá3ST��wêÙ6ëEFGrJE��`J3áÙ60��îê1�h�Ú*+

,-ÞÛé<ñÜéÒ�*rKsØ®�KÚm£Þ!6ëÉÔñ*+,-./1M

NÜ1å1��Ý1ÞjØhñ*+,¡3+,-NØ���îêáÙ6ïðåæáÞ

Û6ëü78ýÞjñ�ÿØ�h��K����J�56�~ñÜ1�÷}~�¼(

��ÙÔ�÷Þhiîêh6�h���îêÙÔë 

 

! ""#$%jñxyz{HJ²�áÙÔ*+,-./1K����J�3r×)

ÙÒ�éÔ)*+,./Rhodococcus erythropolis N9T-401����ØCO2!2-3

456å1ÞÛ6ëefgÞjxyz{}~1)*+,./1K����J�ñÂ~

éÔ N9T-4033Ùêhi��Øú1��qrsç'è}~1�K����J�3

3Ùê/�îêÛ6ëe�gÞj N9T-401*+,hi34�56¤J¥�%1��

�Ü1&¦33Ùê/�îñ£�,Þ��Þ!6 N9T-401*+,-i�3q�6

CO2!2] �¡°�a¢îÔë 
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efg! Rhodococcus erythropolis N9T-41*+,hi  

 

! ü78ýÞj 1999 \}~�\£ñ¤¥{¦§Øú�1¨�78ÞGxyz{1©

%ªRBC3456�«H�ÙÝ®�¬�sÚbcéÔ! (5ñ6ñ7) ëQéj®¯

÷3�äîêÙ6xy¤J�3°±²ª�éêÙ6z{|3�h�1�äÚ�³�

éêÙÔQ�}~ñz{|1�h�1�´�,u3rwê&¦îÔå1ÞÛ6ë()

�h�A1âãÞbcé6rÝ3ØwÔ 16S rDNA-DGGEu�z{3µáîñ�ÿØ

./1�ä�4~}356Q�ÚÞ!Ô! (8) ë¶�\£3·wê� W1xy¸2

Q¹º»ñ¼½ñ¾¿ñÀÁÂWÃC1�1:1z{�HJ�J�îñ�/tuÞ

�h�1�&¦îÔvwñz{|1�h�1jHJ�J��±ñz{1ØúÞÄÙ

Ú)~éÔÚñSTÅÙQ�3 Ø6z{HJ²ÞOf¡gh)~é6 511./

(Ochrobactrum anthropi ñ Burkholderia cepacia ñ Stenotrophomonas maltophilia ñ

Propionibacterium acnesñBrevundimonas diminuta)Ú���éñ�3 OchrobactrumÆ3

Æ56./j3nîÔê1z{Þ5ÇÞ!ÔëÉÔñÈ�É¨/1�äå5Ç56

Q�ÚÞ!ñxy¸21ÊÆ{ª1ËÌ34�56-N-Ú��éÔë�~3ñxy

¤J�1Í3ÎÉ6ÏQz{KÐÑ�W}~jg~1]¤JhY/�Òl�îÔÓ.

/1�äÚÔÕ�éñKÐÑ�ÖY3]¤JhYrJ×�_³Ú4�îêÙ6-N-

å��éÔë 

! �ÿØ�h�1�äÚ4~}�Ø×ñz{jØlêÙÚÛ6�h�K����J�

(�ØwÔëGz{H�ÙÝQ�ÞÛÜ¤\Jñ³JsÐ�JñÝ\JØú1�â&

-ÞßàÈð�1â&/1��åbcé (9)!ñÙh3}1â&/jÂ~éÔÚñQé

ÉÞ3áâ1Û6â&/B�1NÚ��5å1jÂ~éØ}wÔë"gÞjñ"$%

1781!w}��ØwÔz{HJ²}~1*+,-./1��ñqrsÂ~éÔ

)*+,-./ Rhodococcus erythropolis N9T-401�,�-Øú33Ùê�P6ë 

 

 

 

mnopqrstu  

 

 

xyz{HJ²  

! "78ÞjãäåæL¥{xyI÷Q¹º»Wñ¼½¥{xyI÷Q¼½Wñç£¥

{xyI÷Q¾¿Wqrsñèéè¥{xyI÷QÀÁÂW14 4 W1xyz{¸

2}~â�îêêÙÔ�1:1z{Q Ü�z{Që%{Wñ³Ðì³JÐFsz{
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Q|%{Wñ³Ñ¥�í�°z{Q|%{WW�áÙÔëQé~1z{HJ²j�á

56ÉÞ 4°CÞ²�îÔë 

 

 

/0  

! DNA�®��J�3j Escherichia coli DH5! [F" #80lacZ$M15 $(lacZYA!argF) 

U169 deoR recA1 hsdR17 (rK
"mK

+) phoA supE44 %" thi"1 gyrA96 relA1]�áÙÔë 

! ¤F ²îï��îêáÙÔ R. erythropolis NBRC12320ñR. erythropolis 

NBRC15567ñR. erythropolis NBRC16296ñStreptomyces aureus NBRC 100912ñS. griseus 

subsp. alpha NBRC 15421ñS. bikiniensis NBRC 14598qrs S. venezuelae NBRC 13096

jð©.�BCI5Mñ1h�½¾ò(Lór×ôõîÔëR. erythropolis IFM155ñ

R. erythropolis DMS743ñR. rhodochrous NCIMB11215ñR. rhodochrous ATCC12674ñR. 

rhodochrous ATCC17895ñR. rhodochrous ATCC19410ñR. rhodochrous ATCC17041qr

s ATCC33258j78ý²�1å1�áÙÔë 

 

�÷qrs�,tu  

! "78�EîêáÙÔöMÄ�÷QBM�÷W1÷Yj 0.1% NaNO3ñ0.1% K2HPO4ñ

0.1% KH2PO4ñ0.05% MgSO4•7H2Oñ0.01% CaCl2•9H2Oñ0.1% (v/v) ì¤øJùú�îñ

pH� 7.03�ûîÔëì¤øJùújñüýþÿÃQROÃW100 ml3 1 mg Ä�î

³øJñ2 mg �!ÜÐìJñ2 mg¥Js¯J� ²_"°ñ2 mg Ä�Ý�¶#_

Jñ0.1 mg ìGîJñ1 mg p-³ø$%&ß�ñ2 mg �rîJ�ñ0.1 mg '��ù&

56Q�3r×(ðîñ]J)\JÜ^²¤�QDISMIC-25csñ0.45 µmñ³¶EJ¯

Ñ�6ðW3r×*t+/îÔëCaCl2•9H2Oj 100,@A1ùú��ûîñ]J)

\JÜ^²¤�3r×*t+/Ëñì¤øJùú��å3G�s�\�)Ë1 BM�

÷3opîÔëBM\�s�÷1(ð3jVð-.QÛ ÐF¯K�6ðW�áÙñ

1.5%�Ø6rÝ3�÷3opîÔë�/�s�IJs)®K (NB) j0�sJß´^

Ñ#J×J6ð�áÙñ\�s�÷1(ð3j 1.5%1-.Q¤Fs�6ðW�á

ÙÔëLB�÷jñ1% s�sJQBactoñ0�sJß´^Ñ#J×J6ðWñ0.5% »

1I#KQBactoñ0�sJß´^Ñ#J×J6ðWñ1% NaCl�îñ\�s�÷1

(ð3j 1.5% -.Q¤Fs�6ðW�áÙÔë 

CO22%��jñ15 g1 CO23�4QSodasorbñW. R. �\�K6ðW�õéÔ_ï

�\�ñ/õ�51îÔ\�s�¨3¥"î6Q³7®¥Ñ�ñ89:KÈA6ðW

3õé6Q�3r×(ðîÔ (; 1) ë 
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�¼(1��3j 1% <:QÜ²�s�Kñ:Ð�s�Kñ=J$�Kñ́ JJWñ

1% æM�Qr>��ñ�IJ�ñ�J?�Wñ1% ³²r�²Q]¤$�²ñI¤$

�²ñ®¥$�²Wñ7@³² JQn-A#HJñn-´ Jñn-¯sÐ´ Jñn-A

#H´ JW�ÜéBé BM�÷3opîÔë-.�÷3qÙê n-A#H´ JX

n-¯sÐ´ JØú1³² J��¼(�îêáÙ6ïð3jñ_ï�\1CLâ3

2 ml1³² J�iÉDÔ*E�FhQ�3r×ªÈ�Dê�÷3G|îÔëÜéB

z1�¼(j*t+/Q0.45 µmñDISMICñ³¶EJ¯Ñ�6ðWËñ�÷3opî

Ôë 

! _� H²�÷1(ðj Funk~ (10) 1tu3IwÔë10 g1_� H² 60 

(0.063~0.200 nmñ]²�6ðW� 100 ml1 7% KOHùú3ù}îñQ1_� H²

ùú�G�s�\�)+/îÔ 2&BM�÷� 30 mlEF³²J3ê8KLðËñ1.75 

ml1 20% o-�J��opîMs�N3Oî9P�È�DÔë(ðîÔ\�s�Q

Rî3îñ30°CÞ0STF56�ÃÚbêh6ÔlñQé�ÝMÑsÞ·¸îÔë

/õ�U/56ó3ñ\�s����J0JîVÞ 30â UV+/îÔë 

! N9T-40j+,(1�Õ9P�WXÔl3ñ-80°CÞYv²�îêÙ6/õ�75

BM\�s�÷3hi�Dñ�A BM\�s�÷3U2ZÙÒå1�mn3�á

îÔë1ÿ1\�s�÷35156n3j/õ� 0.85% KCl3ê[\îñOD660�

0.13�ûîÔ/õ[\ú�\�s�÷3]^îÔëúõ�÷35156n3jñ

/õ� 0.85% KCl3ê[\îñ_¢/õ@AÚ OD660 0.053Ø6rÝ351îÔë

N9T-401�,jTF�,ñ`�Ý�,�å3 30°CÞbwÔë 

 

z{}~1�h�1��  

! K����J�(�îêáÙÔz{HJ²j 2, 2, 4-s�]î²MJ¤J (F×

G�¤J)�áÙêB*1rÝ3a[ñ@b�bwê}~áÙÔ (8) ëz{HJ² 

(200 ml) 3kc1F×G�¤J�opîñ!²¯Ñ�K3r×deËñ8,000 & gñ4°C

Þ 20â£fgâ��bwÔëhijâ3 2,c1F×G�¤J�opîñ!²¯Ñ

�K3r×deËñ�/���3fgâ��bwÔëkl¡3hijâ� 10 ml 1F
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×G�¤J3[\îÔëF×G�¤JmRË1HJ²�¯1@A (2&ñ1&ñ1/10&ñ

1/100&) 1 NB\�s�÷qrs�¼(öop1 BM\�s3]éËñ30°CÞ~

`�,î�h�1���3PÔë 

 

16S rRNA½¾=1�®��J�  

! ��îÔ./���56Ôl3ñ16S rRNA½¾=m:r®��PCR3r×+nî

ÔëÐF=�jB*1å1�áÙÔë 

! ! 341F ! 5'-CCT ACG GGA GGC AGC AG-3' 

! ! ! ! ! ! QE. coli 16S RNA½¾=op 341&#~357&#W 

! ! 907R ! 5'-CCG TCA ATT CMT TTG AGT TT-3' 

! ! ! ! ! ! QE. coli 16S RNA½¾=op 907&#~926&#WW 

! PCRqàjñ95°CÞ 3â£rmRËñ95°C 1âs56°C 1âs72°C 1â� 35HF�

²bÙñkË3 72°CÞ 10â£mRîÔëÂ~éÔ PCRò�j TOPO TA Cloning Kit

QFJìs®�¬J6ðW�áÙê pCR2.1-TOPO3ÆõîñÄÈ ²_"°u3r

× E. coli�Ö%8�îÔëÄI{t�y�îÔ 16S rRNA½¾=1´�¤0�K��

j��îê BLAST®�Ð°�áÙêbwÔë 

 

¯1»¼¹-1u�u  

! ¯1vwúÞ[\îÔ/õ39îêñ¶xc1:ÐKì�¡ (0.1 mm) �p2ñø

�ßì�¶ì�¤� (model 13110BXñEFGKMÑ�6ð) 3ê 4,200 rpmÞ 30y

/õ¿zîÔËñ{P3 30y|}îÔëQ1~(� 6��×RîÔËñ10,000 & gÞ

10â£fgâ��bÙñÂ~éÔ���ö.L�bú�îñ̄ 1»¼¹-1u�3G

îÔë¤J¥�%@A1u�jEFGÐÑ¶ß®¯FJ³Ñ�F (`"EFGÐÑ

¶Ð!Ðs��¡6ð) 3êbÙñ�c�j;��³²)øJ�áÙê(YîÔë 

 

1.!  ²ìJHF�²  

�)®�K-1, 5-ìK�J� ²!#_Ð��/G#_HÛ��  (RubisCO) ¹-  

(11)  

! RubisCO¹-j 3-±K±����J�#Û�� (PGK)ñ���²³²´µ¶-3-�

J�´µ¶®HÛ��(GAPDH) qrs±K±�\³îJ�J#Û�� (CK)�¨�

�DÔ NADH1�Èc3r×y�îÔëqàùú÷Yj 100 mM Tris-HCl (pH 8.0)ñ

20 mM MgCl2ñ1 mM EDTAñ28 unit PGK (_�=³²¶�Ñî�ï¥J6ð)ñ45 unit 

GAPDH(_�=³²¶�Ñî�ï¥J6ð)ñ10 unit CK(_�=³²¶�Ñî�ï¥J

6ð)ñ1 mM ATPñ0.1 mM NADHñ5 mM ±K±�\³îJñ20 mM NaHCO3ñqr

s 2 mM �)®�K 1, 5-ìK�J� (RuBP) 3 N9T-401ö.L�bú�p2lc
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� 100 µl�îÔëqà�Òj RubisCO1I%ÞÛ6 RuBP1op3r×bÙñ��

¡Ø NADH1��� 340 nm13�AÞu�îÔ ('=6.22 mM-1 cm-1)ë 

 

2.! É¨¡ TCAHF�²  

ATP(�IJ��³��¹-  (12)  

! ATP�IJ�(�³��¹-jhY56³�î²-CoAc�µ¶®#H°��qà

�Dêu�56tu�áÙÔëqàùú÷Yj 0.2 M Tris-HCl (pH 8.0)ñ10 mM MgCl2ñ

10 mM 2-]² sI¤$�²ñ20 mM �IJ� �"°ñ0.1 mM CoAñ0.2 M µ

¶®#_²³øJ (pH 8.4) ñ5 mM ATPqrs N9T-401ö.L�bú�p2c

� 1 ml�îÔëqà�Òj ATP1op3r×bÙñ37°CÞ 30âqà�DÔËñ1.2 ml

1 20%s��®®��� 0.3 ml1 2 M FeCl3�p2ñ³�î²µ¶®#H°�1ÖY

3r6��1O�� 520 nm13�A3r×u�îÔë³�î²-CoA�áÙÔ�c�

�(Yîêñ³�î²µ¶®#H°�c�u�îÔë)ÐJ�j CoA�·ÙÔ��

Þu�îÔë 

 

3.! 3-µ¶®#_®ÝGJ�  HF�²  (13)  

�  =®�²-CoA \��¤��  ¹-  

! =®�²-CoA\��¤��¹-j NADPH1�Èc3r×u�îÔëqàùú÷

Yj 100 mM Tris-HCl (pH 7.8) ñ2 mM MgCl2ñ2 mM NADPHñ0.4 mM =®�²-CoA

qrs N9T-401ö.L�bú�p2c� 2 ml�îÔëqà�Òj=®�²-CoA

1op3r×bÙñ��¡Ø NADPH1��� 340 nm13�AÞu�îÔë 

�  ®ÝG�²-CoA _J¤��¹-  (14)  

! ®ÝG�²-CoA¹-j NADPH1�Èc3r×u�îÔëqàùú÷Yj 100 

mM Tris-HCl (pH 7.8)ñ10 mM KClñ5 mM MgCl2ñ3 mM ATPñ0.5 mM CoAñ0.4 mM 

NADPHñ1 mM 3-µ®¶#_®ÝGJ�qrs N9T-401ö.L�bú�p2c

� 2 ml�îÔëqà�Òj 3-µ¶®#_®ÝGJ�1op3r×bÙñ��¡Ø

NADPH1��� 340 nm13�AÞu�îÔ ('=6.22 mM-1 cm-1)ë 

 

4.! ³�î²-CoA�$  (15)  

CO ´µ¶®HÛ��¹-  (16)  

! CO ´µ¶®HÛ��¹-j 2-(4-FJ¶Ü¬�²)-3-(4-�s®Ü¬�²)-2H-¯s

Ð��"°ÄÈ� (INT)1É¨c3r×u�îÔëqàú÷Yj 50 mM�J�vwú 

(pH 7.2)ñ2.5 mM INTñ0.45 mM 1-]s#_Ü¬Û�J]×H²Ü¬�s (MPMS)ñ

12.5% Triton X-100qrs N9T-401ö.L�bú�p2c� 0.8 ml�îÔëqà

�ÒjCO:K����DÔ 0.2 ml1 50 mM�J�vwú (pH 7.2)�op56Q�3
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r×qà��Òîñ��¡Ø INT1+p� 496 nm13�AÞu�îÔ ('=17.98 mM-1 

cm-1)ë 



 

11 

vw  

 

 

 

f! xyz{|}~1*+,-./1K����J�  

 

 

�¼(�iÉØÙöMÄ�÷Þhi56 N9T-401¢)  

! 1ÿ1@A1 NBqrs�¼(�iÉØÙ BM�áÙêñz{HJ²}~*+,

-./1���3PÔëÜ1vwñ4 12301./���îñ16S rDNA&¦3r×

���bwÔQ; 1WëR G+C�Ð°�-./Q��/WÚê1�÷��*Þ)~

éñ���éÔ./1 50%B�ÚQ1�²�3ÆîêÙÔëR@A NB\�s�

÷Q2& NBWÞj* G+C�Ð°�-./1�ðÚRh (44%) ñ*@A NB\�s

�÷Q1/100& NBWÞj!-®¯GE�¯�³1�ðÚR}wÔQ43%Wë(-®¯G

E�¯�³j 1& NB\�s�÷Þ1P)~éÔëÉÔ�¼(öop1 BM\�s

}~jñ Ü�z{HJ²ÃC1./ N9T-401PÚ��Þ!ÔëÔÒîñ"/j

F×G�¤JmRîÔz{HJ²� BMúõ�÷Þ�,îÔnñ�÷Ú[\56l

ú1hi��îÔc�ÞØhñ3nª1�L1V�3Qs×3hrÝ3hiîêÙÔë

Ü1/õ��!Á×\�s3rwê��îÔå1ÞÛ6ëN9T-40j 16S rDNA{

t&¦3r× R. erythropolis���îÔQ1�- 100%WëÉÔñN9T-40j�Ð°�

-1�/ÞÛ×ñ�LöÖYñ ¤Ð��qà�-ñG#_¤��qà�-��îñ

Ö'A¡qrshRA¡��å RhodococcusÆ./1���0�îÔQ; 2Wë 

!2. "#$%&'()*+,-./16S rDNA0123

445$678

49:/;</NB=$>?@!ABC/BMDEFG"
#HIJK$%LMN/&'DOF, 16S rDNA"P5$

%&'*+,-./QRDOS)TUVW$%&'()
*+,-./XKYJ/Z[D\Y]I,Y^_(G`
(GF6TabcdG+C Xefghijklbcm-

G+CXefghijk  !-Jn,o*+,-.k
pqbc"-Jn,o*+,-.
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2! R. erythropolis N9T-401�,��1��  

 

 

�¼(ßö¼(1��  

 ! N9T-40j$"Ø*+,hi��îñ�¼(öop1 BM\�s3ê 30°Cñ5

`£1�,Þxþ4ß��1r®���ÖYîÔëBMúõ�÷Þ1hijXj×�

hñ48�£1�,Þ/õ@AÚ 5,QOD660 0.25W3+pîÔÚñÜéB 1/õ1

+,j)~éØ}wÔëÉÔñúõ�÷|Þj/õÚâ¡�éûñ3nª�¢3£�

56�=Ú+��éÔëÜQÞk_3�2~éÔ1j\�s1�È3áÙÔ-.1

òÈÞÛwÔ1ÞñöM�ÞÛ6_� H²�¤�õ�îÔ BM\�s�(ðîñ

N9T-401hi���îÔQ; 4Wë_� H²\�sjµ¥3¦<�D61Ú��

ÞÛ×Q¦<ît§6�¨¢3©s�é�ª5Wñr®��1«¡Ú)~éÔÚñN9T-4

0j BM_� H²\�s�÷Þå>=3hiîÔëî}î CO22%*3qÙêñ

N9T-40j BM_� H²\�s�÷�Þhi���Ø}wÔë 

 

 

! c3�2~é6-N-j§�È�¼QCO2W1�áÞÛwÔëÜQÞñCO2!2-

���56Ôl3ñÐKîÑ�EÑ�� CO23¬4�áÙê CO22%���ç3

(ðîÔëÐKîÑ�EÑ�V1ªõ�:K�®=s�ÐÜ^�&¦îÔ�Q*

!"#$%&'( !")*+,-%&'(

!3.   N9T-4"#$%&'()

*N9T-4"+$%&,-#./0123(+4567

8(09:+;<3=>%?@AB+,-35CD

EFGH-!IJK316S rDNALMNOPQ
Rhodococcus erythropolisRSTUVWX

!4.   N9T-4"#$%&'()

*N9T-4"+BM,-./01+
BM23456,-./7,89
:;<=>?@30°C75ABC&

D1.E23456#F!GHI

1J?KL:>?MGNO1,
-./GPQ1E
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CO2j�b�éØ}wÔQ´�¤��ûWëN9T-40jÐKîÑ�EÑ�VQCO2

3¬4ØîWÞj>=Øhi��îÔÚñ�/ CO22%*Þjhi���Ø}wÔQ;

4WëÉÔ CO22%*3êhi���Ø}wÔ\�s�9ª|3®î~`£�,îÔ

�Q*ñr®��1ÖYÚ5Ç�éÔë�~3 BM\�s� 0.1% NaHCO3�op

56�ñN9T-40j CO22%*3qÙêåhi��îÔQ; 5W ëQé~1vw}~ñ

N9T-403q�6*+,hij CO23¯�îêÙ6Q�Ú4~}�ØwÔëÉÔñ

N9T-40j CO22%*3qÙêñBM\�s3�²r�K�opîêåhi���

Ø}wÔQ; 5WëÜQÞ CO22%*Þ N9T-401hi�°�Þ!6�¼(��P6

Ôl3ñ�ÿØ<QÜ²�s�Kñ:Ð�s�Kñ=J$�Kñ´JJ)ñæM�

Qr>��ñ�IJ�ñ�J?�Wñ³²r�²Q]¤$�²ñI¤$�²ñ®¥

$�²Wñ³² JQn-A#HJñn-´ Jñn-A#H´ Jñn-¯sÐ´ JW� BM

3opîñN9T-401hi�5ÇîÔëÜ1vwñN9T-40j n-A#H´ Jqrs

n-¯sÐ´ J��¼(�îêáÙÔ�1P CO22%*Þåhi��îÔQ; 5Wë�

²r�KØú1<:Ú CO22%*Þ N9T-401hi�¤�Þ!Ø}wÔQ�jST

ÅhñÉÔBË1mnÞj n-¯sÐ´ J� CO22%*Þ1�¼(�îêáÙÔëú

õ�,�3�/�¼(�opîÔ�Q*ñ³²r�²ñn-A#HJñn-´ JBzÞ

OD660 1B�1�÷1\AÚÂ~éÔë!

! ³J±�³'ö¼jI7²²�(�îêáÙ~é6Q�ÚÖ~éêÙ6 (17) ëÜ

QÞ�ÿØöMö¼Èð�QNH4Clñ(NH4)2SO4ñNaNO3ñNaNO2ñNH4NO3Wqrsæ

Mö¼Èð�Q0.05% »1I#Kñ0.05%  íø$�ñ³�MsJW� BM\�

s3opî N9T-401hi�5ÇîÔëÜ1vwñNaNO2�·Ùêñê1ö¼(Þ

>=Øhi��îñÉÔ CO22%*Þ N9T-40jhi���Ø}wÔëQ1Q�}~ñ

N9T-40j*+,-i�3³J±�³�I7²²�(�îêáÙêÙØÙQ�Ú4

~}�ØwÔë 

!"# $%&'( NaHCO
3

n-)*+,-.

 CO
2
/0123

 CO
2
/0145

!5.   "#$%!&'BM()*+N9T-4,+-./012

3N9T-4,4567$%!8&'9:BM;<=>*CO2?@A79BC:4

CO2?@ADE+FGHIJKLMN*30°C*5OP(/9:Q
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3! N9T-403q�6�������$1��  

 

 

�������$º»¼�r�¶56½¾=1��  

! �/1rÝ3 N9T-40j����}�æ56Q�Ú�³�éÔÔlñ£ä´+,

-./Þ4~}�ØwêÙ6�31�����$ ( ²ìJHF�²ñÉ¨¡ TCA

HF�²ñ³�î²-CoA�$ñ3-µ¶®#_®ÝGJ� (3-HP) HF�²) Ú N9T-4

03�ä56}úÝ}�H$°µá�å�3&¦îÔë H$°&¦Úl¶îÔ

Rhodococcus sp. RHA101´�¤0�K�áÙê (18) ñ�/���$1º»¼1�

��3PÔë Ü1vwñ¨ 13�5rÝ3ñRubisCOQ ²ìJHF�²WñÝ²ì

J�(N·õG#_¶\��¤��qrs ATP(�IJ��³��QÉ¨¡ TCAH

F�²Wñ=®�²-CoA \��¤��qrs®ÝG�²-CoA _J¤��Q3-HP

HF�²Wj�äîêÙØÙQ�Ú4~}�ØwÔë  

!"# $%&' ()

*+,-./0+

123456-1.5-,62-7*+89:;5< NF

=>?TCA./0+

1ATP@0A-72B5<

12-C9DE+F+7@B0GHF5C9:IJK0F5< ro02390

ro02389

1L+,-7@B0GHF5C9:IJK0F5< NF

=>?BGM+ - CoAN!

1CO OPI4QR5< ro04976 ;5S.3TUVW

ro04975 XOYBZ.3TUVW

ro04977 6[5+.3TUVW

ro05231 6[5+.3TUVW

ro05232 ;5S.3TUVW

ro03488 .3TUVWG

ro03489 ;5S.3TUVW

ro03490 6[5+.3TUVW

3 - PI49:H4LC-7./0+

1\4U+ - CoAJK0F5< probably NF

1H4LCU+ - CoA:-F5< probably NF

1BGM+ - CoA *+89:;5< ro06096 ! .3TUVW

ro02935 " .3TUVW

1H4LCU+ - CoA*+89:;5< ro03742 ! .3TUVW

ro06282 ! .3TUVW

ro06292 " .3TUVW

ro04222 ! .3TUVW

ro06570 " .3TUVW

ro04066 ! .3TUVW

ro01202 " .3TUVW

ro03744 " .3TUVW

ro08919 " .3TUVW

]1.   Rhodococcus RHA1
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î}îØÚ~ñ³�î²-CoA�$1º»¼ÞÛ6 CO ´µ¶®HÛ���r�¶5

6½¾=j RHA101H$°�3g~�äîêÙ6Q�Ú4~}�ØwÔë mn3

BM\�sÞhi�DÔ N9T-401ö.L�búqrsÿjâ�áÙêñ�/��

��}1¯1º»¼1�b�3PÔÚñÙûé1»¼¹-å�bÞ!Ø}wÔë  

 

 

4!  R. erythropolis N9T-40���1hi��5�h�1��  

 

 

71 RhodococcusÆ./3q�6*+,-1��  

! N9T-401*+,-jR. erythropolisÛ6ÙjRhodococcusÆ./10?¡Ø-%Ø

1}��P6Ôl3ñ²�M4}~Á×¸DÔ¤F ²îï�11033Ùê BM

\�sÞ1hi���îÔë R. erythropolis1 NBRC0êñqrs R. rhodochrous 

NCIMB112150ñATCC126740ñATCC178950ñATCC194100Ú N9T-40���

3 BM\�sÞhiîñCO22%��Þjhi���Ø}wÔÚñR. erythropolis 

NBRC1556701r®��j.L¹AÚRÙLâÞî}ÖY�éØ}wÔQ¨ 2Wëh

i���Ø}wÔ 40 (R. erythropolis IFM155qrs DMS7430ñR. rhodochrous 

ATCC17041qrs ATCC33258) j n-¯sÐ´ J��0�¼(�îÔ�÷Þåhi

îØ}wÔÔlñ+,!2-0ÞÛ6-N-Ú�³�éÔë ÜQÞñì¤øJùú

qrs�cÊÆ1ºc×3 0.1% »1I#K�opîÔBM\�sÞ1hi���

îÔë Ü1vwñê10Þ N9T-40���1hiÚ)~éÔ (¨ 3) ë î}îØ

Ú~ñkå9!Ør®���ÖYîÔ1j N9T-40ÞÛwÔë  

CO2!"#$%

BM &'( n-)*+,-.

R. erythropolis N9T-4
!!! " !!

R. erythropolis NBRC12320
!!! " !!

R. erythropolis NBRC15567
! " !

R. erythropolis NBRC16296
!!! " !!

R. erythropolis IFM155
" " "

R. erythropolis DSM743
" " "

R. rhdochrous NCIMB11215
!! " !

R. rhdochrous  ATCC12674
!!! " !!

R. rhdochrous  ATCC17041
" " "

R. rhdochrous  ATCC17895
!!! " !!

R. rhdochrous  ATCC19710
!! " !!

R. rhdochrous  ATCC33258
" " "

BM/CO2!"#/0
Strain

12.   N9T-42345Rhodococcus6789:;<=>?
N9T-4345@9Rhodococcus678ABMBCD*EF30°CG 5HIJ<%KL
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øù}~1�K����J�  

! ! »�k 1¼1øùHJ²� 5 ml1 0.85% KCl3[\îñ[\ú��� BM

\�s�÷3j�QU/WËñ30°CÞ~`£�,56tu�0cK����J��

îñ387øùHJ²}~ 1780���îÔë Â~éÔ 1780�9ª|qrs CO2

2%*Þ�,îÔ�Q*ñ140Ú CO22%*ÞhiÚ**ÉÔjhiÚ)~éØ}

wÔQ§cK����J�Wë Qé~ 14033Ùêñ1.5% NaHCO3ÉÔj KHCO3

�opîÔ BM\�s�÷3ê CO22%*Þ1hi�5ÇîÔ�Q*ñ140ê

hi���Ø}wÔë ÜQÞ CO22%*1¥"î6V3ê CO2:K�¢h�DÔ�

�*Þ�,�bwÔ�Q*ñ140| 40 (No. 3ñ31ñ56qrs 59) Ú>=Øhi�

�îÔQ8cK����J�Wë 8cK����J�ÞhiÚ)~éÔ 4033Ùê

_� H²�¤�õ�îÔ BM\�sÞ1hi���îÔë Ü1vwñNo. 3ñ31

qrs 56j_� H² BM\�s�÷Þå>=3hiîÔÚñN9T-401���

�3r®��1«¡ÚP~éÔQ; 6Wë ÉÔ CO22%*3qÙêñQé~ 30j_

� H² BM\�s�÷�Þjhi���Ø}wÔë Qé~1vw}~ñNo. 3ñ

31qrs 560j N9T-40���1)*+,hi��5Q�Ú4~}�ØwÔë  

! N9T-40���1*+,hi��îÔøù��/ 3033Ùêñ16S rDNAÄI{

t&¦3r6���bwÔë No. 3ñ31qrs 56jÜéBé Streptomyces 

viridobranneus (accession no. AB184714ñ1�- 99%WñS. bikiniensis (accession no.  

AB184602ñ1�- 99%) qrs S. exfoliatus (accession no. AB184324ñ1�- 99%) �

RÙ1�-��îÔë  

No. 3 No. 31 No. 56No. 3 No. 31 No. 56

!3.   N9T-4"#$%Rhodococcus&'()*+,-./
N9T-4#$%0)Rhodococcus&'(1BM23456730°C8 59:;,<=>

CO2?@AB<

BM+YEa CDE n-F5GHIJ

R. erythropolis N9T-4
+++ - ++

R. erythropolis IFM155
+++ - ++

R. erythropolis DSM743
+++ - ++

R. rhdochrous  ATCC17041
+++ - ++

R. rhdochrous  ATCC33258
++ - ++

BM+YEa/CO2?@AKL
Strain

a MNOJPQ)RSL60.1% TUVWXYDE<=BM2345;Z>

!6.   "#$%&'(BM)*+,-./01

22   3(456789
2N9T-4':;<(45689=>?@"#

$%&3' (No.3, 31, 56) =BM)*+,-.
/01330!CA5BCD6?@E)*+,-

(F!=GH@IJKLMNJO=PQ@.
/01=RS@E
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¤F ²îï�1hi  

! StreptomycesÆ3Æ56 40178ý²�/0 (S. aureus NBRC 100912ñS. griseus 

subsp. alpha NBRC 15421ñS. bikiniensis NBRC 14598ñS. venezuelae NBRC 13096) 33

Ùê�/1K����J��bwÔë 0cK����J�Þj 30 (S. aureusñS. 

griseus qrs S. venezuelae) Ú BM\�s�÷Þhi��îÔë §cK����

J�Þj S. venezuelae1PÚ½¾Ø*+,hi��îñCO22%*Þjhi���Ø

}wÔ (; 7) ë 

 

CO!吸着剤なし CO!吸着剤あり

!7. Streptomyces venezuelae"#$%&'

(S. venezuelae)*+!,-.BM/0123
45CO26789:;CO2678<=">?
@ABCDEFG530"55HI3%:JK
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��  

 

 

! xyz{r×��îÔRhodococcus erythropolis N9T-40j�¼(qrsI7²²�

(öop1öMÄ�÷3>=3hiîñÜ1hi3 CO2�!2îÔë î}îñI7

²²�(Ú��Þ!ØÙQ�ñCO2���$Ú4~}3ØwêÙØÙQ�}~G´

+,-H�j¿<ûñG*+,-H�À56Q��îêÙ6ë î}îØÚ~ñ"/Ú

hi56n3 CO2�!256Q�j5}ÞÛ×ñöMÄ�÷Þ1r®��ÖYå�Á

Ç`�ÂÙQ�}~ñQ1rÝØhi�G)*+,-./ (super oligotroph) 1#*Ø

CO2!2-H�ÃFÄ�ñ78�Ål6Q�3îÔë  

! £äÉÞ3ñ´+,./3qÙê 411����HF�²qrs�$ ( ²ìJ

HF�²ñÉ¨¡ TCAHF�²ñ³�î²-CoA�$ñ3-HPHF�²) ÚÖ~éêÙ

6ë  ²ìJHF�²jU�Xgh1�ðYÉÔjÈAðY./ÞMNîêÙ6k

åÖ~éêÙ6 CO2���$ÞÛ×ñº»¼j RubisCOÞÛ6ë É¨¡ TCAHF

�²jÆÇªqrs�=ª-´+,./ÞÖ~éñ2â=1 CO2}~ 1â=1³

�î²-CoAQÉÔj 4â=1 CO2}~ 1â=1G#H®��W�hY56ë º»¼

j ATP(�IJ��³��ñ2-G#×�²¤²�(N·õG#_¶\��¤��qr

sÝ²ìJ�(N·õG#_¶\��¤��ÞÛ6ë ³�î²-CoA�$j 431�

����$1|ÞÈ01´�$É�$ÞÛ×ñ0�È�¼ (CO) ´µ¶®HÛ���

º»¼�îñ2â=1 CO2}~³�î²-CoA�ðY56ë 3-HPHF�²Þj 2â=

1 CO2}~ 1â=1��G#_²�ÚðY�éñº»¼j 3-HP�hY56=®�²

-CoA \��¤��qrs®ÝG�²-CoA _J¤��ÞÛ6ë N9T-401ö.L

�búqrsÿjâ}~jñÊ#5P!Ë3ñQé~ 431�h� CO2���$1º

»¼¹-jê�b�éØ}wÔëU\ñJahn~3r× Igninococcus hospitallis1Ì

ÆÉ¨¡ TCAHF�² (19) X Berg~3r×Ó./Q³�#³W1 3-µ¶®#_

®ÝGJ�/4-µ¶®#_Í�HF�² (20)!ØúÙh3}1#*CO2���$Úá

â�éêÙ6ë î}îñQé~jÆ3#*Ø CO2���$ÞjØhñúÕ~å�

� CO2���$1G�ÖHÒ��2~é6ë��1�����$1º»¼1ÝÕÈ0

³�î²-CoA�$1CO´µ¶®HÛ��1PÚRHA101H$°3�äîêÙÔë

î}îØÚ~"»¼¹-å N9T-403jØhñCO:K�Î!9aÞ¥"î6VÞ1

hiå)êPÔÚñÏj)~éØ}wÔëCO´µ¶®HÛ��j CO�È01�¼

(I7²²�(�îêhiÞ!6�h�Q ²!#_¶E�¯�³W1º»¼�îê

åÖ~éñ"»¼3rwê COÚ CO2���È�é6�!3�©=1¾ÐÚªQ×I

7²²�(ÚÂ~é6(21)ëQ1ïð1 CO2��j RubisCO3r6rÝÞÛ6 (22)ë

kUMycobacteriumÆ1 ²!#_¶E�¯�³1 CO´µ¶®HÛ��Ú0�Èö
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¼ (NO) ´µ¶®HÛ��¹-å�3�ÙÝáâÚØ�éÔ (23)ëQéjMe-

MycobacteriumÆÚMe56nñ��ÚWÑ1Ôl3hò56 NO�â&56ÔlÞ

Û6��2~éêÙ6ëRhodococcusÆ1 CO´µ¶®HÛ��3qÙêå��1�

�ÚÛ61}åÖéØÙë 

! �~3ñN9T-401*+,hi3qÙêñRÃÚÌ4ÞÛ×ñmn���3îêÙ

6,j BMúõ�÷ÞjhiîØÙQ�ÞÛ6ëNaHCO3�opîêåhij��Ø

ÙÚñ�²r�KX³² J�p26�úõ�÷Þå>=3hi56ëBMÞúõ�

,�bÝ�3nª1V�3Qs×3hrÝ3hi56ÚñQQ}~�31Q�Ú�2

~é6ëf3jhi3j9ª3�ä56:K&'1 CO2Új!ÞjØÙ}�ÙÝQ�

ÞÛ6ëÔÒîñ\�s�÷Þj CO22%*Þ NaHCO3�opîÔïðhi��5

1Þñ�/1-N-j*ÙëåÝf3j"/1�3*+,��Þ1hijÃâic3

ÒMÞÛ6�ÙÝ,ÞÛ6ë\�s�(ð56n3¦<ÚÌÓâÞÛ6�hij$

"3�hØ6ëÉÔñ-.@A1+p3ÔÙñhiårhØ6rÝÞÛ6ëîÔÚw

êñ*+,�3jÃâÚhi3ÕÖ¡3×!ñ8$¡3júõ�,Þ!ØÙ1ÞjØ

Ù}��2~é6ë  

! ÉÔñR. erythropolis N9T-40jxyz{r×��îÔ�h�ÞÛ6Ôlñ*+,h

i�1 CO2!2-jz{�ÙÝ�ØØ()3�äîêÙÔQ��4ÙÛ61}ñÛ6

ÙjÚhç'è3�ä561}�ÙÝ,3åÛxXSTÚhkÔë̀ "1�h�²�

M43²��éêÙ6 R. erythropolis0X71 RhodococcusÆ./Ú N9T-40���

Øhi��îÔQ�}~ñ)*+,hij RhodococcusÆ3¨E1��ÞÛ6Q��

�³îêÙ6ëÉÔ`"1�ÿØïW}~ÜÁîÔøùHJ²}~ñkl¡3 CO2

!2-)*+,-./�îê 301 StreptomycesÆ./���îÔëNo. 3qrs 31

jÜéBé;>=qrsÝÞ=1ßàÃC1øùr×���éñNo. 56j¾Ö=1á

âÃC1øùr×���éÔë�~378ý²� StreptomycesÆ./ 10Ú��/0

�:ã1hi��îÔëQé~1vw}~ñQ1rÝØ CO2!2-��5#îÙ¤F

1*+,-./jç'è3Úh�äîêq×ñ��/1��ÞÛ6�ä26}åî

éØÙë��îÔ/0Ú�÷1�cYâXcû}3ù&îêÙ6æM���áîêÙ

6-N-jÉÒZ·Þ!ØÙÚñklåæ0j CO2:K�!256Q�j4�ÞÛ6ë 

U\ñWatsuji~ (24)!3r×ñ¨h./ Symbiobacterium thermophilumj�÷� CO2

:KÉÔjë��FGJ�opîÔ�1P¾îÙ�hiÚÞ!6Q��)ÙÒî

êq×ñQéj ²!�Ñ�³Jµ¶Ð��1½¾¡çèQçéWÚz8ÞÛ6��

2~éêÙ6ëÉÔê~jñCO2¯�-Ú�h�1��,-1xÍ�4ÙîêÙ6�

å�³îêÙ6ëî}îØÚ~Qé~jR@A1 CO2�!256å1ÞÛ×ñ"78

Þøùr×��îÔ/0X N9T-401hi3j9ª|1 CO2@AÞÓâÞÛ6��

2~é6ëB�1,}~ñQé~)*+,-./j#*Þëw¡Ø CO2��_K¯°
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ÉÔj CO2��0�¼(�îê�á56Q��-N356� ¡Ø�¼ºÎ}�æ

îêÙ6��2~éêÙ6ë  
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e 2g! R. erythropolis N9T-401*+,hi3  

� ¡3¢£56¤J¥�%1&¦  

 

! xyz{|r×��îÔRhodococcus erythropolis N9T-40j$"Ø*+,hi��

îñÜ1hi3j CO2�!256Q�Úâ}wÔëÉÔñ�h�1�������$

3q�6º»¼1¹-j�b�éØÙQ�}~ñ#*Þëì1>Ù�����$åî

hj�ØØ CO2ºÎ�$�æîêÙ6-N-Ú�³�éÔë"gÞjñógÞ��î

Ô�,���å�3®¯G�°&¦3r×*+,hi��Þ��¡3¢£56¤

J¥�%�íî¡3&¦îÔëÜ1vwåæ3ïwÔ�31»¼¤J¥�%33Ùê

>.3��îñ½¾=¿À01-%Øú�ilêñN9T-401*+,hi�1ºÎ�

$1&4Q��W�3PÔë 

 

 

 

mnopqrstu  

 

 

§c¨©ª«¬  (2-DE) 

! N9T-40�hi�DÔ 10~50ð1 BM\�sr×K¥î/Ð�áÙê/õ��¬

îñ0.85% KCl3êa[�bwÔëa[Ë1/õ3 5 M ñ¼ñ1 M îGñ¼ñ1% 3-[(r

Ðø¶®Ý²)�]î²³J±�G]-1-®¥JK²±J�ñ1% s�sJ X-100q

rs 1ò1®¯³��ÕÖ4 (Complete Mini EDTAñ®_/ß�F³?$K¯^Ñ

�6ðW�ió 60 mM Tris-HCl (pH 8.8) �p2 1g���3:ÐKì�¡�áÙê/

õ�¿zñfgâ�Ë1���ö.L�bú�îñk©,©ª«¬3GîÔëö.L

�bú (0.1 mg) � pH\J� 4-71 agarGEL (10 cmñ³s�6ðW3G3îñ300V

*©ôÞ 150â£«¬Ëñ¶´_²È�Ûs�"° (SDS)-³�³��²³ø¶H² 

(10 & 10 cm)�áÙÔ§c¨#1&¦�bwÔë«¬Ë1¤J¥�%j³�ì��´J

�Ü²GÐF¶ (PVDF) ÿ3)®Ñ¯^J�îñ��=_�)��³Js)²�

R-2503êe�îÔë#¡1K³Ñs�ÿr×¥×bîñ®¯FJ_�õJH� 

(model 476Añ³ÐF¶EFG_K¯°¡�ï¥J6ð) 3r× Nö"³ø$�{

t&¦�bÙñFASTA (http://fasta.genome.jp)3r×1�-���bwÔë 
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»¼¹-1u�  

! ö.L�bú1�ðj 1g���3bwÔë 

 

1.! ±²°³²´µ¶·¸¹-  (±²°³²´µ¶´^K°¤��¹-) 

! qàùú÷Yj 50 mM �J� �"°vwú (KPB) (pH 7.0)ñ0.8 mM ±²°³²

´µ¶ 3 N9T-401ö.L�bú�p2c� 100 µl�îÔëqà�Òj±²°³

²´µ¶1op3r×bÙñ30°CÞ 60âqàË1±²°³²´µ¶÷�c�±²°

³²´µ¶ß¯Ksßør� (��ù»Yú6ðW�áÙêu�îÔë1â£3 1 µmol

1±²°³²´µ¶����D6»¼c� 1 unit�îê�6îÔë 

 

2.! NAD¯�-±²°³²´µ¶´µ¶®HÛ��  

! NAD¯�-±²°³²´µ¶´µ¶®HÛ��j NAD1É¨c3r×y�îÔë

qàùú÷Yj 100 mM Tris-HCl (pH 9.0)ñ1 mM NADñ1 mM ±²°³²´µ¶ñq

rs N9T-401ö.L�bú�p2c� 1 ml�îÔëqà�Òj ±²°³²´µ

¶ 1op3r×bÙñ��¡Ø NADH1hY� 340 nm13�AÞu�îÔë1â£

3 1 µmol1 NADH�hY56»¼c� 1 unit�îê�6îÔë 

 

3.! 3-A#_®�K-6-�J�_J¤��(HPS) qrs±K±-3-A_#®F×]

Ð��  (PHI) ¹-  

! HPSqrs PHI¹-j�²r�K-6-�J�´µ¶®HÛ��(GPDH) ñ÷�2 PHI

ÉÔj HPS�¨��DñNADP1É¨c3r×y�îÔ (25) ë"u�u1zR�;

73�5ëHPS1I%ÞÛ6�)®�K 5-�J� (RuBP) j±K±�)®F×]Ð�

� (PRI)3r×�!�K 5-�J� (Ri5P)� -È�D6Q�3r×G|îÔëHPS

»¼qà1hY�ÞÛ6 3-A#_®�K 6-�J� (HuMP) �tu1 PHI3r×Ü²

�s�K 6-�J� (FMP) 3��îñ�~3±K±�²r�KF×]Ð�� (PGI)3

r×�²r�K 6-�J� (GMP) 3��îÔËñQé� NADP¯�-1 GPDH3r

×�Èîñvw�îê NADPH1hYc�u�îÔëQ1qà}3qÙê÷�2 PHI

1ºc×3÷�2 HPS�tu3p26� PHI¹-1u�}�Ø6ë÷�2 HPSqr

s PHIjûßR@9ARAL18½üý"#r×â�îêÙÔÒÙÔë 

! qàú÷Yjñ50 mM KPB (pH 7.5)ñ5 mM MgCl2ñ5 mM Ri5Pñ2.5 mM NADPñ5 unit 

PRIñ5 unit GPDH (_�=³²¶�Ñî�ï¥J6ð)ñ5 unit PGI (_�=³²¶�Ñ

î�ï¥J6ð)ñ5 unit ÷�2 PHIñ10 mM±²°³²´µ¶qrs N9T-401ö

.L�bú�p2c� 500 µl�îÔëqà�Òj±²°³²´µ¶1op3r×b

Ùñ��¡ØNADPH1hY� 340 nm13�AÞu�îÔë1â£3 1 µmol1NADPH

�hY56»¼c� 1 unit�îê�6îÔë 
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CO2 (:K) Î!9P3r6±²°³²´µ¶·¸¹-1ÅÆ  

! ±²°³²´µ¶¹-�ÅÆ56Ôl1:K�îêjñCO2Riæ:K (CO2 20.3%ñ

O2 19.8%ñN2 baseñUã:K6ð) ñCO2´iæ:K (O2 19.8%ñN2 baseñUã:K

6ð) ��áîÔëÉÔþª1Î!9PjñE#/�°³J (Vpump-140ñFø#

6ð) 3r×bwÔë 

! /õ[\ú�1ªõ1Î!9Ptu�; 8-A3�5ë5 ml 1/õ[\ú� 50-ml

·Üÿ²rJî/�)3õéñÎ!9Páqrsb!á?°î/�)�3�Ô?°"

ÞC�îêñÎ!9Pá?°î/�)}~:K�Î!9aÒëÉÔñCO2�·¸îÔ

ªõ1Î!9Ptu�; 8-B3�5ë:KÎ!9P#F3 CO23�4�?l9aÒ 

²_"°î/�) 2"�$v�DñQé�HJ²ÚõwÔÜÿ²rJî/�)�$

vîê:K�Î!9aÒë 

 

!7.   HPS"#$PHI%&'()*+

,PRI, HPS, PHI, PGI"#$ GPDH-./012345
67.89-:#;<GPDH :#8NADPH )=>?@
:AB<HPS "#$PHI %&5'(CB8DHPS : 3-E
FGHIJ-6- PHI : KJK-3-EFG
HLMNOIP<PRI : KJKQRHLMNOIP<
GPDH : STUIJ-6- VWXHYZIP



 

24 

±²°³²´µ¶·¸¹-�æ56¤J¥�%1��  

! ±²°³²´µ¶·¸¹-34c6¤J¥�%1LâVð� Resource Q Ð°�

®=s�ÐÜ^��áÙêbwÔëÜ^²¤ (0.45 µmñPVDF Hydrophilicñø�³³

6ð) 3EîÔ N9T-401ö.L�bú� Resource Q Ð° (1 mlñGEA²Kõ³

6ð)3Gîñ20 mM Tris-HCl (pH 8.0)Þa[Ëñ0-0.5M KCl�Ð�IJs�}�êù

bîÔë¹-jâ�%z*t (�Js�rJ-10ñø�³³6ðñZ·â=c 10,000W

3r×@bîñSDS-PAGE (10%ñ10 & 10 cmH²W3GîÔë�/3�îÔrÝ3«

¬Ë1¤J¥�%j PVDFÿ3)®Ñ¯^J�îñ³ø$�_�õJH� (model 

476Añ³ÐF¶EFG_K¯°¡6ð) 3r× Nö"³ø$�{t�y�îÔë 

 

½¾=¿Àá �Ñs1(ð  

! ½¾=¿Àá �Ñsj8%& PCRu3r×ñN9T-401³²´µ¶´µ¶®H

Û�� (ALDH) ½¾= (ald) 1l'|(1ÃF3 Û=F_J>- (Kmr) ½¾= 

(kan) �÷P9óQ�3r×(ðîÔ (26) ë 

! kanm:1+njñ50 ng Tn5 transposon (Epicentre6ð)�)É33îñPCR3r×

bwÔëald1 5'�Opqrs 3'*Opm:1+njñ50 ng N9T-40H$° DNA�

)É33îñPCR3r×bwÔëÉÔ]¤$�²: N,N'-�]î²-4�s®×³��J 

(NDMA) G#_¶\��¤�� (MNO) ½¾= (mno) ¿Àá �Ñsj ald¿Àá

 �Ñs���3(ðîÔë 

! "mn3áÙÔÐF=�1{tjB*1E×ÞÛ6ë 

! KAN2-20F 5'-CAA CCA TCA TTC GAT GAA TTG TGT C-3'!  

  (kan1 5'ö" (+20}~)) 

! KAN2-1150R 5'-GTT GAT GAG AGC TTT GTT GTA GGT G-3'!  

  (kan1 3'ö" (+1150}~)) 

! 5'-AL  5'-CAA TGA CCG TGT ACG CCC-3'! (ald1 5'ö" (-2}~)) 

! 5'-ALD3' 5'-GAC ACA ATT CAT CGA TGA TGG TTG GAC GCG TAC TGC ATG 

ATC AGG-3'! (ald½¾=op (741}~ 761&#) + kan1 5'ö"�1#

]ÐÐF=�) 

! 3'-ALD5' 5'-CAC CTA CAA CAA AGC TCT CAT CAA CGC AGA ACC TTA TCC 

CCG TCA-3'! (ald½¾=op (762}~ 781&#) + kan1 3'ö"�1#

]ÐÐF=�) 

! 3'-ALD 5'-TCA GAA GAA GCC CTG AGC C-3'! (ald1 3'ö"}~) 

! 5'-MNO 5'-GAT GGC TAT CGA GCT CAA C-3'! (mno1 5'ö" (-1}~)) 

! 5'-MNO3' 5'-GAC ACA ATT CAT CGA TGA TGG TTG AGA CAC GAA AGG CTC 

ACT GC -3'! (mno½¾=op (639}~ 658&#) + kan1 5'ö"�1#
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]ÐÐF=�) 

! 3'-MNO5' 5'-CAC CTA CAA CAA AGC TCT CAT CAA CCG TCT CGA TTT CGC 

GCC TTC-3' (mno½¾=op (659}~ 678&#) + kan1 3'ö"�1#

]ÐÐF=�) 

! 3'-MNO 5'-CTA GAA GTA CGA CTT GTT GAT-3'! (mno1 3'ö"}~) 

! �/1 PCRqàjêñ95°CÞ 3â£rmRËñ95°C 1âs60°C 1âs72°C 1â

� 30HF�²bÙñkË3 72°CÞ 3â£mRîÔë�/1qà3r×Â~éÔ 33

1m: (¯ 133 ng/ml) �áÙê Fusion PCR�bwÔëÐF=��Ñsj aldqrs

mno1ñ*½¾=op�+n56ÐF=���áîÔëPCRqàjñ95°CÞ 2â

£rmRËñ95°C 20ys55°C 30ys (0.1°C /yÞ+A�,) s68°C 2â� 30HF�

²bÙñkË3 72°CÞ 3â£mRîÔë 

 

N9T-401Ö%8�u  

! N9T-40� 5 ml1 3% s�¯^Ñ�×F)®K (TSB)Þ0Só�,îñ0.5% �

�_J�ió 3% TSB 5 ml3OD 660Ú 0.023Ø6rÝ3U/î"�,�bwÔëOD660 

0.9ÉÞ�,Ëñ30â£|}îÔë1,800 & gñ4°CÞ 15â£fgâ�îñ|}îÔ

HSvwú (252 mM K�®�K�ió 7 mM HEPESñpH 7.0) Þ/õ� 2�a[îÔë

HSvwúÞ OD 660 153ðcDñQé� N9T-40rJÝ¯Js�²�îÔë 

! N9T-40rJÝ¯Js�² 40 µl3 1 µl1¯½¾=¿Àá �Ñs (100 ng) �o

pîñ#/0Ñs (1 mm gapñEFGßÐÑ¶6ð) 3-îñI\�s®³\�_`

J (©è.A 1.6 kVñ/01 129 )ñT©·c 50 µF) �bwÔëÂ~éÔÖ%8�

õ� 10 mM MgCl2ñ0.5% n-¯sÐ´ Jqrs 0.1% s2F�J 80�ió HSvw

ú[\îñ30°CÞ 12�£=ªß`�Ý�,�bwÔëÜ1Ëñ200 µg/ml Û=F_

J�ió LB-.�÷3]éîñ_ï�\1C3 2 ml n-¯sÐ´ J�iÉDÔ*E

�F! 30°CÞ~`£�,îÔë½¾=1¿Àj PCR3r×5ÇîÔë 

 

RuMP�$34�56½¾=1�®��J�  

! hpsqrs phi1+njB*3�5ÐF=��áÙê PCR3r×bwÔë 

HPS-f 5'-ATG ACG AAG CTG CAG GTT GC-3' (HPS½¾=op 5ö"W 

HPS-r 5'-TCA GTG CTT CCT TGA GTG CC-3' (HPS½¾=op 3ö"W 

PHI-f 5'-ATG ACC ATC ACC GTC GAG CA-3' (PHI½¾=op 5ö"W 

PHI-f 5'-TCA GCC GAT GTT GGC GTG-3' (PHI½¾=op 3ö"W 

HPS-F75 5'-GTA CGT CGA CAT CAT CGA AC-3' (HPS½¾=op1 75&#W 

PHI-F265 5'-GAT CTG CTG ATT GCC GTC TC-3' (PHI½¾=op 265&#W 

PHI-R539 5'-TGG TCT TCA TTG CTC CAC AG-3' (PHI½¾=op 539&#W 
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PHI-F64 5'-GAG AAC GAG CGC CTA CTC AA-3' (PHI½¾=op 64&#W 

PHI-R367 5'-CCG TAG TCA CAG CGA GCA C-3' (PHI½¾=op 367&#W 

HPS-F74 5'-CGT ACG TCG ACA TCA TCG AA-3' (HPS½¾=op 74&#W 

HPS-R459 5'-GTC GAG GAG GGT CTG AAT GG-3' (HPS½¾=op 459&#W 

PHI-F184mix 5'-ATG GCC GCS ATG CGV CTG AT-3' (PHI½¾=op 184&#ßL

ðÐF=�W 

HPS-R572mix 5'-TAG ATK GCG CCA CCG GCG A-3' (HPS½¾=op 572&#ßLð

ÐF=�W 

PHI-F184deg 5'-ATG GCN GCN ATG CGN CTN ATG-3' (PHI½¾=op 184&#ß

LðÐF=�W 

HPS-R426deg 5'-BGC YTG YTC RTC NAG NCC-3' (HPS½¾=op 426&#ßLð

ÐF=�W 

HPS-R93nes 5'-YTC DAT DAT RTC NAC RTA CGG-5' (HPS½¾=op 93&#ßL

ðÐF=�W 

PHI-ConFdeg 5'-TTC GCE ATG CGI CTS ATG CAC-3' (PHI½¾=1²�opW 

HPS-ConRdeg 5'-RTC SAG SGT CTT SAG GTC TGC-3' (HPS½¾=1²�opW 

! �/1 PCRqàjêñ95°CÞ 3â£rmRËñ95°C 1âs55°C 1âs72°C 1â

� 30HF�²bÙñkË3 72°CÞ 3â£mRîÔë 
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vw  

 

 

 

f! §c¨©ª«¬3r6®¯G�°&¦  

 

 

CO22%*Þ¢£ÚÅÆ�é6¤J¥�%1&¦  

! N9T-401*+,hi34�56¤J¥�%�&¦56Ôl3ñ�¼(öop BM

�÷Q*+,hiWqrs n-¯sÐ´ Jop�÷QIÆ+,hiWÞhi�DÔ

N9T-401/õ�áÙñ2-DE3r×¤J¥�%1¢£¥¤�J1Ï�&¦îÔëÂ

~éÔ§c¨©ª«¬31Of�; 93ñ*+,hi��qrsIÆ+,hi��Þ

� ¡3¢£56¤J¥�%�¨ 43�5ëÜ1vwñ631¤J¥�%Ú*+,h

i��*Þ.hÅÆ�éñÜ1ÝÕ1 43Úâ=_ïM®J31�-��îÔë45 kDa

1¤J¥�%1 Nö"³ø$�{tj Rhodococcus sp. NI86/211 ThcE!(27)!�1�-

ÚRhñ55 kDa1¤J¥�%jf³ø$��·! RhodococcusÆ1³²´µ¶´µ¶

®HÛ�� (ALDH) (28)!�0�îÔëN9T-401�����$1&4Úe01#¡

ÞÛwÔÔlñBË�/ 231»¼¤J¥�%�þcé6å133Ùê���Ål6

Q�3îÔë 
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ÅÆ¤J¥�%�r�¶56½¾=1�®��J�  

! �/1�31�ÈÉ¨»¼39à56½¾=jH$°Ú4~}�ØwêÙ6

Rhodococcus sp. RHA101H$°�3å�äîêÙÔëÜQÞñRHA101H$°µ

á�å�3Qé~1¤J¥�%�r�¶îêÙ6½¾=�+n56Ôl1ÐF=

��Ñs�(ðîñN9T-401H$°�)É3 45 kDaqrs 55 kDa1¤J¥�%Ü

éBé39à56 1,275 bpqrs 1,524 bp1 DNAm:� PCR3r×+nîÔë+n

îÔ DNAm:r×:�îÔ³ø$�{t� BLAST��3r×³ÐF]Js�bw

Ô�Q*ñ45 kDa1¤J¥�%j�Ð°�-]¤$�²òÈ-./Q]î®s®�ÜW

Amycolatopsis methanolicaqrsMycobacterium gastri MB19ÃC1]¤$�²:N,N'-�

]î²-4�s®×³��J (NDMA) G#_¶\��¤�� (MNO) (29) X

Rhodococcus sp. NI86/211 ThcE (27) �1�-��îÔë0t 55 kDa1¤J¥�%j

R. erythropolis UPV-10ÃC145à³²´µ¶39îêI%� -1ÚÙALDHQ1

�- 99.6%W(28)!qrs Rhodococcus sp. NI86/2101 ThcAQ1�- 99%W(30)!�R

Ù1�-��îÔëUPV-101 ALDHj±²°³²´µ¶3å(á56����Ø

!"#$%&'()*+, MM1a MM2d

-./0!1234567 (kDa) (kDa)

89:;<="#

O-1 97 MDTGSLTEKSEALQEAON >?@A. ClpB 97.2 YP_706636

MDIGKFTEKSQQALAEAQN

O-2 70 ATAVGIDLGTTNX >?@A. DnaK (HPS70) 67.3 P80692

ARAVGIDLGTTNX

O-3 70 ATAVGIDLGTTNX >?@A. DnaK (HPS70) 37.3 P80692

ARAVGIDLGTTNX

O-4 55 TVYARPGTADAIMSFQSRYD ALDH 55.2 AAZ14956

TVYARPGTADAIMSFQSRYD

O-5 45 AIELNQIWDFPIWEF MNO 46.5 AAB80771

AIELNQIWDFPIKEF

O-6 35 ARDYYELGVP-RAARDDI >?@A.DnaJ3 33.4 Q0S1V6

ARDYYEVGVSRSASQDEI

BC9:<="#

H-1 60 AKITAFDEEARRQLERGLNA >?@A. GroEL 56.6 YP_702111

AKTIAYDEEARRGLERGLNA

H-2 40 MDLFEYQAKELFAEHXV 20>DE-CoA>.F-GH I-JKLD45 40.8 YP_880328

MDLFEYQAKELFAKHEV

H-3 36 TVRVGVNGFGRIGRNFFRAV MNOEPEQRS-3-N.TQRSAUVGH 35.9 YP_707099

TVRVGINGFGRIGRNFFRAV   (GAPDH)

H-4 33 AEVLVLVEHAEGALKKVVTE WXYZ[\]^_AF`.a!-JKLD45 32.0 YP_706396

AEVLVLVEHAEGALKKVSTE

H-5 33 ANYTAADVKRLRELTGSGMM bcdX EF1B 29.3 YP_706510

ANYTAADVKRLRELTGSGMM

H-6 30 TNIVVLIKQVPDTWSERKLTDG WXYZ[\]^_AF`.a"-JKLD45 28.0 YP_706395

TNIVVLIKQVPDTWSERKLTDG

N-e"fgb -./0!hc Accession no.e

ijkalmnWopq(rstuvw-./0!

a: !"#$%&'()*+,-./b: 012+N
c: !3456 (FASTA) 7&'312+%89:";/d: 
e: GenBank Accession no.
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ALDHÞÛ6ë 

 

 

�! R. erythropolis N9T-401±²°³²´µ¶·¸¹-  

 

 

N9T-401±²°³²´µ¶·¸¹-!  

! ó6Þ�PÔE×ñ]¤$�²3(á56MNOqrs±²°³²´µ¶3(á5

6 ALDHÚ� ¡3¢£îêÙ6Q�r×ñN9T-401*+,hi�]¤$�²ºÎ

�14$Ú�³�éÔëî}îØÚ~ñ"/j]¤$�²��0�¼(ßI7²²�

(�îêòÈ56Q�ÚÞ!ûñ�/»¼1�ä�@A56ÚñU\ñ´]î®s®

Ü^Ñ�Ø./X³�#³3å±²°³²´µ¶ºÎ}Ú)ÙÒ�éêÙ6Q�}

~ñ"/1±²°³²´µ¶·¸N3�#îñ���bwÔë 

 ! *+,qrsIÆ+,��*Þhi�DÔ N9T-401ö.L�bú��ðîñ±

²°³²´µ¶·¸¹-�u�îÔëÜ1vwñN9T-40j.ÚØ±²°³²´µ¶

·¸¹-�å3Q�Úâ}wÔQ" 10-AWëIÆ+,��*1±²°³²´µ¶·¸

¹-j 0.10 units/mg•proteinÞÛwÔ139îñ*+,hi��*1¹-jÜ1¶ 3

, (0.31 units/mg•protein) ÞÛwÔëÉÔ��¡Ø¯1@A±²°³²´µ¶·¸3

3Ùê��îÔ�Q*ñ30 mM ±²°³²´µ¶j¶ 300âñ60 mM ±²°³²´

µ¶j¶ 400âÞl'7¸îñ100 mM1R@AÞå¹-j8céØ}wÔ (; 10-B) ë 
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CO23r6±²°³²´µ¶·¸¹-1ÅÆ  

! N9T-403q�6*+,hi�±²°³²´µ¶·¸¹-Ú754�îêÙ6}

��P6Ôl3ñCO23r×±²°³²´µ¶·¸¹-ÚÅÆ�é6}��îÔë

\�s�÷Þ1�,j/õ�9c3�ð56Q�Ú��ÞÛ6Ôlñ+,(19vØ

úõ�÷ (LB�÷qrs 2& LB�÷) �áÙê N9T-401/õ�9c3�ð56Q

��3PÔëÜ1vwñN9T-40j 2& LB�÷Þ�,56�ñ�, 44�£Þ�:±

3Ðî(OD660 10.2)ñ±²°³²´µ¶·¸¹-1ÅÆj)~éØ}wÔëÜQÞ 2& LB

úõ�÷Þ9~+,±|±ÉÞhi�DÔ N9T-401/õ3ñCO2Riæ:K�0�

�£ (45ñ90ñ180â£) Î!9aÒËñ±²°³²´µ¶·¸¹-1ÅÆ�3PÔ! (;

11-A) ëÜ1vwñ±²°³²´µ¶¹-jhÅÆ�éØ}wÔëQ1mntuÞ

j 2& LBúõ�÷|3 CO2�Î!9aÞÙ6Ôlñ+,â3rwê*+,hiºÎ}

Ú;2�éñ±²°³²´µ¶·¸¹-ÚÅÆ�éØ}wÔ-N-Ú�2~éÔë 

! ÜQÞ N9T-40� 2& LBúõ�÷Þhi�DÔËñ�÷� BMúõ�÷3êF�

îñÜ1Ë CO2Riæ:K�0��£(45ñ90ñ180â£) Î!9Pñ±²°³²´µ

¶¹-�u�îÔ (; 11-B) ëÜ1vwñCO2Riæ:K3rwê±²°³²´µ¶

·¸¹-ÚÅÆ�éÔÚñrJs®�²�îêáÙÔ CO2´iæ:K3rwêå±²

°³²´µ¶·¸¹-ÚÅÆ�éÔëôõîÔ CO2´iæ:Kjñ�¼ 20%�ö¼

80%�LðîÔ:KÞÛ×ñCO2�hiÉØÙ²BjØhñÉÔLð56n3�c

3 CO2ÚLõîÔ-N-å�2~é6ëÜQÞªõ�Î!9ó?°î/�)3 CO2

3�4�?lÔ ²_"°î/�)� 2"$v�DñCO2�iÉØÙªõ�Î!9ó

#F�(ðîÔëQ1#F�áÙêñ�/mn���3Ü1ÉÉ1þªQ9ªW�

CO2�·¸îÔþª�Î!9óQ�3r×ñ±²°³²´µ¶·¸¹-1ÅÆ�3P

Ô (; 11-C) ëÜ1vwñCO2�·¸îÔþª�Î!9aÒ��Þjh±²°³²

´µ¶·¸¹-Ú�b�éØ}wÔQ�}~ñCO23r×±²°³²´µ¶·¸¹-

ÚÅÆ�é6Q�Ú��éÔë 

!

 

±²°³²´µ¶·¸¹-�æ56¤J¥�%1��  

! ±²°³²´µ¶·¸34�56»¼���56Ôl3ñ*+,hi��*Þhi

�DÔ N9T-401ö.L�bú� Resource Q Ð°3r6�FGJ<��®=s�

ÐÜ^�3r×âjîÔëÜ1vwñÜÐ�_`J No. 30qrs No. 313½¾Ø±

²°³²´µ¶·¸¹-��5Ý��ÚÂ~éÔëÉÔñÜé�jF3 NAD¯�-

±²°³²´µ¶=Ã¼»¼¹-1Ý��ÚÜÐ�_`J No. 33qrs No. 343)

~éÔ (; 12) ë 
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±²°³²´µ¶·¸¹-qrs NAD¯�-±²°³²´µ¶=Ã¼»¼¹-ÚÛ

6ÜéBé1ÜÐ�_`J�Ü^²¤3ê@bîñSDS-PAGE3GîÔvwñ±²°

³²´µ¶·¸¹-qrs NAD¯�-±²°³²´µ¶=Ã¼»¼¹-�9à56

¤J¥�%1EJ¶��bÞ!ÔëQé~1¤J¥�%1 Nö"³ø$�{t�&¦

îÔ�Q*ñæ»¼�j!�îØÙ±²°³²´µ¶·¸¹-��îÔ¤J¥�%j

MNOñNAD¯�-±²°³²´µ¶=Ã¼»¼¹-��5¤J¥�%j ALDHÞÛ

6Q�Ú>4îñ�/1®¯G�°&¦Þ���éÔ»¼¤J¥�%�Æ30�

îÔë 

 

! MNOj NDMA�©=N·õ�îê]¤$�²��È56»¼ÞÛ6ÚñØ?±²

°³²´µ¶7¸34�561}�ÙÝ�ÙÝÛxÚhk6ëÜQÞ±²°³²´µ

¶·¸3ÔÝqàhY��5ÇîÔ�Q*ñ±²°³²´µ¶1��3IÙñü±²

1]¤$�²qrs²�ÚhYîÔ(; 13)ëîÔÚwêñN9T-401±²°³²´µ

¶·¸¹-jMNO3r6±²°³²´µ¶´^K°¤��¹-3ÃC56Q�Ú�

³�éÔë 

 

 

 

!"# (ml)

$
%
&
'
( 

2
8
0
 n

m
)

(
)

 (
1
0

-2
 U

/m
l)

''*+,-./0/12

29   30  31  32   33  34  35

97

66

45

kDa

A B

!12. "#$%#&'()*+,-./0123!456

A : BM789:;<=>?@ABCD>EFGN9T-4H4IJKLMN-Resource QOP$3QR:

     SPTU9BVWXYZ[\YX4]^_`ab"#$%#&'(&Uc$09d+,eVf
      NADab,ALDH+,-g6ZGh
        (ij : ALDH+,,[ik" : MNO+,[ lm : 280 nm;40123!no)

B : !A4npYX4SDS-PAGE hq1( b eVf c 4N r2-DE;sMEtG45

      eVf55 kDa0123!4N a4N

      STTGTRKTAAELQQDDDTN;uW[Rhodococcus sp. RHA1

      vwxGh
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N9T-403q�6 ALDHqrs MNO¹-1ÅÆ  

! ±²°³²´µ¶·¸34�56Q�Ú4~}3ØwÔ 231¤J¥�%ñALDH

qrsMNO1�,��3r6¹-¢£1Ï���îÔ (¨ 5) ëÜ1vwñ*+,�

�*ÞkåRhØ×ñÜéBé LB�÷1¹-3OP¶ 54,ñ59,ÞÛwÔëÉÔ

BM�÷Þå�²r�K�op56� 1 /3 @A3¹-Ú**îÔ (´�¤��ûWë

Qé~1vw}~ ALDHqrsMNO¹-j*+,��ÞÅÆ�éñ+,(3r×2

Ñ�N�6Q�Ú4~}�ØwÔë�~3±²°³²´µ¶1opëw�5ÇîÔ�

Q*ñMNO¹-j±²°³²´µ¶3r×ÅÆ�é6ÚñSTÅÙQ�3 ALDH¹

-j±²°³²´µ¶3r×ÅÆ�éØÙ�ÙÝQ�Ú4~}�ØwÔ (¨ 5) ë 

ALDH MNO

LB 2.05 0.524

LB + !"#$"%&' 1.81 1.84

BM 109.8 31.0

BM + n-()*%+, 31.9 10.0

-.
/01 -2 U/mg)

25. N9T-43456789:ALDH;<=MNO01a

a  : N9T-4!"1 mM#$%&$'()*+,-."+,LB/01230°C, 234/5
678-. 9:;'<=*+,-."+,BM>?@:1230°C8534/57.A

!13. MNO"#$%&$'()'*+%,-./0

A : 1234MNO"#$%&$'()'*+%,-./0
5  !12"6789:;31<50 mM 70 mM #$%&$'()=/0>?@/0
      

5  A,B-$C D+8EFGH76*-@ 

       IJ #$%&$'()KL@MJ A,B-$KL@NJ 
B : #$%&$'()'*+%,-."/0O
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�! º»¼½¾=¿À01ÁÂ�-%  

 

 

ALDH½¾=¿À01ÁÂ  

! �/1rÝ3 N9T-401*+,hi3 ALDH�MNOÚ4�îêÙ6Q�Ú�³

�éÔëÜQÞñALDHqrsMNOÚ*+,hi3jAÞÛ6}���56Ôl3ñ

Éû ALDH½¾=1¿À�3PÔë 

! ALDH½¾=ñ*op (1,524 bp) 1l'|(1ÃF (+761)3ñ1,131 bp1 Kmr½¾

=�BõîñALDH½¾=¿Àá �Ñs�(ðîñI\�s®³\�_`Ju3r

× N9T-403ÆõîÔëÂ~éÔ Kmr� 0 420033Ùê PCR3r× ALDH½¾

=m:�+nîÔvwñ40Þ 2.7 kb1m:ÚÂ~éñALDH½¾=V3 Kmr½¾=

Ú÷P9Éé ALDH½¾=Ú¿À�éêÙ6Q�Ú5ÇÞ!Ôë 

! Â~éÔ ALDH¿À033Ùê¯1�÷Þ1hi�5ÇîÔ�Q*ñALDH½¾

=¿À0j�¼(öop1 BM�÷Þjhi���ûñn-¯sÐ´ J1op3r×

hi��îÔ (; 14) ë 

 

Q1vw}~ñALDHj N9T-401*+,hi3qÙêjAÞÛ6Q�Ú�³�éÔë

ÉÔñN9T-40j�²r�K��¼(�îêhi56�3å CO2�j!�56Q�Ú

QéÉÞ1vw}~4~}3ØwêÙ6ÚñALDH½¾=¿À0j�²r�K��¼

(�îÔ�÷Þjãh0��@A1hi��îÔQ�}~ñALDHj�²r�KÞ1

hi3j4�îêq~ûñ�²r�Khi�1 CO2!2-j*+,hi�1 CO2!2

-�j Ø6Q�Ú�³�éÔëÉÔñe 1gÞhi���îÔ RhodococcusÆ./

1¤F ²îï�1101¯H$°�)É3 PCR3r× ALDHqrsMNO39à

56G²×®�½¾=1���bwÔ�Q*ñê10ÞC½¾=Ú+n�éÔQ´

�¤��ûWë 

 

 

!"#$%& '("#%&

!14. N9T-4"#$"%&' ALDH()*+,"-$.

/N9T-4"#$"%&' ALDH()*+,"0BM1

23456789:;<$.=>?@ABC;<=>
DE30!93FGH<8@IBC;<=>EA123
4-J5n-K4LMNO0P?Q@RS0TU@I
W : #$"9nos : ALDH()*+,"
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MNO½¾=¿À01(ð  

! ALDH½¾=¿À0(ð����3ñMNO½¾=ñ*op (1,275 bp) 1l'|(

1ÃF (+658) 3 1,131 bp1 Kmr½¾=�BõîñI\�s®³\�_`Ju3r×

MNO½¾=¿Àá �Ñs� N9T-403ÆõîÔëÂ~éÔ Kmr01|}~¶ 1ñ

000033Ùê PCR3r×MNO½¾=m:�+nîÔvwñê1 Kmr01MNO

½¾=P3 Kmr½¾=jBõ�éêÙØÙQ�Ú4~}�Ø×ñKmr½¾=Ú´1�

÷P�2�ªQîêÙ6Q�Ú�³�éÔë0?¡3 RhodococcusÆ./j´1�÷

P�2Ú´:3ªQ×X5ÙQ�ÚÖ~éêÙ6ë 

 

 

4!  ��Ã¼Ä3r6 ALDH qrs MNO 1ÅÆ 

 

 

`�Ý3r6 ALDH qrs MNO ¹-1ÅÆ 

! �/1vw}~ñ±²°³²´µ¶·¸¹-j CO23r×ÅÆ�éñ±²°³²´

µ¶·¸¹-�DÝ»¼jALDHqrsMNO1 21ÞÛ6Q�Ú4~}�ØwÔë

»¼¹-1 CO2ÅÆ-33Ùê�~3>.Ø���bÝÔl3ñCO2Î!9Pmn1

EFÈ�3PÔë2& LBúõ�÷Þ N9T-40�9~+,±|±ÉÞhi�DñBMú

õ�÷Þ/õ�a[Ëñ5 ml BMúõ�÷3[\îÔ/õ (OD660 5) �3nª3âÊ

î 30°CÞ`�Ý�,îÔë�,Ë1/õ��¬îñALDHqrsMNO¹-�u�

îÔëÜ1vwñ̀ �Ý3r×��¡3ALDHqrsMNO¹-j�,îÔ (; 15) ë

ÉÔC»¼¹-1ÅÆ3j�£ÏÚ)~éñALDH¹-jMNO¹-r×ÂhÅÆ�

é6GH3ÛwÔë 

!15. "#$%&'N9T-4()ALDH*&+MNO,-)./

02! LB123456789:;:<53=>BM12345?@ABC2DE1 (OD660=5) 5 mlF
!GH%IJB30°C%K"#$3=FLMBALDH*&+MNO,-FNOP%QR>ST

UV: ALDH,-, WV: MNO,-
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ALDH¿À0Þ1C»¼¹-1ÅÆ  

! ALDH¿À0Þ1C»¼¹-1ÅÆ���îÔë�/���3 N9T-40qrs

ALDH¿À0 (no. 9) �`�Ý�,ËñALDHqrsMNO¹-�u�îÔëÜ1v

wñALDH¿À0Þj ALDHÒ�ÞØhMNO¹-åÅÆ�éØ}wÔ (; 16-A)!ë

ÉÔñSDS-PAGE3r×C»¼1¢£�5ÇîÔ�Q*ñN9T-40Þj ALDHqrs

MNO1��¡Ø+pÚ5ÇÞ!ÔÚñALDH¿À0ÞjC»¼�å3ÅÆÚ)~é

Ø}wÔ! (; 16-B) ë 

 

 

��Ã¼Ä3r6C»¼¹-1ÅÆ  

! `�Ý3r×C»¼¹-ÚÅÆ�é6Q�Ú4~}3ØwÔÔlñC»¼Ú CO2

3r×ÅÆ�éêÙ61}�>.3��îÔë`�Ý�1 BMúõ�÷3 NaHCO3

�opîñC»¼¹-�u�îÔëÜ1vwñ��Ã¼Ä1op3r×C»¼¹-j

**îÔ (¨ 6) ë�÷�1��Ã¼Ä1op3r×�÷ pHÚ¾îh�,îÔÔl3

¹-Ú**îÔ��2~éÔëÜQÞñ�J�@A� 10,3îÔ BMúõ�÷ (10& 

!16. "#$%&'()*+&,ALDH-./01*%+2'ALDH+&,MNO34567

A: ALDH+&,MNO3489:;5<=

> 2!LB?@ABCDEFGHICAJKBM?@ABCLMNOP@QR? (OD660=5) 5 ml S

> !TU%VWO30"%X"#$AJSYZOALDH+&,MNO34S89: (0O1.5O3 9[)

> \]K^_

B : SDS-PAGE%&'ALDH+&,MNO5`a

> A534\]%bZ^cdefg? (10 µg) SSDS-PAGE%hK^_
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BM) �áÙê��îÔëÜ1vwñ0.02% NaHCO31op3r×rJs®�² (��

Ã¼Ä1opØî) �OfîêC»¼¹-1�,ÚÇl~éÔ (¨ 6)!ë 

 

 

 

5! ±²°³²´µ¶�È�$1&¦  

 

 

N9T-403q�6 HPSqrs PHI1��  

! B�1rÝ3ñ±²°³²´µ¶�È34c6�31»¼j*+,��*ÞÅÆ�

é6Q�Úâ}wÔÚñQé~1Q�}~ N9T-401.LVÞ±²°³²´µ¶Úh

Yîñ*+,hi3j±²°³²´µ¶��Ú4�îêÙ6Q�Ú�³�éÔë

Rhodococcus sp. RHA103q�6H$°&¦1vwñ]î®s®�Ü./1��¡Ø

±²°³²´µ¶���$103ÞÛ6 RuMP�$1º»¼ (HPSqrs PHI) 1±

±®�ÚGM®J�ÖYî�äîêÙ6Q�Úâ}wÔ (; 17)  (31) ë 

 

 

!17. Rhodococcus"RHA1 #$%&'  (RuMP) (!)*+,-./"01

2Rhodococcus sp. RHA1#$%&'phi-hps (RuMP) 3456789:Rhodococcus Genome Project

(http://www.rhodococcus.ca/index.jsp)7;<=>?@A#B7CDE:F.GHIRHA1#.?@AJ5K

LMNOPQRSEORF78=ThpsIro00489, phiIro00488UVWRS>X':Y.GHIZS[S.

+,-01$\X>]@^_`a6RSEbc789:
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ÜQÞñÉû RHA101H$°{t�å�3¯1ÐF=��(ðîñPCR3r×

hpsqrs phi1+n�3PÔÚñ#¡1 DNAm:�Â6Q�jÞ!Ø}wÔëc3

RHA10ñR. opacusñM. gastri3qÙê DNA\0²Þ²��éêÙ6op�I32

4îÔÐF=� (phiF184mixshpsR572mix)ñ³ø$�\0²Þ²��éêÙ6op

�I324îÔbëÐF=� (phi184degshpsR426degñhpsR93nes)ñ�~3QéÉ

Þ3Ü1MNÚáâ�éêÙ61ÿ1h�1 hpsqrs phi�Ð�3îê24îÔ

ÐF=� (PhiConF_degñHpsConR_deg) �áÙê�ÿØ��Þ PCR�bwÔëî}

îØÚ~ñ"mn1IJÞj hpsqrs phi½¾=�+n56Q�jÞ!Ø}wÔë 

! ÜQÞñN9T-401ö.L�bú3q�6 HPSqrs PHI¹-1�b�3PÔë

Ü1vwñ*+,-i� ¡3 HPSqrs PHI¹-QÜéBéñ3.18qrs 1.35 

mU/mg•proteinW��b56Q�ÚÞ!ÔëQé~1vw}~ñN9T-40j±²°³²

´µ¶ È�$3p2 RuPM�$3r6±²°³²´µ¶�È�$åæîêq×ñÙ

ûéå*+,hi��J�îêÙ6Q�Ú�³�éÔë 
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��  

 

 

! N9T-401*+,-hi�3�31¤J¥�% (45 kDaqrs 55 kDa) Ú.hÅÆ

�éñÜéBéMNOñ±²°³²´µ¶3(á56 ALDH�äwÔ]¤$�²ºÎ

4$»¼�RÙ1�-��îÔQÔÒîñALDH1tj]î®s®�Ü3P~é60

?¡Ø±²°³²´µ¶´µ¶®HÛ���j1�-j��ØÙWë]¤$�²Øú

CO2Bz1 C1Èð��È01�¼(ßI7²²�(�îêhi-NØ]î®s®�Ü

./3qÙêñ]¤$�²j]¤$�²´µ¶®HÛ�� (MDH) 3r×±²°³²

´µ¶3�È�é6 (32) ëQ1±²°³²´µ¶Ú]¤$�²ºÎ1âK,ÞÛ×ñ

±²°³²´µ¶}~²���ê CO23ÉÞ�È�é6 È�$�±²°³²´µ

¶Ú�)®�K±$�J��$ (RuMP�$) ÉÔj��J�$3r×.LñYYâ

�îê���é6�È�$3Fé6 (; 18) (33)!ë 

  

! îÔÚwê N9T-403å�/1rÝ3]¤$�²ºÎ}1�äÚ�³�éÔÚñ]

¤$�²��0�¼(ßI7²²�(�îêòÈ56Q�jÞ!ØÙëî}îØÚ~

U\ñ́ ]î®s®Ü^Ñ�Ø./X³�#³3å±²°³²´µ¶��}Ú)ÙÒ

�éêq× (34ñ35)ñ�ÿØqà3rwêhk6±²°³²´µ¶1L-�M1Ôl

3×h�ÙÝ�2åÛ6 (34) ëÉÔ]¤$�²òÈ-/3qÙêjñL-1RÙ±

²°³²´µ¶�·¸56NOîÔ�ÿØ}1�äÚÖ~éêÙ6 (33) ëmn3"

!18. "#$%$&'()*+,-./01"23&456
MDH : "23&4789$:;&<=FADH : >4?@4789789$:;&<=FDH : 789$:;&<
A"23&4BMDH

CDE!FGNADHIJFADH NADHIJFDH*KLCO2

MN2OPFQR-ST (NADH) 

.U=>4?@4789VDE!FGRuMPE!WXYZE!B[\]^+L=MNE!_`a^>4?@478

9G(bcddefWgh]-i
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783rwê N9T-40j.ÚØ±²°³²´µ¶·¸¹-��ÕñQ1¹-�DÝ»

¼¤J¥�%Ú�/�31»¼ÞÛ6Q�å4~}3îÔëÉÔñMNO1±²°³

²´µ¶3956(áj±²°³²´µ¶}~]¤$�²�1É¨�äwÔ=Ã¼

»¼1�Ø6üqàÞjØhñ±²°³²´µ¶}~]¤$�²�²���ÌPÈ�

é6ñÙcQ6´^K°¤��qàÞÛ6Q�Úâ}wÔÚñmjMNO1´^K°

¤��qàjÓh}~Ö~éêÙ6 (32) ë�Ð°�-]î®s®�Ü./1MNO

j 1H)��Ñs33! 1â=1 NADP(H)�´¨ævðÞ.�3vðîêq×ñQ

1 NADP(H)Ú´^K°¤��qà3¸�56Q�Úâ}wêÙ6! (36)!ë"CR�É

æ»¼�îêMN56 NADPÚ»¼3vðîêÙ6Q�jSTÅÙÚñ73j�Ð°

�-]î®s®�Ü1A. methanolicaXR. erythropolis DSM10691³²r�²(NDMA

G#_¶\��¤��j¤J¥�%V3´¨ævð NAD(H)�æîêq×ñ45à³

²r�²39îÚÙI%� -��5Ú]¤$�²3j¹-ÚØÙ (37ñ38) ë

Bacillus methanolicus C11 NAD¯�-]¤$�²=Ã¼»¼åÉÔ´¨ævð

NAD(H)!�iæîêq× (36ñ39)!ñ³�î0�¤�¤J¥�%ÚÉ¨�éÔ NADH

rÜÿ�¤�1�È�SÅ56 (40)!ëî}îØÚ~MNO�·ÙêQé~1�rî

$¤J¥�%j±²°³²´µ¶´^K°¤��¹-���ûñÉÔ N9T-401 45 

kDa1¤J¥�%�11�-å4~}3*}wÔë 

! MNOñALDHC»¼¹-�å CO2Q��Ã¼ÄW3r×ÅÆ�éñALDH½¾=

¿À0j*+,-���ØhØwÔQ�j N9T-401 CO2¯�¡*+,hi�Q£

�6å1ÞÛ6ÚñSTÅÙ1jC»¼�å±²°³²´µ¶3(á56»¼ÞÛ6

3å4c~ûñMNO¹-j�÷|1±²°³²´µ¶3rwêÅÆ�é6ÚñALDH

¹-jÅÆ�éØÙQ�ÞÛ6ëÉÔñ½¾=¢£33ÙêjÊË>.Ø��Új!

ÞÛ6Úñ»¼¹-�îêj ALDHÚÅÆ�éÔË3MNOÚÅÆ�é6rÝÞÛw

Ôë�~3 ALDH½¾=¿À03qÙêjñú1rÝØ�,��3qÙêå ALDH

<}×ÞØhMNO¹-å�b56Q�jÞ!Ø}wÔëQé~1vw}~ñN9T-4

0j*+,hi�3.LV3±²°³²´µ¶�hY56Q�ÚÔÕ�éñQ1±²

°³²´µ¶1hY3 ALDHÚ4�îñhYîÔ±²°³²´µ¶1â&3MNOÚ

4�56Q�Ú�2~é6ëQ1rÝ3 N9T-403qÙêjñ*+,hi� ¡ñ

CO2¯�¡3±²°³²´µ¶�È}Ú×hQ�Ú4~}�ØwÔë 

! 0tñ±²°³²´µ¶1��}�)6�ñhpsqrs phi½¾=Ú Rhodococcus sp. 

RHA101H$°|3�äîêÙ6Q�}~ñR. erythropolis N9T-403qÙêå

RuMP�$ÚMNîêÙ6Q�Ú�³�éÔëmn3*+,hi�DÔ N9T-40}~

HPSqrs PHI¹-��bÞ!ñQé~1Q�}~*+,hi�3hY�éÔ±²°

³²´µ¶Ú RuMP�$3r×���éêÙ6Q�Ú�³�é6ëU\1�ÿØ�h

�1H$°®�¬�s3r×ñhpsqrs phi½¾=1G²×®�ÚC-./X³
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�#³1H$°|3ÚhâéîêÙ6Q�Ú4~}3ØwêÙ6(41) ëRuMP�$1

hRA¡��103j±²°³²´µ¶1&LÞÛ6Q�ÚÖ~éêÙ6ëBacillus 

subtilisj±²°³²´µ¶�ió�÷Þ�,îÔ�1P HPSqrs PHI�hYîñ

»¼qà�Eîê±²°³²´µ¶�&L56 (34) ëE��Jâ&./ Burkholderia 

cepacia TM101ïðÞjñE��J1 protocatechuic acid�1Ã�È�3]s#_²

I}~±²°³²´µ¶ÚR�îñHPSqrs PHIÚhYîÔ±²°³²´µ¶1&

Lqrs�È34�îêÙ6! (42) ëU\ñ³�#³3q�6±²°³²´µ¶��

�$1#*ØhR¡���îêü�×1 RuMP�$Úa¢�éêÙ6ë³�#³1

RuMP�$jÌÆØMJs�K�J��$�æÝÔl3ñHPSqrs PHI3r6±

²°³²´µ¶��1üqà��ÃîÔÜ²�s�K 6-�J�}~1�)®�K 5-

�J�1ðY34�îêÙ6! (35ñ43) ëR. erythropolis N9T-403qÙêñRuMP�

$3r6*+,-hi�1±²°³²´µ¶��j RuMP�$1hR¡��1&4

10"�DÝå1ÞÛ6��2~é6ë 

 

! B�178vw�QéÉÞ1Ö)r×ñN9T-401*+,-hi3q�6 CO2!2

] �¡°�B*1rÝ3��îÔ (; 19) ë 

(1)  ALDHÚ4�îêÙ6-N-ÚÛ6TÖ1qà3r×ñCO2}~±²°³²´µ

¶ÚhY56ë 

(2)  ±²°³²´µ¶jMNO1ÌPÈqà3r×ñL-1*Ù]¤$�²ñ²��

 �0�¡3���é6ë 

(3) ! MNO1üqà3r×ñj!3àkê]¤$�²�²�}~±²°³²´µ¶Ú 

! !  hYîñRuMP�$3r×�È�é6ë 

!19. "#$%&'()*+,-.N9T-4/%CO2!012345

(1) ALDH6789:;.<=>6?.@A%BCDEFGCO2()HCHO6HIJ.K
(2) HCHOLMNO

(3) MNO HCHO6HI9GRuMPM"DEFNO,-.K
ALDHPQRSTUSTUVWXYZGMNOP1[\YR:NDMA

FDH : STUVWXYZGHPSP3-]^_VY`-6- 
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É�l�ÊË1ÌÍ  

 

 

! "78Þjñ*+,-./33ÙêQéÉÞ�j Ø6tuÞ��ß&¦�ÅlÔë 

"$%Þ|g�ØwÔ R. erythropolis N9T-40���Ëî<~hj�,3q�6��

�UV56Q�Ú��ÞÛ×ñ"/1hi3ðcDÔmn}�ñWîØ�é<Ø~Ø

}wÔÔlXY�!îÔëî}îØÚ~ñÜ1vwQéÉÞ1�h�A1IZ3jØ

Ù�,tu�ñW56Q�ÚÞ!ñÊÉÞ3��Þ!Ø}wÔQ)[�éêÙÔW�

h�1�ä3ªÚ3ÙÔ�þwêÙ6ë 

! e 1gÞjxyz{}~1*+,-./1K����J��bÙñ�¼(öop1

BM\�sÞ>=3hi56 N9T-40���îÔë"/jÆöMÄ}~Ø6 BM

_� H²\�s3qÙêå>=3hiîñQéÉÞ3áâ1ØÙ����Ø CO2

!2-��5Q�Ú4~}�ØwÔë�,()}~ CO2�·Ùê�,56tujqÜ

~h_lê13PÞÛ×ñÜ1rÝØK����J�}�áÙê N9T-40���Ø)

*+,hi��5�h�jç'è3Úh�ä56Q�å�5Q�ÚÞ!Ôë 

! e 2gÞj N9T-40Ú*+,-hi��5�3.hÅÆ�é6�11»¼(ALDH

qrsMNO)���îñN9T-401*+,hij]¤$�²ºÎ��J�îêÙ6-

N-��îÔë»¼A¡��qrs½¾A¡&¦3r× ALDHj*+,hi3jA

ÞÛ6Q��4~}3îñALDHqrsMNOj CO23rwêÅÆ�é6Q�Ú�³

�éÔëÉÔ N9T-403qÙê*+,hi�3±²°³²´µ¶���56»¼¹-

��b56Q�åÞ!Ô.ë 

! B�1vw}~ñN9T-401*+,hi3q�6 CO21!2] �¡°�B*1r

Ý3��îÔë 

1.! ALDHÚ4�îêÙ6-N-ÚÛ6TÖ1qà3r×CO2}~±²°³²´µ¶ 

Úhk6ë 

2.! ±²°³²´µ¶jMNO1ÌPÈqà3r×ñL-1*Ù]¤$�²ñ²��

�0�¡3���é6ë 

3.! MNO1üqà3r×ñj!3àkê]¤$�²�²�}~±²°³²´µ¶Ú

hYîñRuMP�$3r×�È�é6ë 

 

! �/���$15B�Â6Ôl3jXj× CO2¯�¡Ø±²°³²´µ¶1�b

Új!ÞÛ6ë"781kË3��Ã¼Ä�áÙÔ ALDHqrsMNO1ÅÆ}jñ

ÊËºÎò�1Ð0²mn�bÝÔl3ñWîÔå1ÞÛ×ñQéÚÊË1ÌÍ�Ø

*Ýë 
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! ()|1 CO21\�j£º6]1^�_Í1rÝ3á»�éñ̄ t¢Þ�ÿØ78

XÁ×÷PÚØ�éêÙ6ë"78jÜ1_Í3�îÞå¸�56Ôl3ñ�ÙÝr

×jóî*G�h�~îhH�ÿØ�ÈÃ¼Èð�1�h���qà3 CO2�æë�

á56Ôl1783Ø6�±`îÔÙë 
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! "78�ab563ÛÔ×ñÑbÆñÑcd�D×ÉîÔ"AEFGHFIJK7

8@.LMNAOP1RS! "TUV3ÅÙMÎ1e�¨îÉ5ëÉÔñ"781

?3cÔwêlÒE¥ØÑbÆ�D×ÉîÔ"AEFGHFIJK78@.LMN

AOP1fá! gbhU3ihÑFjî�kÉ5ë̀ lr×�ÿØmhä�hÒ�Ù

ÉîÔ"AEFGHFIJK78@.LMNAOP1no! pqUVñäãr! s=

hUñ9t! uhhU3qFjî�kÉ5ë 

 

! �h�1783vc6¬M�Ü1Ë1g9ØÑbÆñÑR{�D×ÉîÔwxAy

9AEFG()AL�h��¢A78ý1z! foUV3Å{1MÎ1e�¨îÉ

5ë 

 

! ÉÔñ"78�ab563ÛÔ×ñ¹-u�1Ôl1Vð»¼ (HPSqrs PHI) �

|�îêhÒ�ÙÉîÔûßR@9ARALh�ÈA@àá�h�A78ý18½!

üýO}ñMS &¦3ÛÔ×mhÚ�ÙÔÒ!ÉîÔ"AEFGHFIJK78@1

~"! �=U���3ihÑFjî�kÉ5ë 

 

! Üîêñ"783nîñg9ØhÚ��Ú�ÙÔÒ!ÉîÔ+½! ��ñfã! æ

��ñ��! �T�ñqrs.LMNAOP1��3qFjî�kÉ5ë 
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