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Pseudomonas sp. strain HD-1, was reported to grow autotrophically on H2-CO, by Morikawa and Imanaka (1993). 
However, there is no report on the mechanism of CO, fixation this strain. In our study the strain was cultivated 
autotrophically. The result shows no significant growth of the strain under autotrophic condition. In further study the 
enzyme involved in autotrophic growth was induced by inoculating heterotrophically grown cells in a complete 
inorganic medium in the presence of H2-CO,. Cell-free extract was prepared from the induced cells by sonicatioa, then 
the activities of the key enzymes of autotrophic CO, fixation pathways in the cell-free extract were investigated. The 
activities of the key enzymes of the reductive citric acid cycle (ATP:Citrate lyase) and acetyl-CoA pathway (Carbon 
monoxide dehydrogenase) could not be detected. In contrast, the activity of the key enzyme of the reductive pentose 
phosphate cycle (Ribuiose-1,s- Bisphosphate CarboxylaselOxygenase; RubisCO) was detected. The activity was in the 
range of 0.94 to 5.32 nmol min" mg protein-'. The data implies that the strain assimilates CO, autotrophically via 
reduced pentose phosphate cycle. 

INTRODUCTION 

The concentration of atmospheric carbon dioxide has 
been increased presently, due to various human activities 
which may lead to a number of environmental destructions. 
The amount of the atmospheric CO, can be reduced through 
biological activities, such as microbial CO, fixation. 

Pseudomonas sp. strain HD-1 was isolated by 
Morikawa and Imanaka in 1993. They reported that (i) the 
strain is gram negative, facultative anaerobic bacterium, (ii) 
the strain can grow anaerobically on CO, as the sole carbon 
source in the presence of H,, and (iii) the strain can also 
degrade hydrocarbon under anaerobic condition (Morikawa 
and Imanaka 1993). However until now, nothing has been 
reported on the autotrophic CO, fixation of the strain. 
Therefore, we attempted to study the pathway for auto- 
trophic CO, fixation of the strain. 

Three biological CO, fixation pathways have been 
found in autotrophic microorganisms: The first mechanism 
is a reductive pentose phosphate cycle (Calvin cycle) (a). 
The key enzymes of the cycle are Ribulose 1,5-Bis- 
phosphate CarboxylaseIOxygenase (RubisCO) and Phos- 
phoribulokinase (PRK) (Tabita 1988, McFadden 1989, and 
Gutteridge 1990). The second is CO, fixation through re- 
ductive citric acid cycle (b) which is a reversed process of 
the Tricarboxylic Acid cycle, involving key enzymes na- 
mely ATP:Citrate lyase, pyruvate synthase, and 2-0x0- 
glutarate-synthase (Ivanovsky et al. 1980 and Fuchs 1989). I Another mechanism is reductive non cyclic Acetyl-CoA 
pathway (c) which involves the key enzymes Carbon mono- 
xide dehydrogenase (CODH) and Acetyl-CoA synthase 

I (Jansen and Thauer 1984, Eikrnan et al. 1985, and Wood et 
I al. 1986). 

Pathway (a) is the only autotrophic pathway occuring 
i in plants and occurs mainly in aerobic bacteria. Pathways 

1 (b) and (c) are present in anaerobic bacteria or in micro- 

aerophilic bacteria whose metabolism exhibits anaerobic 
traits (Strauss and Fuch 1993). Our definition of an auto- 
trophic organisms is organisms which use CO, (or CO) as 
the source of carbon for growth. This definition does not 
include all organisms which utilize one-carbon organic com- 
pounds, such as format, metanol, metil amin or metan as the 
source of carbon. 

In this study, we cultivate the strain under autotrophic 
condition, and measure the activity of the enzymes involved 
in each pathways. 

MATERIAL AND METHODS 

Autotrophic cultivation. Pseudomonas sp. strain 
HD-1 was cultivated at 37OC in 50 ml of Basal Medium 
(BM) which consists of 0.5% (NH,),SO,, 0.1% KH,PO,, 
0.05% MgC1,.6H20 in dionized water. The pH was adjusted 
to 7.0. After inoculation, gas exchange was conducted by 
flowing the gas mixture of CO, and Hz (CO, :Hz=l : 1) at 500 
mllmin. The gas exchange was performed at every other day 
with the total cultivation period of 1-10 days. Autotrophic 
cultivation was also performed by using solidified medium 
prepared by the addition of 1.5% agar onto the BM. For 
solid cultivation, we used vials and plates. The gas phase of 
the vials was mixed to newly prepared mixed gas (CO,:H,= 
1: 1) daily. The plates were set in a glass container, gas ex- 
change was performed by the gas mixture (CO,:H,= (1:l)) 
for 45 minutes every other day. 

Heterotrophic cultivation. The strain was cultivated 
at 37OC in 50 ml of Lactose Broth Medium (LB) consisted 
of 10% Tryptone, 5% Yeast extract, 5% NaCl in 1 liter 
deionized water. 

Induction of the enzymes for autotrophic growth. 
The following two-stages cultivation was performed to 
induce enzymes involved in autotrophic growth after he- 
terotrophic cultivation. The strain was cultivated in 11 of 
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