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ABSTRACT Objective: To investigate the energy substrates impact on the expression of genes related with CO, fixed in
Acidiphilium cryptum DX1-1. Methods: DNA of Acidiphilium DX1-1 (CCTCC M 208056) was used as template. The annotation of A.
cryptum DX1-1 genes and their putative cellular functions were from Comprehensive Microbial Resource (CMR) of A. cryptum JF-5
(JGI, http://genome.ornl.gov/cgi-bin/JGI microbial /kegg categories.cgi). Results: The genes related with CO, fixed -Acry 0824
Acry 082 Acry 1067 Acry 1272, Acry 0022 and Acry 0827 were cloned successfully. The RT-qPCR result shows that in mixotrophy
with addition of limited 0.1% glucose, the expression of Arcy 0824, Arcy 1272, Arcy 0827, were significantly upregulated in the
mixotrophy comparing to that in heterotrophy and autotrophy. Conclusion: PHB metabolism of DX1-1 is more activated in mixtrophy
and utilizing CO, to accumulate PHB.
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PHB 1.1
LS DXI1-1 CO, 1.1.1 A. cryptum DX1-1 (CCTCC M208056)
CO,
- DXI1-1  CO, CCTCC .
1.2.1 9K uo (NH,),SO, 30
CO, g/L KCI 0.1 gL K,HPO, 0.5 g/L MgSO,-7H,0O 0.5 g/L Ca
(NOs), 0.01 g/L,, N
CO, o / FeySOy,);
1,
1
1
Table 1 Culture media of different energy substrates in 9K basal medium and their abbreviations
Substrates and their abbreviations in
Media
the brackets
Heterotrophy 0.01%Glc 0.1%Glc 0.5%Glc 1%Glc (G*)
Autotrophy 0.5%S (S) 0.5%Fe (F) 0.5%S+0.1%Fe (SF)
Mixotrophy 0.1%Glc +0.5%S (GS) 0.1%Glc +0.5%Fe (GF) 0.1%Glc +0.5%S+0.1%Fe (GSF)
1.2 DX1-1 ® A. cryptum JF-5 (JGI,
1.2.1 PCR http://genome.ornl.gov/cgi-bin/JGI_microbial/kegg categories.cgi)
Calvin 1 CO, 2 CO, Primer Premier 5.0
3 CO, 5 CO, Real-time PCR
CO, o
Rubiscase el -5 2, o Sall MBI
5 -5- S'G'TCGAC, BamH1 (MBI) 5'G'GATCC3" EcoR1
o (MBI) 5'G'AATTC3'
5 -5- CO, o DQ529311 o
o Acidiphilium cryptum
2 CO,
Table 2 CO2 fixed -related genes and their primers
Locus Annotated function Primer sequence Annealing Temp.(‘C)  Amplicon length (bp)
F: TGGTAGTCCACGCTGTAA
DQ529311 16S rRNA 55 195
R: AAATCCTGGTAAGGTTC TG
ribulose bisophosphate F:G'TCGACAACCCCTAACATCACCAACG
Acry 0824 58 262
carboxylase R:G'GATCCGGCCCGGTATTTCTCACAG
ribulose-bisphosphate F: GTCGACCTGACCCAGGGCTGCTTT
Acry 0825 58 143
carboxylase R:G'GATCCATTTCCCAGTAGGTATTCCGC
ribulose-bisphosphate F: GTCGACCACCATCGTCAAGCCC
Acry 1067 50 106
carboxylase R: G'GATCCCTGCAACTCGTCGTCC
) ) F:G'TCGACTCAAGGGGCTGGGTGGTG
Acry 1272 ribose 5-phosphate isomerase 62 226
R:G'AATTCTCCGAAACGAAGGGACTGC
ribulose-phosphate F: GTCGACATTTGCACCGCTCGCT
Acry 0022 58 246
3-epimerase R: G'GATCCTGCCGCCATCCGTCTC
ribulose-phosphate F:G'TCGACATTTCGTCCCCAACCTCA
Acry 0827 55 268

3-epimerase R:G'GATCCTCGAGCACGTAGGACAGC
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1.2.2 DNA PCR 2.1 PCR
DXI1-1 6 000 r/min A. cryptum DX1-1 DNA CO,
BS473 DNA, 6 PCR EB
N QIAquick 96- (Qia- 1.5% o PCR
gen GmbH, Hilden, ). PCR (50 pL): 10x PCR 1, 1 PCR
5 nL MgCl, (20 mmol/L) 4L dNTPs (10 mmol/L) 1 pL PCR ( 2), 3 DNA

2 F (10 pmol/pL) R (10 pmol/pL) 2.5 pL
DNA (100 ng/uL) 1 pL Taq DNA (MBI 5U/pL)
0.5 uL, 95°C 5min 95C 30s 55C
30s 72°C 30s 30 72°C
wl PCR EB 1.5%

- PCR E.ZN.ATM Omega

Sal Bam H Sal EcoR

PCR 301 Sa 151 BamH

PCR 30 1, Sal 1
pLM 1 Sall

37°C .

10 min,, 5

Sul, 10ul,
5 ILEcoR 51,
Bam H1 . Sall

10 1,
EcoR1
PCR
ATM Omega PCR
181 8 1 T4 DNA (MBI) 1 1, 3
1, o TOP 10 Tiangen .
PCR 6
BLAST o
RNA cDNA TRIzol®
) RNeasy ®

E.ZN.

1.2.3 (Invitro-
gen , Carlsbad,
GmbH, Hilden, )

. L1.5%

(Qiagen
RNA
SuperScriptTM
(Invitrogen Carlsbad )
cDNA Real-time PCR 5
1.2.4 RT-PCR 251 RT-PCR
12.5 ul SYBR® Green Real-time PCR Master Mix (Toy-
obo, Osaka, ) Taq DNA dNTP
SYBR Green 11 10mM / 51
cDNA 551 - iCycler iQ  Re-
al-time PCR RT-PCR (Bio-Rad Laboratories, Inc.,
Hercules, USA)., 95°C 30s 40
95C 15s 55°C - 60°C ( )
30s 72°C 30s 95°C 60s 55°C 10s 80 55°C 10s
0.5C 95C o
PCR

RNase H-

10" 10° /mwL PCR

16S rRNA

A. cryptum JF-5 A cry 0824 Acry 0825
Acry 1067 A cry 1272 A cry 0022 Acry 0827

99.8% 99.6% 99.6% 99.5% 99.3%  99.8%.
100%
CO, A. cryptum .
2.2 RNA
2.2.1 RNA RNA 2
123456
200bp 200bp
100bp 100bp
1 PCR CO,
1: Acry_0827; 2: Acry_0022; 3: Acry _1067; 4: Acry 0825; 5: Acry 0824;
6: Acry_1272;

Fig. 1 Electrophoresis of PCR products from positive plasmid with the

designed primers for genes
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0.1%
Acry 0824 Acry 0825 Acry 1067
Acry 0824
o : Acry 0022 Acry 0827 -3-
150069 ey Acry 0827 o
Acry 0824 Acry 1272
JAcry 0827 -3-
Acry 0824  Acry 1272
12,800,000,000 107,000
' 4
2 RNA 1. 1% 2.0.5% + -
0.1% 3.0.5% +0.1% ;4.0.5% Acry 0824 Acry 0827 GSF
+0.1% +0.1% 5.0.5% 14,269,788 109,360,
Fig. 2 Electrophoresis of total RNA, samples are from cells incubated in
culture medium: 1 with 0.5%S0+0. 1% glucose; 2 with 0.5%S0+0.1% 3
ferric sulfate; 3 with 0.5%S0+0.1% glucose+0.1% ferric sulfate
3 DX1-1 CO, 16S rRNA

Table 3 Comparison of differential expressions of genes related to CO, genes in strain DX1-1 grown on autotrophy and mixtrophy from the strict
heterotrophy with 1% glucose concentration . where 16S rRNA as the internal control gene is used to normalize the expressions of all other genes chosen

to correct sample-to-sample variation

Locus Annotated function G* S GSF GF GS
DQ529311 16S rRNA 1 1 1 1 1
Acry 0824  Ribulosebisophosphate carboxylase 1 897 12,800,000,000 18,300 86
Acry 0825 Ribulose-bisphosphate carboxylase 1 0 94 94 55
Acry 1067 Ribulose-bisphosphate carboxylase 1 0 91 985 73
Acry 1272 Ribose 5-phosphate isomerase 1 13 107,000 4,710 217
Acry 0022 Ribulose-phosphate 3-epimerase 1 0 0 36,800 2
Acry 0827 Ribulose-phosphate 3-epimerase 1 0 22,200 4,990 2

4 DX1-1 Cco2 16S rRNA

Table 4 Comparison of differential expressions of genes related to PHB, carbon, sulfur and ferrum metabolisms in strain DX1-1 grown on mixtrophy from
that on strict autotrophy "S" , where expression of 16S rRNA as the internal control gene was used to normalize the expressions of all other genes chosen

to correct sample-to-sample variation.

Locus Annotated function S GSF GS
DQ529311 16S rRNA 1 1 1
Acry 0824 Ribulose bisophosphate carboxylase 1 14,269,788 0
Acry 0825 Ribulose-bisphosphate carboxylase 1 7,825 4,600
Acry 1067 Ribulose-bisphosphate carboxylase 1 327 264
Acry 1272 Ribose 5-phosphate isomerase 1 8,168 17
Acry 0022 Ribulose-phosphate 3-epimerase 1 0 5,421
Acry 0827 Ribulose-phosphate 3-epimerase 1 109,360 12

Acidiphilium cryptum DX1-1 DNA PCR Acry 0827 pLM 1 6
CO, Calvin PCR

Acry 0824 Acry 082 Acry 1067 Acry 1272 Acry 0022 Blast CO,
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