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Abstract: There are more and more evidence that microorganisms involve in metallogenic phenomenon and microbial activity in the interlayer oxidation zone sandstone type uranium deposit. It Shows that microorganisms of the current our country main of the formation of interlayer oxidation zone sandstone type uranium deposits play an important role. This paper, by using molecular biology, living bacterium cultivating and laboratory simulation method of Xinjiang Shihongtan and Mengqiguer sandstone type uranium deposits, microbial relationship with uranium mineralization are discussed. It shows that the distribution characteristics of microbial groups are different in the different geochemical environments. Biogeochemical zonality is obvious. From oxidation to reduction, the number of aerobic bacteria number is decreasing, and the number of anaerobic bacteria number is increasing. The distribution of bacteria is controlled by let seam the presence of organic carbon content, Fe in form and content, the occurrence of groundwater control of dissolved oxygen and sulphate etc. Microbial effects on uranium mineralization are comprehensive, are restricted by various environmental factors at the same time. It also exists between microbial symbiosis and alternate, the relationship between competition and antagonism. Thus the relationship affects the growth of the deposit. The uranium deposit mechanism of microorganism enrichment of uranium in the indirect metabolic biosorption is given priority to, and the enrichment of metabolic mechanism is secondary.
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Microbial mineralization as a branch of biological mineralization is one of the frontier subjects，is a new trend in the field of international mineralization, the new hot spot. Existing research shows that the microbes not only for their life elements (P, Fe, etc.) and metabolic necessary elements (Mn, Cu, Mg, Zn, etc.), and the harmful and toxic elements (Pb, As, Se, u, etc.), all can make them enrich through changing the environment or the metabolism (absorption or adsorption) (Ye, 1998; Yin, 1994; 2008). Through the experimental research was carried out by microbial reduction hexavalent uranium, for the first time it reveals that some bacteria can survive in the process of the reduction of U (Ⅵ) to U (Ⅳ). And it pioneered the research of uranium a new era of microbial activities, which help to volume of the sandstone type uranium deposit metallogenic mechanism (Lovley DR et al., 1991). Experiment results show that the sulfate reducing bacteria Desulfovibrio can restore U (Ⅵ). Sandstone type uranium deposits often rich in organic matter (kerogen) and pyrite, and it speculated that the layered kerogen may be rooted in cyanobacteria. Foreign studies the biological mineralization of uranium, mainly focused on the relationship with the organic matter and synthetic study of microorganism enrichment of uranium (Lovley DR et al., 1991; 1993; Landais p, 1996). At present domestic found that the interlayer oxidation zone sandstone type uranium deposits in microbial mineralization phenomena and microbial activities evidence is more. There are signs that the microorganism of the current our country main of the formation of interlayer oxidation zone sandstone type uranium deposits play an important role (Chen et al., 2003; Min, et al., 2003; Yin et al., 2005; Qiao et al., 2006; Zhao et al., 1998). In this respect, geologist in China in recent years has carried out a series of microbial uranium mineralization simulated experimental study , which was carried out by interlayer oxidation zone sandstone type uranium deposit formation of the main physical and chemical conditions. Sulfate reducing bacteria reduction of U (Ⅵ) simulation and synthesis of uraninite were carried out , which inferences in the Jurassic sandstone widely reproduction of the sulfate reducing bacteria involved in the mineralization of uranium deposits (Min , et al.,2001) . The distribution features of the bacteria Shihongtan interlayer oxidation zone sandstone type uranium deposits in different geochemical zoning was carried out , and different bacteria metabolic characteristics and the migration and enrichment of uranium metallogenic relationship are analyzed and discussed(Yang et al., 2004; Yin et al., 2005; Qiao , et al., 2006). Relative to foreign, domestic experiment research related microbes involved in uranium deposit ore-forming started late, so the research level is still relatively weak. The microbial mineralization of uranium research was still in the stage of experiment research. Current of sandstone-type deposits in microbial survival condition and the mechanism of its uranium enrichment research are lacking. In this paper, the microorganism of the current our country main of interlayer oxidation zone sandstone type uranium deposits was studied and discussed.
1 Geological Setting 
Sandstone type uranium deposit is one of industrial significance types of uranium deposits in our country, which occupies a large proportion in uranium deposits in China, and the interlayer oxidation zone sandstone type uranium deposit is the main class of sandstone type uranium deposit in our country. Newborn with basin in north western areas of China is the interlayer oxidation zone sandstone type uranium deposit mainly occurs. It has been found Megqiguer, Shihongtan and Dongsheng uranium deposits in Yili, Turpan-ham, Ordos basins. North west areas of China includes xinjiang, qinghai, gansu, ningxia, Inner Mongolia, shaanxi, shanxi and other seven provinces and autonomous regions, western to Xinjiang Yili basin, eastern to Inner Mongolia Erlian basin, about 3500 km long; and south to the Qaidam basin, north to Junggar basin in xinjiang, about 1500 km wide. Basis for base structure properties, the cenozoic sedimentary basin formation in, the Cenozoic basin can be divided into interior of plate, plate edge folded orogenic belts and plate edge transition zone type 3 kinds in the northwest of China (Fig.1).
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Fig.1 The sketch map of tectonic type and distribution for Meso-Cenozoic basin in northwestern China
2 Evidence of Microorganisms Involved in Uranium Mineralization
The interlayer oxidation zone sandstone type uranium deposits in microbial mineralization phenomena and microbial activities evidence are more found in China. Many scholars have studied the possibility of microorganisms involved in the possibility of mineralization, from the relationship between the growth and decline of the synchronization of ore-forming elements and organic carbon, and the ore mineral assemblage of fossils, ore minerals or its aggregation morphology, isotopic characteristics. The formation of sandstone type uranium deposit environment is the most suitable for all kinds of microbial breeding, in which microbial activity is more active. There are signs that microorganisms of the current our country the formation of interlayer oxidation zone sandstone type uranium deposits play an important role, and major groups are different in different zones of microorganisms. The author found that microbes engaging subjects between the preliminary evidence of oxidation zone sandstone type uranium mineralization, combining previous research results, in the study of the Mengqiguer uranium deposit in Yili basin and the Shihongtan uranium deponsit in Turpan-ham basin.
2.1 Directly Involved in the Mineralization of Microorganisms in a Sandstone Type Uranium Deposit
Using high resolution electron microscopy (HRTEM) and scanning electron microscope (SEM) in the Mengqiguer inYli basin and Shihongtan uranium deponsits in turpan-hami basin, the interlayer oxidation zone sandstone type uranium deposits, the narchaea algae fossils was found in uranium mineralization (Peng et al., 2003; Wu et al., 2005; 2007; Min et al., 2015)(. Pitchblende is enriched in the Jurassic sandstone plant cell wall and cell cavity carbon dust. The results of transmission electron microscopy show that the generated by metabolic reduction of uraninite is precipitated on the outer wall of bacteria cell of commonly, and it does not enter inside the cell (Gorby Y A et al., 1992). The death of the fungi , or which energy is not strong, generally cannot restore U (Ⅵ). In essence, the microorganisms are in more organic matter in the body (e.g., plant cell cavity). Organic matter provides nutrition for microorganisms. Microbial activity is the key factor that affects the occurrence of uranium initial precipitation. Part of pitchblende with microbial structure can alternate strawberry pyrite or replacement cell cavity fungal hyphae and spores. Pitchblende mineralization of fossil spores and algae microorganisms exit in rich ore. Spore bacteria or fungi in uranium deposit radioactive harsh conditions are dormant body which continues in its state of life (Min et al., 2001; 2015). These phenomena are microbes directly involved in the direct evidence of sandstone type uranium mineralization.
2.2 Indirectly Involved in the Mineralization of Microorganisms in a Sandstone Type Uranium Deposit
(1) Uranium geochemical behavior in supergene action has close relationship with organic matter. Uranium mineralization in typical sandstone-type uranium deposits in China is closely related to organic matter. In epigenetic sandstone-type uranium deposits in ore-bearing rock series, common coking plant debris are more along the sediment distribution, which is scattered by carbonization and bright coalification debris, output in the form of organic substances and asphalt deposition. Organic carbon analysis in the Mengqiguer uranium deposit in Yili basin and the Shihongtan uranium deponsit in turpan-ham basin results show that (table 1), the transitional ore organic carbon content is the highest, followed by reduction with no alteration sandstone, lowest organic carbon content in the oxidation zone sandstone. The change trend of organic carbon content and geological observation is perfectly. Uranium content in the ore-bearing rock series has an obvious positive correlation with abundance of organic matter. Enrichment of uranium mineralization has close relation with organic matter. The analysis results of organic extract show that the organic materials are mainly terrigenous higher plants, but as a result of bacteria and algae microorganisms in the strong degradation and transformation, the present sapropel type organic matter in the ore (parent material for algae and other lower organisms) characteristics.
Table1 Results of organic carbon analysis

	Uranium deposit
	Rock geochemical environment
	U（10-6）
	Organic carbon（%）

	Mengqiguer uranium deposit in Yili basin
	Strong oxidation zone
	4.06
	0.059

	
	Moderate oxidation zone
	6.50
	0.077

	
	Weak oxidation zone
	10.61
	0.11

	
	Transition zone
	1476.53
	0.59

	
	Reduction zone
	9.60
	0.26

	Shihongtan uranium deponsit in turpan-ham basin (Xiang W-D et al.,2000)
	oxidation zone
	4.30
	0.07

	
	Transition zone
	285.35
	0.93

	
	Reduction zone
	4.91
	0.35


(2)Several kinds of bacteria can cause sulfur isotope fractionation strongly. It shows that the delta of δ34S‰ negative value is bigger, and more scattered. It is found by table 2 that the delta δ34S‰ of rock of the Mengqiguer uranium deposit in the southern margin of Yili basin was negative, while ore samples and the coal seam of the delta δ34S‰ value can reach to 15.6. The delta δ34S‰ of rock of Shihongtan uranium deponsit in turpan-ham basin is also negative, while some can reach to 39.24(Peng X-J et al., 2003). It shows that metallogenic period of bacteria to the environment has the very strong reduction, and this reduction is likely to induce the precipitation of uranium. With a large number of framboidal pyrite is complementary to each other (Fig.2). Framboidal pyrite is thought to be the product of sulfate reduction bacteria.
Table 2 Results of sulfur isotope of pyrite
	Uranium deposit
	Sample
	The sample description
	δ34S(‰)

	Mengqiguer uranium deposit in Yili basin
	P1312-1
	Grayish white medium sandstone
	-3.9

	
	P5515-9
	Grayish white gravel
	-17.3

	
	P5516-3
	Gray medium sandstone
	-9.2

	
	P5516-8
	Gray coarse sandstone
	-1.4

	Shihongtan uranium deponsit in turpan-ham basin (Peng et al., 2003)
	TR-8
	Nodular pyrite in gray medium sandstone
	-39.24

	
	TR-15B
	Nodular pyrite in fine sandstone
	-27.62

	
	TR-2
	Nodular pyrite in siltstone
	-21.71

	
	TR-4
	Nodular pyrite in medium sandstone
	-6.77

	
	TR-40
	Nodular pyrite in coarse sandstone
	-5.34
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Fig2. SEM of framboidal pyrite
 (a)- Microcrystalline pyrite and framboidal pyrite; (b)- Intergranular framboidal pyrite
(3)There are liquid hydrocarbon inclusions in Interlayer oxidation zone sandstone type uranium deposits. Liquid hydrocarbon inclusions in Mengqiguer uranium deposit is yellow brown. The inclusions shapes are the rule of round, oval, etc. Liquid hydrocarbon inclusions in quartz crack is in zonal distribution (Fig.3). Main hydrocarbons in Mengqiguer uranium deposit are methane and ethane, accounting for hydrocarbon gases by 79.13% ~ 79.13%. Vitrinite reflectance Ro in Mengqiguer uranium deposit is the range of 0.40% ~ 0.74%, and the average is 0.58%. Thermal evolution of organic matter is in the unripe - early mature stage, the corresponding formation temperature between 50 ~ 80 ℃. Priority to with biochemistry - earth chemistry, organic matter can produce predominantly methane gaseous hydrocarbons. Thermal evolution of organic matter formation of methane and other hydrocarbons can participate in the metallogenic process(Xiu et al, 2015; Ding Bo et al, 2016).
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Fig.3 The microscope and the fluoresent microscope of the fluid inclusion

 (a)-Liquid inclusions containing hydrocarbon; (b) - The fluorescent photographs of liquid inclusions containing hydrocarbon
3 Microbial Mineralization Simulation Experiment
At present, there are two main ways in the study of ore deposit microbial method. The first way is the mining area by using the method of molecular biology in different spatial range of microbial population in function verification, to find out the influence of different space for mineralization. The second is through the living bacterium cultivating and laboratory simulation, the method of quantitative and semi-quantitative research field within the influence of different strains of mineralization ability, but also can study the synergies between different strains of mineralization.
3.1 Microbial DNA Extraction Experiments
（1）Sample Collection and Experimental Principle
Samples are all from fresh borehole core of ore-bearing layer in Mengqiguer and Shihongtan uranium deposits, respectively according to the geochemical environment of oxidation zone, ore belt and the reduction zone sampling（Fig.4）. Sample characteristics are shown in table 3. Samples were eliminated mud, and treated by sterilizing tank sterilization, then sent to the laboratory as soon as possible after skin bag. DAPI staining, microbial cultures and separation in the sample of oxidation and reduction zones in Mengqiguer uranium deposit was made by college of life science of Hubei University. The outer layer of the core was peeled in the sterile room bacterial culture in the middle section. Bacterial was cultured by using the middle section. According to "berger bacteria identification manual" (eighth edition), Separation and purification of strain was tested in colony morphology, individual morphology, gram staining, spore, flagella staining and physiological and biochemical test. Strains have been identification to genera. Bacterial DNA extraction and separation of the experiment of samples in transition zone (ore belt) in Mengqiguer uranium deposit and all samples in Shihongtan uranium deposit in China University of Geosciences (Beijing) geological microbiology laboratory. U, Fe3 + / Fe2 +, orgc test of the rocks was done by analytical laboratory Beijing Research Institute of Uranium Geology.
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Fig.4 Photo of hand specimen in different zones

 (a)-The reddish conglomerate and sandstone in Oxidizing Zone; (b)- The dark gray conglomeratic sandstone in Transitional Zone; (c)-The gray medium-coarse sandstone in Reduction Zone;
Microbial quantity is very little in the unit mass of rock, and rock in the calcium salt of DNA has a strong adsorption（Gorby Y A, et a1.,1992）. So the efficiency of extracting genomic DNA from rock need to be very high, can only be extracted from a tiny amount of microbes to the DNA can be used for microbial analysis. Used to expand the ways for microbial 16 s rDNA amplification, connected to T load, sequencing. Microbial DNA separation experiment process is shown in figure 5.
Table 3 The characteristics of the samples and sample location and the result of DAPI staining

	Uranium deposit
	Samples
	Rock geochemical environment
	The sample description
	U
（10-6）
	Organic carbon（%）

	Mengqiguer uranium deposit in Yili basin
	P4711-2
	Reduction zone
	Greyish-green medium grained sandstone
	1.51
	0.07

	
	P4711-3
	Reduction zone
	Gray glutenite
	3.08
	0.07

	
	P4711-4
	Reduction zone
	Greyish-green mudstone
	3.85
	0.09

	
	P4711-5
	Reduction zone
	Greyish-green fine sandstone
	2.38
	0.07

	
	P4711-6
	Reduction zone（Near the transition zone）
	Greyish-green mudstone
	59.9
	0.60

	
	P4711-7
	Reduction zone（Near the transition zone）
	Gray sandstone
	28.9
	0.21

	
	P4711-10
	Reduction zone
	Gray coarse sandstone
	3.84
	0.09

	
	P4711-9-1
	Weak oxidation zone
	Pale red coarse sandstone
	12.1
	0.15

	
	P4711-9-2
	Weak oxidation zone
	Light yellow coarse rock
	19.2
	0.45

	Shihongtan uranium deponsit in Turpan-ham basin
	SHT-01
	Reduction zone
	Greyish-green fine sandstone
	68.8
	0.09

	
	SHT-04
	Reduction zone
	Gray coarse sandstone
	3.60
	0.04

	
	SHT-05
	Reduction zone
	Gray mudstone containing organic matte
	5.16
	2.04

	
	SHT-06
	Reduction zone
	Gray mudstone
	11.8
	1.87

	
	SHT-10
	Oxidation zone
	Brown fine sandstone
	5.98
	8.52

	
	SHT-14
	Transition zone
	Greygreen conglomerate
	67.5
	0.17

	
	SHT-15
	Transition zone
	Grey gritstone
	317
	0.17

	
	SHT-18
	Reduction zone
	Gray fine sandstone containing organic matte
	3.73
	0.56
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Fig.5 The experiment flow chart of DNA isolation and characterization
（2）Experimental Results of Samples in Mengqiguer Uranium Deposit
Sample selected from P4711-2 was cultivated in the medium containing uranium. There have hyphae membrane 3 days later, and color slightly turbid. After 60 days, the expected color was found in the culture medium. A bacterium liquid turned black, and the other did not turn black.  Due to the effect of screening of the uranium, inhibits the growth of other microorganisms, enlarge the microbial cultivation.The bacteria was determined the energy spectrum. Results show the bacteria without the accumulation of uranium. It showed that the microbial samples in uranium mineralization are directly. Using bacteria universal primers 27F: 5’-AGAGTTTGATCMTGGCTCAG-3’and 1492R:5’-TACGGYTACCCTTGTTACGACTT-3’，total DNA of bacteria liquid 16 S rDNA PCR was amplificated. The PCR reaction system: dNTP(2.5mmol/L)4μL，primers  27F (l0μm) 2.5μL，primers 1492R (l0μm)2.5μL，The template DNA2μL，Taq DNA polymerase 1.3μL，ddH2O28.7μL。Reaction parameters: 94℃ Pre degeneration 10min；94℃ transgender 30s，54℃ annealing 30s，72℃ extension 1min40s，25cycles, 72℃extension 10min. After PCR amplification, and then connect the product to the carrier. After the transformation, the transformation of random pick, send out sequencing, then the sequence homology analysis. Nine samples in the sample P4711 microbial total DNA extraction, of the microorganisms by expanding the ways 16 s rDNA amplification, were connected to T load, sequencing. Random P4711-2 black fungus specimens with black fungus liquid every 10 sub sequencing, sequencing blackened fungi serial number is 1 to 1 to 1 to 10, not black fungus sequencing serial number is 2 to 1 to 2-10. The mixed bacteria sequencing results are shown in table 4.
It was found that bacillus genus, pseudomonas genus, alcaligenes, fusobacterium, desulfurization intestinal bacteria genera, digestive aureus, denitrifying bacteria genera by sequencing in drilling core samples.
Table4 The characteristics and classification of bacteria in sample P4711-2

	The sequencing results
	Sequence number
	The environment
	Form
	size (μm)
	Gram staining
	spore
	flagellum

	Bacillus
	1-1
	Aerobic, Facultative anaerobic
	Straight rod
	（0.5～2.5）× （1.2～10）
	G+
	+
	Peritrichate

	Pseudomonas
	1-2
	Aerobic
	Short rod
	（0.5~1）×（1.5～4）
	G-
	-
	polar

	Alcaligenes
	1-3、1-5、1-7、1-8、2-1、2-2、2-3、2-4、2-5
	Aerobic
	Rod, ball rod or ball
	（0.5~1.2）×（0.5～2.6）
	G-
	-
	Peritrichate

	Clostridium
	1-4
	Anaerobic
	Rod
	(0.3～2.0) × (1.5～2.0)
	G+
	+
	Peritrichate

	Desulfotomaculm
	1-6、1-9
	Anaerobic
	Rod or curved rod
	（0.3～1.5）×（3～9）
	G-
	-
	Polar

	Peptococcaceae
	1-10
	Anaerobic
	Rod
	0.5～2.5
	G+
	+
	None

	DenitrifyingBacteria
	2-6、2-7、2-8、2-9、2-10
	Facultative anaerobic
	/
	/
	/
	/
	/


（3）Experimental Results of Samples in Borehole Core in Shihongtan Uranium Deposit
Eight samples in Shihongtan uranium deposit in turpan-ham basin were selected for DNA extraction, PCR proliferation, cloning, purification and sequencing. 109F-1492R、21F-958R、27F-958R and APS7F-APS8R four primers were used in amplification of the target gene.
By electrophoresis fluorescence inspection, it is found that the purpose of the 21F-958R extract gene in 800-900 bp in visible fluorescence reaction. It is success for DNA amplification. Some DNA sequences are archaea DNA sequence.
Bacterial Populations and Biochemical Characteristics
Methanocorpusculum labreanum, thermophiles and acidophilic bacteria were found in SHT - 14 and SHT - 15 samples by sequencing the DNA. Halobacteriaceae is extensively exsited in the other 6 samples. Multiple types of reducing bacteria Samples were found in SHT - 10, such as sulfate reducing bacteria and nitrate reducing bacteria, iron bacteria, etc. In addition, some of the oxygen type of bacteria is also found in SHT - 10 samples, which can produce the macromolecular organic matter such as humic acid. Through the experiment of ore-bearing bed, there are many different types of archaea in series. Next we will introduce all sorts of bacteria, biochemical characteristics as follows.
Halobacteriaceae is extensively exsited in ore-bearing bed by sequencing the DNA. Halobacteriaceae is autotrophic bacteria, which can absorb light energy or use heat to produce organic and ATP. Halophilic bacteria mainly live in saturated salt solution, illustrate the environmental solution is likely to have larger ion concentration.
Methanocorpusculum labreanum and vulcanisaeta were found in ore belt samples. Methanocorpusculum labreanum is strictly obligate anaerobe, and grow slowly. Through metabolism it can consume carbon dioxide, and produce methane, keeping the reduction degree of the environment in a relatively low range. Vulcanisaeta is strictly anaerobic, living around 80-100℃ temperature, the pH range of 5 ~ 7, a wide range of adaptation to salt, the optimum salinity was 1.5%. The existence of this kind of bacteria and the interlayer oxidation zone type uranium deposit fluid properties are mainly both part of the low temperature solution at room temperature. The mining area test temperature distribution are 73 ~ 93 ℃, an average of 85 ℃ in Yili basin, while 64 ~ 117 ℃, an average of 85℃in turpan-ham basin(Wu B-L et al.,2007)
Multiple types of reducing bacteria are found in the reduction zone samples, such as Archaeoglobus, Ferroglobus, Ferroglobus, etc.
Studies have shown that under the condition of anaerobic or very little oxygen, sulfate reducing bacteria can use organic matter on the surface of the metal as a carbon source, and use of the formation of hydrogen in the bacterial biofilm and sulfate-reducing into hydrogen sulfide, survive the energy from the REDOX reaction, and metabolites hydrogen or hydrogen sulfide emissions to the environment. Sulfate reducing bacteria and iron reducing bacteria play a very important role in the precipitation of uranium enrichment. In addition, geoglobus, a part of the oxygen type of bacteria, is found in reduction zone samples, which can produce the macromolecular organic matter such as humic acid.
Through separation and microbial bacteria DNA extraction experiments, there are many different types of archaea series in Mengqiguer and Shihongtan uranium deposits. Experiments results show that different geochemical environments with the distribution characteristics of different microbial groups in the rocks, showing obvious zoning biogeochemistry. From oxidation to reduction, both aerobic bacteria reduce gradually, while number of anaerobic bacteria increasing.Each with the distribution of bacteria by let seam the presence of organic carbon content, Fe in form and content, the occurrence of groundwater control of dissolved oxygen and sulphate etc. Microbial geochemical zoning and alteration mineral group of distribution characteristics of is complementary to each other (Cai G-Q et al., 2006).Sulfate reducing bacteria and iron bacteria are advantage bacterium group in the deposit, sulfate-reducing bacteria, especially abundant in the ore belt.
3.2 Microbial adsorption uranium simulation experiment
Table 5 lists the certain bacteria, fungi, algae, adsorption of uranium experimental research data（SuZuki Y et al.,1999）. Different categories, microbial adsorption capacity of uranium is vary between species. The microbial adsorption of uranium has nothing to do with microbial activity. The ability of the body of living or microbial adsorption uranium has no obvious difference. In some cases, the body microorganisms can even more uranium adsorption. The quantity of microorganism adsorption and enrichment of uranium is positively related to uranium concentration in the fluid and bacteria cell number.
Table 5 Results of adsorption experimens by certain kinds of bacteria, fungus, algae and moss

	
	Microbe species
	Adsorbing capacity for U(mgU/ dry cell weight)
	pH
	Microbe species
	Adsorbing capacity for U (mgU/ dry cell weight)
	pH

	Gram-negative bacteria
	Pseudomonas sp. EPS-5028
	55
	3
	Derxia gummaosa
	45.2
	4.1

	
	Pseudomonas sp. EPS-5028
	80
	
	Pseudomonas seccharophilia
	87.1
	4.6

	
	Pseudomonas sp. aeruginosa
	100
	2.5~4.5
	Pseudomonas stutzeri
	87.1
	4.6

	
	Pseudomonas sp. aeruginosa
	100~150
	4
	Zoogloea ramigera
	71.9
	4.6

	
	Thiobacillus ferrxidans
	102.65
	1.5
	Zoogloea ramigera
	400
	3.5

	
	Azolobacter vinelandii
	59.5
	4.1
	
	
	

	Gram-positive bacteria
	Mycobacterium smegmatis
	187
	1
	Actinomyces levoris
	120
	6

	
	Arthrobacter sp.
	600
	5.8
	Streptmyces
	130
	6

	
	Bacillus subtilis
	615
	5
	viridochromogenes
	78.1
	4.6

	
	Bacillus subtilis
	84.9
	4.6
	Actinomyces flavoviridis
	87.3
	4.6

	
	Bacillus cereus
	11~280
	5.0
	Streptmyces albus
	81.6
	4.6

	
	Bacillus spheericus
	11~280
	5.0
	Streptmyces echinatus
	75.4
	4.6

	
	Bacillus megaterium
	11~280
	5.0
	Streptmyces obiraceus
	250
	5~6

	
	Micrococcus luleus
	74.7
	4.6
	Streptmyces sp.
	440
	4

	
	
	
	
	Streptmyces longwoodensis
	
	

	fungi
	Rhizopus arrhizus
	180
	4
	Tricholoma conglobatum
	49.2
	6

	
	Rhizopus arrhizus
	195
	4
	Favolus arcularius
	45.25
	6

	
	Rhizopus olgosporus
	250
	3.7~3.9
	Inonotus mikadoi
	45.75
	6

	
	Rhizopus oryzea
	260
	3.7~3.9
	Saccharomyces cervisiae
	100~150
	3~4

	
	Rhizopus javanicus
	250
	3.7~3.9
	Saccharomyces cervisiae
	141
	4~5

	
	Rhizopus formosaensis
	200
	3.7~3.9
	Neurospora sitophilo
	90.7
	4.6

	
	Rhizopus chinensis
	190
	3.7~3.9
	Penicillium chrysogenum
	170
	3

	
	Rhizopus japonicus
	200
	3.7~3.9
	Penicillium chrysogenum
	165
	4.5

	
	Rhizopus stolonifer
	170
	3.7~3.9
	Penicillium chrysogenum
	72.4
	4.6

	
	Talaromyces emersonii
	280
	5
	Penicillium lilacinum
	80
	4.6

	
	Kluyveromyces marxianus
	120
	5~7
	
	
	

	algae
	Chilorella regularis
	67.2
	8
	Scenedesmus quadricauda
	170
	7

	
	Chilorella regularis
	15.6
	8
	
	
	

	moss
	Cladonia rangiferina
	14.5
	3.3
	Petigerd membranacea
	42.2
	4.5

	
	Cladonia rangiferina
	11.6
	3.3
	
	
	


（1）Microbial Resistance to Uranium Experiments in Mengqiguer Uranium Deposit
The microorganism of uranium environment purification, by dilute the microorganisms were isolated. Pick a single colony in liquid medium for culture, microscopy. Single colony vaccination Of all the specimen is selected to liquid medium for cultivation. Three bacteria are isolated by aerobic treatment: a pale yellow circle colony, a white colony and a brick red colony, And pale yellow circular colony have the same morphology with white colony.Two bacteria are isolated by anaerobic treatment: a tan for clostridium bacteria and a kind of irregular shape black fungus ball. All five colonies are short in the form of a single bacterium by microbial microscope.

By the above five kinds of bacteria liquid with total DNA extraction, total DNA size is about 19 k. It is conformed to the requirements of the experiments. 16 s rDNA PCR amplification of DNA fragments size is around 1500 bp, which conform to the requirements of the experiments. 16 s rDNA conversion of advantage microbial in uranium environments is coated on the blue white spot screening plate. After 16 h, a lot of white spot and a small amount of locus coeruleus grow. White spot single colony is vaccinated to slant culture, and sequencing. The sequencing results on NCBI compare (table 6), it is found that aerobic training, white fungus, light yellow and brick red bacteria are Pseudomonas genus, and white and pale yellow with only two different bases. Anaerobic culture of tan bacteria is Diaphorobacter bacteria genera, and black fungus is uncultivate microorganisms.  Its biochemical characteristics need to do further work.
Table 6 The sequencing result of bacterial species related to uranium

	The sequencing results
	Strain
	Bacteria culture environment
	Form
	Size(μm)
	Gram staining
	Spore
	Flagellum
	Temperature

	Pseudomonas
	White fungus, pale yellow bacteria, brick red
	Aerobic
	Short rod
	（0.5~1）×（1.5～4）
	G-
	-
	Polar
	30℃

	Diaphorobacter
	Tan bacteria
	Anaerobic
	Short rod
	/
	/
	/
	/
	/

	Uncultured bacteria
	Black fungus
	Anaerobic
	Short rod
	/
	/
	/
	/
	/


Separation and purification of five kinds of bacteria with different colony morphology all grow well in the land of 50 mg/L, 75 mg/L, 100 mg/L uranium solution culture medium. It shows that several kinds of microbe can grow under the condition of high concentration of uranium.
（2）Microbial Reduction Experiments in Shihongtan Uranium Deposit
Microbial DNA extracted from sandstone type uranium deposit core, by PCR amplification, won 16 s rDNA sequence, through the analysis of the evolutionary tree of ore-bearing bed, the preliminary found by species and biochemical characteristics of microorganism. Geoglobus activorans bacteria is first discovered in the ore-bearing bed, and cultivated successfully. The iron reducing bacteria can reduce Fe3+ into Fe2+, which can turn the clay into green.
4 Microbial Mineralization Discussed
4.1 Mechanism of microbial enrichment of uranium 
Mechanisms of microbial uranium accumulation are divided into two types: those that are metabolism dependent and those that are metabolism independent. Uranium enrichment capacity is affected by the medium pH, contact time of the microorganisms and uranium solution, medium microorganism quantity and concentration of uranium cationic and anionic species and other, microbial cells physiological state.
（1）Microbial metabolic mechanism dependent of enrichment of uranium 
Microbial metabolic uranium enrichment mechanism dependent includes: produced by microbial metabolism chemical complex uranyl, ligand and waste in extracellular uranyl mineral deposits. Microbes can grow from reduction process of U (Ⅵ). 

It is found that there are many different types of archaea in the series through the experiment. Archaea can effect on the control of the uranium ion migration through two ways. One is generated by metabolism of H2 and H2S by reduction will be a high state of uranium reduction of precipitation; The other way is by producing organic matter such as methane or macromolecular organic compounds such as humic acid to indirect control of the uranium ions. The Microbial effects on uranium mineralization are comprehensive, but also it restricted by various environmental factors. Organic substances produced in the process of metabolism of microbes can change Eh, pH value of environment. It also exists the relationship of symbiosis and alternate, competition and antagonism between microbial, and thus it affects the growth of the deposit. The reaction is as follows:
1 Organic uranyl complex migration and precipitation 
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2 The mold ball pyrite and uraninite trip 
a.CH4+SO42-( in anaerobic bacteria)→H2S+CO32-+H2O（or HS-+ HCO 3-+H2O）；

or SO42-+2C（Solid organic matter）+2H2O（Under the action of bacteria）→H2S+2 CO2+2OH-
b. UO2 (CO3)22-+ 2HS-→UO2↓+ 2HCO 3-+ 2S(25℃,△GT0 is -122.6 kJ/mol，Lgk=21.5)
c. 4UO2(CO3)34-+HS-+15H+→4UO2↓+ SO42-+12CO2+8H2O（25℃,△GT0 is -786.4 kJ/mol，Lgk is 137.7)
d. UO2(CO3) 34- + H2S → UO2↓ + S + 2CO32- + CO2+H2O（25℃, △GT0 is -24.6 kJ/mol，Lgk is 4.3)
e. UO22++HS-→UO2↓+S+H+（25℃,△GT0 is -91.4 kJ/mol，Lgk is 16.0)

By the thermodynamic calculation results, the reaction can spontaneously to the right（Rao J-L,1979）。
For generation of pyrite reaction：
Fe2++SO42-+7H2S→4FeS2 (solid)↓+4H2O+6H+
Due to anaerobic bacteria to produce a large amount of CO2, the oxidation of organic matter decomposition of CO2 can cause SiO2 solubility increase, and it can cause the dissolution of quartz, containing SiO2 solution may form quartz hyperplasia edge. And in smaller Eh (environment into a strong reduction) and higher temperature conditions, lead to the destruction of the primary ore, namely from the pitchblende to uranium stone, or directly generate some uranium stone.

UO2 (CO3)22-+H4SiO4+2e→USiO4↓+2CO32-+2H2O

UO2 (CO3) 34-+H4SiO4+2e→USiO4↓+3CO32-+2H2O
This is the reason why uranium contained some uranium stone in Yili, turpan-ham and Ordos basins.
（2）Microbial metabolic mechanism independent of enrichment of uranium
Metabolism independent uranium accumulation refers to the negative potential of the microbial cells and positively charged UO22+ ions between the physical chemistry, chemical state or the solution change, leading to uranium enrichment in a cell. The class of the enrichment of uranium is not subject to the restriction of microbial metabolism, caused by the permeability of cell membrane to enhance, this is an unusually rapid biological adsorption.
This mechanism refers to the negative potential of the microbial cells and positively charged UO22+ ions between the physical - chemical action, or because of solution chemical state (pH, phosphate content, etc.) change, lead to uranium enrichment in a cell. The enrichment of uranium is not affected by microbial metabolism, but it is enhanced by the permeability of cell membrane (probably due to the toxicity of uranium) (Marques A M, et al.1991). This is a kind of abnormal rapid biological adsorption, including adsorption, absorption, ion exchange and precipitation. Numerous studies have proved that the mechanism of microbial independent uranium is priority to the mechanism of microbial dependent uranium.
Through experiments, it is found that microorganisms for uranium there are different levels of adsorptive enrichment. Negative potential of microbial cells and the positively charged UO2 2 + ions can make physical - chemical effect. Solution chemistry changes, can lead to enrichment of uranium in intracellular and precipitation. It is found that it has different kinds of obvious synergy between archaea.
4.2 Microbial mineralization in Interlayer oxidation zone sandstone type uranium deposits  
The formation of interlayer oxidation zone sandstone type uranium deposit experienced metallogenic preliminary enrichment in the early stage, the main mineralization stages and epigenetic modification again, so far in the evolution process of uranium mineralization is still in development.
In the early mineralization stage, the soluble iron in the groundwater oxidized to ferric oxide colloid under the action of aerobic bacteria. A large number of limonite and hematite is formed in the oxidation zone, with organic matter decomposition and the formation of organic acids. Along with the groundwater migration and oxygen consumption, U (Ⅳ) in humus, clay, coal, under the action of anaerobic bacteria by transition zone plate strip or irregular, symbiosis with pyrite ore body.
In this phase , living bacteria algae microorganisms, metabolic reduction, enrichment is given priority to.U (Ⅳ) precipitation is mainly in bacterial cell walls. In the main mineralization stage, Ore body goes further enrichment, and gradually form ore body, with the accumulation on the surface of the uranium in microorganisms. Due to changes in the geochemical environment, containing oxygen and uranium groundwater flow in the ore-bearing aquifer tendency. This phase is given priority to with the metabolic way enrichment dependent of uranium, on the one hand, biological adsorption (including adsorption, absorption, ion exchange and precipitation) U (Ⅵ), on the other hand, the body such as H2S microbes reduction U (Ⅵ) and enrichment. Later reproductive stage, due to the neotectonic movement, make the basin multiple integral lifting, cause the volume of ore body forward continuously downward "migration" and thickening enrichment. Due to the influence of the chemical environment, the early part of the adsorption U reduction of (Ⅵ) U (Ⅵ).
In short, microbial effects on uranium mineralization are comprehensive, but also it is restricted by various environmental factors. Organic substances produced in the process of metabolism of microbes can change Eh, pH value of environment. It also exists the relationship of symbiosis and alternate, competition and antagonism between microbial, and thus it affects the growth of the deposit. An acidification and a reduction in total precipitation, adsorption of comprehensive geochemical barrier by microorganism and organic matter mineralization, laid the foundation to form industrial ore body. Numerous studies have proved that the mechanism of microbial independent uranium is priority to the mechanism of microbial dependent uranium.
5 Conclusion
Interlayer oxidation zone sandstone type uranium deposits in the microbial activity have aroused people's concern. Many researchers conducted related simulation experiment, and have also made some understanding.But as a result of microbial reduction enrichment and enrichment of uranium adsorption experiment conditions are far from natural sandstone type uranium deposits metallogenic conditions, the deposit of microorganisms living conditions and the uranium enrichment mechanism research is relatively lacking. Deduced uranium enrichment mechanism according to the experimental results is still needed to constantly improve and validation. The author thinks that:
（1）Microbial effects on uranium mineralization are comprehensive, but also it is restricted by various environmental factors.
（2）The mechanism of microbial independent uranium is priority to the mechanism of microbial dependent uranium in interlayer oxidation zone sandstone type uranium deposits.
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