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专论与综述 

中国温泉微生物物种多样性及其酶活性研究进展 
马瑞1,2,4  陈成3,4  李海峰 3,4  祝雪禧 3  宋可馨 3  袁梦 3  肖文 1  杨晓燕 1  王开玲*3,4 
1      671003 
2      671000 
3      671000 
4      671000 

摘  要：微生物作为生物群体的重要组成成员，其生长受外界物化条件(如温度、盐度、pH 等)影响

较大。温泉作为极端水生环境之一，属于相对稳定且较为特殊的生态系统，使生长于其中的微生物

可能具有适应高温等特殊生境的独特生存生理机制，具体表现为微生物物种及其活性次级代谢产物

呈现出一定的多样性与新颖性。本文从菌株物种多样性分析及其酶活性研究方面，综述了近 5 年来

国内温泉微生物相关研究进展，以期为温泉等极端环境微生物资源开发与保护提供参考。 
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Species diversity and enzymatic activity of microorganisms in 

Chinese hot springs: a review 

MA Rui1,2,4  CHEN Cheng3,4  LI Hai-Feng3,4  ZHU Xue-Xi3  SONG Ke-Xin3   

YUAN Meng3  XIAO Wen1  YANG Xiao-Yan1  WANG Kai-Ling*3,4 
1 Institute of Eastern-Himalaya Biodiversity Research, Dali University, Dali, Yunnan 671003, China 
2 School of Public Health, Dali University, Dali, Yunnan 671000, China 
3 School of Pharmacy and Chemistry, Dali University, Dali, Yunnan 671000, China 
4 Institute of Materia Medica, Dali University, Dali, Yunnan 671000, China 

Abstract: As an important component of the biological community, the growth of microorganisms is 

greatly affected by external physicochemical conditions (such as temperature, salinity, pH, etc.). Hot 

springs, as one of the extreme aquatic environments, belong to a relatively stable and special ecosystem. 

Microorganisms growing in hot springs may have special survival physiological mechanisms that are 

adapted to special environments such as high temperatures. More specifically, diversity and novelty are 
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high in microbial species and their active secondary metabolites. This paper reviews the research progress 

of microorganisms in Chinese hot springs from January 2015 to August 2020 with a focus on microbial 

species diversity and enzymatic activity, in order to provide references for the exploitation and protection 

of microbial resources in hot spring and other extreme environments. 

Keywords: Hot spring, Microorganism, Species diversity, Enzymatic activity 
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1  中国温泉细菌菌种分布格局及其酶活性 

1.1  云南温泉 
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表 1  云南腾冲温泉细菌的酶活性及其新型菌株[5-11] 
Table 1  Enzymatic activity of bacteria and new species from Tengchong hot springs of Yunnan [5-11] 

 
Genus and species 

 
Culture temperature (°C) 

 
Enzymatic activity 

Anoxybacillus sp. YIM 342 50 α- Alpha-amylase 
Anoxybacillus flavithermus TCC9-4 40 AsIII AsIII oxidase 
Metallosphaera tengchongensis Ric-A (new species) 60 Oxidase 
M. tengchongensis Ric-F (new species) 40−50 Oxidase 
Meiothermus roseus YIM71031 (new species) 55−75 − 
M. roseus YIM71039 (new species) 37−65 − 
Crenalkalicoccus roseus YIM78023 (new species) 37−65 − 
C. roseus YIM78058 (new species) 20−60 − 
Thermus amyloliquefaciens YIM77409 (new species) 25−60 − 

− . 
Note: −: No reported data. 
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表 2  西藏温泉细菌的酶活性及其新型菌株[23-24] 

Table 2  Enzymatic activity of bacteria and new species from Tibet hot springs[23-24] 
 

Hot spring 
 

Genus and species 
 

Enzymatic activity 
[23] 

Tower frame geothermal  
area of Tibet[23] 

Anoxybacillus caldiproieolyticus YIM 78677 Cellulase 
A. rupiensis YIM 78519 
A. rupiensis YIM 78570 Xylanase 
A. rupiensis YIM 78659, YIM 78675 Xylanase, cellulase 
A. tepidamans YIM 78678 Cellulase 
Bacillus aerius YIM 78509, YIM 78542, YIM 78550 
B. aerius YIM 78593, YIM 78631, YIM 78701 
B. aerius YIM 78560, YIM 78723  

Xylanase, cellulase, microcrystalline cellulase 
B. aerius YIM 78615  

Cellulase, microcrystalline cellulase 
B. aerius YIM 78668  

Xylanase, cellulase B. aerophilus YIM 78406 
B. aerophilus YIM 78404  

Xylanase, cellulase, microcrystalline cellulase B. amyloliquefaciens subsp. plantarum YIM 78660 
B. amyloliquefaciens subsp. plantarum YIM 78726 
B. amyloliquefaciens subsp. plantarum YIM 78788 
B. licheniformis YIM 78520, YIM 78523, YIM 78524 Cellulase 
B. licheniformis YIM 78527, YIM 78556, YIM 78690 
B. licheniformis YIM 78925, YIM 78944 
B. sonorensis YIM78407 Xylanase, cellulase 
B. subtilis subsp. inaquosorum YIM 78414, YIM 78709  

Xylanase, cellulase, microcrystalline cellulase 
B. subtilis subsp. subtilis YIM 78625  
B. tequilensis YIM 78517, YIM 78518, YIM 78589 Xylanase 
B. tequilensis YIM 78522, YIM 78525 Cellulase 
B. tequilensis YIM 78528, YIM 78579 
B. tequilensis YIM 78521, YIM 78526, YIM 78543 Xylanase, cellulase 
B. tequilensis YIM 78564, YIM 78567, YIM 78575 
B. tequilensis YIM 78576, YIM 78583, YIM 78584 
B. tequilensisYIM 78596, YIM 78655, YIM 78661 
B. tequilensis YIM 78671, YIM 78687 
B. tequilensis YIM 78688, YIM 78689 
Brevibacillus thermoruber YIM 78300 (new species) − 
B. thermoruber YIM 78540 Cellulase 
Geobacillus kaustophilus YIM 78515 Xylanase 
G. kaustophilus YIM 78588, YIM 78645 
G. thermoleovorans YIM 78507, YIM 78508 
G. thermoleovorans YIM 78658 
Herbaspirillum aquaticum YIM 78676 
Micromonospora chaiyaphumensis YIM 78680 Cellulase 
Microvirga vignae YIM 78597 
Stenotrophomonas maltophilia YIM 78679  

Xylanase, cellulase, microcrystalline cellulase 
Streptomyces echinoruber YIM 78536 Xylanase 
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Note: Tower frame geothermal area is located in Angren county of Shigatse area in the southwest of Tibet, and the temperature of 
samples is ranging from 32 °C to 86 °C[23]; Qu zhuomu and Tower frame thermal springs are located in Cona county and Angren county 
of Tibet, and the temperature of samples is ranging from 45.5 °C to 78 °C[24]; −: No reported data.  
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1.3  福建温泉 
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1.5  湖南温泉 
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表 3  湖南汝城县热水镇温泉细菌的酶活性[27-28] 

Table 3  Enzymatic activity of bacteria from hot springs in Reshui town, Rucheng county, Hunan province [27-28] 

Genus and species Enzymatic activity 
Anoxybacillus rupiensrain R8  

Urease, oxidase, protease, thermophilic agarase, thermophilic amylase 
Anoxybacillus sp. R11  

Catalase, protease, thermophilic agarase, thermophilic amylase 
Geobacillus sp. R13  

Oxidase, thermophilic agarase, thermophilic amylase 
Meiothermus sp. R5-R7  

Catalase, oxidase, alkaline phosphatase, protease 
N25°31′47.29″ E113°54′48.19″ 68 94 86 90 °C[27-28]. 

Note: Hot spring is located in Reshui town, Rucheng county, Hunan province (N25°31′47.29″, E113°54′48.19″), and the temperatures of 
sampling sites are 68, 94, 86 and 90 °C[27-28], respectively.
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1.6  河南温泉 
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2  温泉放线菌菌种分布格局及其酶活性 

2.1  云南温泉 
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表 4  云南荷花温泉放线菌的酶活性[33] 
Table 4  Enzymatic activity of actinomycetes from Hehua hot spring inYunnan province [33] 

Genus and species Enzymatic activity 
Streptomyces rishiriensis H2 Hydrogen sulfide, amylase, reductive nitrate 
S. rishiriensis H23  

Hydrogen sulfide, amylase, rennet, reductive nitrate 
S. rishiriensis H38  hydrogen sulfide, amylase 
S. rishiriensis H50 Hydrogen sulfide, amylase, rennet 
S. ossamyceticus H7 Hydrogen sulfide, amylase, reductive nitrate 
S. ossamyceticus H13, H28  

Hydrogen sulfide, amylase, rennet, cellulase, reductive nitrate 
S. ossamyceticus H15  

Hydrogen sulfide, amylase, rennet, reductive nitrate 
S. ossamyceticus H30 Hydrogen sulfide, amylase, protease 
S. ossamyceticus H54 Hydrogen sulfide, amylase, rennet, cellulase 
S. viridodiastaticus H4 Amylase, cellulase 
S. viridodiastaticus H35 Amylase, protease 
S. wuyuanensis H12 Hydrogen sulfide, rennet, reductive nitrate 
S. wuyuanensis H57 Hydrogen sulfide, cellulase 
S. speibonae H8  

Hydrogen sulfide, amylase, cellulase, reductive nitrate 
S. alboqriseolus H21  

Hydrogen sulfide, amylase, cellulase, reductive nitrate 
S. toxytricini H41 Hydrogen sulfide, rennet 
S. filipinensis H48 Rennet 
Micromonospora purpureochromogenes H5 Rennet, cellulase, reductive nitrate 
M. purpureochromogenes H6 Amylase, protease, reductive nitrate 
M. soil H10 Rennet, cellulase, reductive nitrate 
M. chaiyaphumensis H37 Rennet, cellulase, reductive nitrate 
Nonomuraea roseola H46 Reductive nitrate 

N24°42′40″ E98°40′30″ 44 °C[33]. 
Note: Hehua hot spring is located in Baoshan city, Longling county, Yunnan province (N24°42′40″, E98°40′30″), and the temperature of 
water sample is 44 °C[33]. 
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表 5  西藏温泉放线菌的酶活性[23,34] 

Table 5  Enzymatic activity of actinomycetes from Tibet hot springs[23,34] 
 

Hot spring 
 

Genus and species 
 

Enzymatic activity 
[23] 

Taggard geothermal area[23] 

Streptomycescinerochromogenes YIM 78758 Xylanase 

[34] 

Yangbajing geothermal[34] 
Streptomyces anulatus R3 Reductive nitrate 
S. griseoruber R5 Cellulase, catalase 
S. radiopugnans R7 Hydrogen sulfide, catalase 
S. radiopugnans R20 Cellulase, catalase 
S. flavofungini R8 Hydrogen sulfide, catalase 
Nocardiopsis umidischolae R14 Reductive nitrate 

32−86 °C[23]

N30°−31° E90°−91° 43.0−65.4 °C 45.3−64.5 °C[34]. 
Note: Tower frame geothermal area is located in Angre county of Shigatse area in the south of Tibet, and the temperature of samples is 
ranging from 32 to 86 °C  [23]; Yangbajing geothermal area is located in west of Yangbajing township, Dangxiong county, Lhasa, Tibet 
(N30°−31°, E90°−91°), the temperatures of samples of sediment and water is ranging from 43.0 to 65.4 °C and from 45.3 to 64.5 °C [34], 
respectively.  
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(A. xiangyunensis)

 
[38] Illumina HiSeq 2500
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3.3  小结 
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