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1. Introduction

挥发性化合物（VCs：Volatile compounds）

VCs̓͂ ↔ ↨ἆᶆ Ἓᾫιԏῶẍ┌￼╗ớ ιᴵӐѭӡỤקḙⱶ

Ӟּו ֿἆἬֺֿ ӌỵẔᵙ ớ ֿιẽᵠԎ ṗ￼ ѭᵙ ᶚι

ḅẔ☼ᴦẔ ӌẻỗ ⱶוּ ᵙד⅜ ≈ ᶈᶆ ѧιVCsᶈ

ᵙ ԓ ҊӐּזѧ Ӑּז



1. Introduction

放线菌ѭ ѧ ק ￼ ιῗᶆ ѧῳᶽ￼ỉּוⱶ ѳ

ѭ ⱡּף￼ ⱶֺ ιғּוԏῶּוⱶ╗ớ￼₭ Ҧ ғⱶιᴵӐѭ

ἰּו ἰ ֺֿ ἰ ֿ ֿᵙԁ Ἤֺֿ

基内（营养）菌丝：ᾋᴨ ғ

基外（气生）菌丝： ᾠ ↔ ғ



1. Introduction

链霉菌属 (Streptomyces) ῗᾣ ￼Ҧ ṞιѼῗᾣ ѧῳᶽ￼ ѦṞιῗ

ῳ ￼ᾣ Ṱἵ ￼ῶ׳ӎ ιẍ┌֫ṵ҈ᶆ ѧιḾᶆ ѧᶶ ῶ ⱶ￼

ᴧὤק Ӑּז

放线菌所产抗生素的90%由Streptomyces产生ιѭῳ ￼ἰּו ғוּ ιḅ

ᵺע Ὰ ᴊ ҌԚ ῶ￼ᴵғּוṪўּז ︢

ầ‗ ἆ וּ B12 ₩Ẫ ῗ︢ (Streptomyces albidoþavus)



1. Introduction

链霉菌会产生许多挥发性物质（VCs)ι ׁԎּוỗו Ṍ῾ ▐₣

ԋ҈VCs￼ἰ ╗ớιѮ ἰ ⱶ╗ớιԎѧ︢ (Streptomyces albidoþavus)

ғּו￼sesquiterpene albaflavenoneѭ ѧ Ѧ⸗℮Ԑӕ

目前，关于细菌产生的VCs的生态作用和VCs抵抗机制的还有待进行研究。

小分子VCs，如H2S和NO在调节抗生素活性和耐药性中起主要作用：

ӕḅιH2S￼ғּוᴵӠἴ ԁᴩ ḾDNAιRNAι ︢ ᵙ ᶰּוⱶᵀἄ￼ἰּו ￼Ӝḱ

℅ᶹιBacillus anthracisғּוNO‎Ӡἴ ṯԁᴩ יẔ☼ιẊẁק ᶈṭ ѧḕ╗ιҡ

ᶈ ḶѮ ѧᴧὤ҃ԋ Ӑּז Ѽῶ ῎ιNO￼ғּו ὶӠἴ ԁᴩᴿ ἰּו ￼Ӝḱ

ᶭזᶺ ￼ᵍ Ậ Ḿᵺע ￼ἰớιҡ Ṁ ớ￼ᾡᴪ

ῶ Ҏḫ Ὧ ῎ιVCsI Һẽᵠ ￼Ḣᾯớιᴵ ҺӔ ḾԎҤ ᶐ ᵀⱶק￼

εӕḅἰּו ζ῭ᾧỵ

细胞间信号的传导？自我保护的武器？



2. Materials 
and methods



ŵ. Strains, media, culture conditions, 
and antimicrobial assays 

The Streptomyces strains were grown on Soy Flour Mannitol (SFM) agar plates to prepare spore stocks.

Volatile antimicrobial assays were performed using a petri dish with two compartments.

test microorganisms:

grown on LB agar plates
枯草芽孢杆菌

Streptomycesstrains were streaked on the SFM side and allowed to grow for 5 days after which, 

E. coli or B. subtilis were inoculated on the LB side using a concentration of 104 and 103 cfu/mL 

respectively.



2. Materials and methods 

Ŷ、Collection and analysis of VCs

VCs produced by Streptomycesmonocultures grown on SFM agar were collected using a glass Petri 

dish designed for trapping of the volatile headspace. Samples were taken in triplicates from day 3 to day 5 of 

growth; after that, the Tenaxsteel traps were sealed and stored at 4C until GC-Q-TOF analysis. 

ŷ、pH change (growth media), ammonia determination, and toxicity

pH值：phenol red indicator Ὕ ֿε0.002%ζψafter 0, 3, and 5 days.

Ammonia：After 5 days, the ammonia was determined using the Quantofix® ammonium test kit. 

Toxicity of ammonia：E. coli and B. subtilis were incubated in the automated BioscreenC (Lab systems 

Helsinki, Finland) in the presence of increasing concentrations of ammonia. 

Ÿ、Ammonia production in soil

To detect the production of ammonia by Streptomycesinoculated in field soil, a microrespirometry-like 

system ᶆ ỉּוⱶᵗ ￼╜ḧΆ│ζwas used. The system was incubated for 10 days at 30C.



2. Materials and methods 

Ź、HCN（氰化氢）determination

ź、Whole genome sequencing

E. coli AS19-RlmA− and its mutant ARM9;accession number: CP027430

Ż、Genetic complementation （遗传互补）of ompR（反应调节因子）

and envZ（感觉激酶） 野生型基因 ӳ突变型基因￼ Ӕ ᶚỠᶶ⃰Ẃ￼א

ż、RNA sequencing

For RNA extraction E. coli cells were grown to an OD 600 of 0.5.

Ž、Synergism of StreptomycesAB-VCs with soluble antibiotics

Streptomycesstrains were streaked on the SFM side and allowed to grow for 5 days at 30°C 

after which, E. coli or B. subtilis were inoculated on the LB side using a culture grown to an OD=0.5. 



3. Results



ŵ. VCs as bioactive agents in long-distance antibiosis

ᾣ￼VCsḾᶽ   ASD19 ⱶ╗ớוּ￼‼

是否可以通过改变生长条件来引发抗微生物挥发性化合物（AMVC）的产生？

῎ιpH 10ιἆ▌זN- ᶢ ι╪ ︢ ⅔ώᴨⱶ ᴵώ ￼ἰּו ғ

ḌԓּׁשἾ



ŵ. VCs as bioactive agents in long-distance antibiosis

Volatile antibiotic activity of different Streptomycesstrains grown at pH 7 or pH10, the latter by 

addition of a glycine甘氨酸/NaOH buffer; E. coli strain ASD19 was the indicator strain.

灰色链霉菌天蓝色链霉菌



ŵ. VCs as bioactive agents in long-distance antibiosis

S. coelicolorᶈүӍ

╜ ‍ҭїᶎј

ғּוAMVC

ᴪ



Ŷ. The main inhibitory molecule is ammonia

VCs may induce a change in pH away from the producing colonies. (Jones SE et al, Letoffe S et al.) 

phenol red（酚红）: which changes from pale orange to bright pink when the media becomes more alkaline.

״￼pH҈יּ ι3ᶾᵅὶ ￼ᶽ  

וּ ᴩֹἬֺι 5ᶾᵅּו ḢԅἬֺ



Ŷ. The main inhibitory molecule is ammonia

氨、三甲胺（TMA）是可引起pH变化的VCs，根际链霉菌还可产生氰化氢（HCN）。

引起pH变化的主要VCs ?



Ŷ. The main inhibitory molecule is ammonia



Ŷ. The main inhibitory molecule is ammonia

pH升高主要是由于氨引起的；

链霉菌的抗菌作用可能与氨气释放密切相关。

Quantofix® 氨气检测试剂盒



Ŷ. The main inhibitory molecule is ammonia

生物活性是由氨引起的。

Ῡ ҈ VCs￼LB ώᴨⱶ￼ ᵍ LB ώᴨⱶ￼ ‰֝Ύ

ᶽ  

 



ŷ. Ammonia is derived from glycine cleavage

生物活性是由氨以甘氨酸裂解依赖性方式引起的。

ᶈ ᶼ דּ￼ ╟ẙїιἍῶ╜ ￼

ғּו ḧ↨Ẉ￼ ιҡ ἬֺԎҤ וּ￼

דּ εGCVζχѕ εGcvLιGcvPιGcvTζᵙ ӌ ︢GcvH

S. coelicolorᴝ S. griseusιὤᴧớ Ѯ ‎ דּ

εGCVζ ιGcvTῗּד ғוּ ￼ԋ

gcvP￼᷂╗ ₿S. coelicolorѧ ἄוּ￼↔

S. griseusѧgcvɡ ᵼ￼沉默ε ᾮ ζιᴵ

Һ֧אᶢᵼ⅍ּפ



Ÿ. Ammonia production in situ

在生态环境中是否也能发生远距离的挥发物介导的拮抗作用？

ᶈᶆ ѧזԄS.griseusᴝ gcvT ᴪӌ ‼ι╜ḧ דּ ╟ẙᶭזι

ᶆ ᾣ￼ὤᴧⱶ￼ἰ ╗ớ

זּ ╥ṵ│ҡјᵃּד ╟ẙ￼ᶆ Ừ╢ ѧᵻᾠ￼

דּ￼0.1βז▌ וּ ῳӓ



ᶆ ѧ▌דּז ιS.griseusғּו￼ὤ

ᴧớ Ḿ   ￼ Ἤֺ

Ÿ. Ammonia production in situ

↔ῗּיS.griseusғּו￼

ᶈ ⱡעᶫѧιּד ῗ⁞

֫ ⱶѧ￼Ѩḹ ᶢ ιӔԎᶈᶆ

ѧ￼ḕᶈἄѭᴵ ε Bobille H et 

al, ZhalninaK et alζ

研究表明：

ᶈּד ḕᶈ￼‍ҭїιᶆ

ᶫѧע ғּו ιҡ

♁ԎḜ



Ź. OmpR is key to ammonia resistance

Colonies from E. coli strain ASD19 resistant to VCs produced by Streptomycessp. MBT11. 

ѭ▄Ԅ҃ ҟṀ￼ἰỉּוⱶӐּז ֺι Ὅ具有抗氨突变体的大肠杆菌ι

‎◊҈Ῡ ᶈStreptomyces sp. MBT11.ғּו￼ ᶫѧע￼

ἰớ ᴪӌ



Ź. OmpR is key to ammonia resistance

ᶽ   ҙ 

ᴪӌ

ᶽ   Ḿ ￼ᾧỵớѪּף♇χ20mM        25mM



Ź. OmpR is key to ammonia resistance

为了确定ARM9的突变性质，将其基因组序列与其亲本大肠杆菌ASD19的基因组序列进行比较。

ᴅ⁄ ὴ֯֫‘ᴧאỞԊ

658Ѧ ᴪιԎѧ198ѦẬ ҃ ᶢ

￼ᴪקεᾀԄἆ ᷂ζ



Ź. OmpR is key to ammonia resistance

大肠杆菌ompR-envZ启动子中的插入序列决定了对氨的抗性。

ᶈompR-envZk Ḓ￼-35ᴝט -10Ԋῶẑ֯ѳ ẬԄ҃ѣѦᾀԄӺҭεinsA_31

ᵙinsB_31ζι ᴦẔיּ ᵼḒOmpRᴝ ỵ ☼ EnvZ ἄ￼ᴥ ֫

εtwo-component systemχTCSζ

TCSᴠљḾעᶫӡᴺ￼▒ ι ᶹ ḓ ︢OmpFᴝ OmpC￼ Ṱ Ḝ

Ҫљ▒ ᴙᵙpH ￼ἰּו ớῶԋιҡ Ӊᶽ   ḾVCs￼ᴦẔớ



ź. Reduced transcription of the ompR-envZ operon 
is the cause of ammonia resistance

E. coli suppressor mutant ARM9 is resistant against 

VCs produced by S. venezuelaeand S. griseus grown 

at pH 10 (buffered with glycine). 

Growth of suppressor mutant ARM9 and transformants harboring 

either empty plasmid pCA24N, plasmid ompR-pCA24N (expressing 

ompR), or plasmid envZ-pCA24N (expressing envZ). 

引入表达ompR或envZ的构建体可恢复氨的敏感性，而带有空

质粒的转化体则继续具有抗性。

ompR-envZ转录降低是获得氨抗性的主要原因？



Ż. Ammonia released by Streptomyces modifies 
sensitivity to canonical antibiotics

链霉菌产生的挥发性化合物和可溶性抗生素之间的协同作用。

ῗԏῶὤᴧớ￼AMVCιᴵֹ ᶴ￼ ᵼ℅Ӭ ֫Ḓᴵ ᶈљᶆ ѧԎҤ

ỉּוⱶ￼ ҅ѧᴧὤӐּז ӕḅιᾡᴪּיᾣ ғּו￼ԎҤἰּו ￼Ӑּז

/᷈

ὶ 4dɑ ιὶ B. subtilis and E. coliBREL606

Ẹғ ￼ ᶈᴩӌ וּ Ὴι   ᵙᶽ   Ḿᶽᶺᾭἰּו ￼ᾧỵớῘ ώ

来自链霉菌的生物活性VCs在更长的距离上调节可溶性抗生素的活性，

从而使它们能够利用其他细菌产生的抗生素，增强其自身VCs的活性。



4. Discussion



ᶆ ѧ￼ ῗ ⱡּף￼ ⱶֺ ι ׁ ᴁҨі￼Ṱ ἰּו ᵙ ᶺԎҤ

ԏῶּוⱶ╗ớ￼ᶾⱡғⱶ ғוԎּיּ Ӈῗι Ҏ Һғּו ᶺὤᴧớⱶ ι

Ҏ֫ḒҺᾫṵᶈᶆ ᶢ ѧιẊᴵ ẽᵠԎҤεỉζּוⱶ

דּ ῗғּו ￼ׁӌι דּ ￼᷂╗Ӕ ⱶᵀἄ᷂ᾦוּ￼ ᶽ  

ӉᴦẔ ᵼḒOmpRᴝ ỵ ☼ EnvZ￼ ιҨᶈ ҟṀ￼ἰ Ӑּז

ѧּוḕ ῎ᴵҨᶭẶ Ԑἰּו ￼╗ớι ￼ ᾣᴵҨẁיԎҤ ᶚ￼₭ Ҧ

ғⱶ ᵙἛᾫιᵃῊӔ ҅ ᾧỵ

本研究首次表明土壤中生长的链霉菌可以产生大量具有挥发特性的氨，通过空气

传播，从而远距离杀死细菌。链霉菌可以将氨作为廉价的空中武器来改变它们周围的

环境，从而使自己的防御机制更加有效。抗微生物挥发性化合物（AMVC）领域的研

究，为农业或医学应用提供新的机会，如用于作物保护和天然产物的发现。

Discussion
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