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Figure 33. Effect of manumycin (1, 3, 10 mg/kg/day) in suppression of pro inflamma- 

tory cytokines (A: TNF-α, B: IL-6, C: IL-1 ß) and iNOS protein expressi- 

on (D) in DSS induced colitis model••••••••••••••••••••••••••••••••••••••••••••••••••81 
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Abstract in Korean 

 

Streptomyces sp. CS392 균주에서 분리한 항균, 면역 

조절물질의 이화학적 특성 및 생물학적 활성 평가  

 

조승식   

지도교수: 유진철 

조선대학교 대학원 약학과 

 

 

한국 토양 방선균에서 항균, 면역조절 물질을 개발 하고자 국내 전남 

등지에서 채취한 토양 및 식품유래 미생물 약 900 여종을 대상으로 항균, 

면역조절 물질을 생산하는 균주를 스크리닝 하였다. 수 종의 후보 균주 중 

항균효과를 가지는 CS392 균주의 에틸 아세테이트 추출물이 LPS 

(lipopolysaccharide)로 자극한 면역세포에서 nitric oxide 생성 억제효과를 

가지며, 항산화 효과가 있음을 확인하였다.   

선별한 CS392 균주는 유전학적, 배양학적, 생화학적 분석을 통하여 

신규한 균주임을 확인하고 Streptomyces sp. CS392 라 명명하였다. 이 균주의 

최적 배양조건은 탄소원으로써 glucose(1% w/v), 질소원으로써 peptone(1% 
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w/v), magnesium chloride(0.01% w/v), pH 7.0, 28℃ 였다. 최적배지에서 배양 후  

얻은 발효액은 유기용매로 추출 후 silica gel, RP-18 silica gel column 을 

수행하여 3 종의 물질을 정제하여 구조분석을 수행하였다. 구조분석 결과 

주 물질은 manumycin group metabolite 인 manumycin 이었다. C1, C2 는 

구조분석 중에 있다.  

Manumycin 과 C1, C2 의 약리효과를 조사하였다. 세가지 물질은 그람 

양성세균, 메티실린 내성 황색포도상 구균, 반코마이신 내성 장구균에 

유효함을 확인하였다. 세가지 물질은 nitric oxide 소거능력과 환원력을 보여 

항 산화능도 일부 가지고 있음을 확인하였다. Manumycin 및 C1, C2 는 90℃, 

4 시간까지 처리시 활성이 거의 감소하지 않아 열에 안정함을 보였으며, 

121℃, 15pound, 15 분 처리시 약간의 활성이 감소하였다. 또한 CS392 균주 

배양액은 pH 3 에서 9 까지 안정함을 보였다.  

Murine macrophage 인 Raw 264.7 cell 을 LPS (lipopolysaccharide)로 자극하여 

nitric oxide 와 pro-inflammatory cytokine 생성을 유도하였을 때 세가지 물질은 

모두 nitric oxide 와 pro-inflammatory cytokine 생성을 1-20 μg/ml 농도 

범위에서 유의하게 억제함을 확인하였다. Stimuli 와 약물을 처리한 

세포에서 얻은 단백질은 웨스턴 블럿을 수행하여 iNOS 단백질 발현이 

억제됨을 확인하였다. 또한 NF-kB 의 핵 내로의 이동을 저해함을 확인하여 

결과적으로 nitric oxide 나 염증성 cytokine 의 생성 억제는 NF-kB 와 연관이 

있음을 확인하였다.  
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Manumycin 과 C1 은 SNP(sodium nitroprusside)가 방출한 nitric oxide 를 

제거하였으며, iNOS 발현 억제를 통해 nitric oxide 생성을 억제하여 dual 

effector 로써 NO 생성 반응을 억제하여 면역세포에서 염증 반응을 

효율적으로 감소시킬 것으로 생각되었다.  

Manumycin group metabolite 들이 in vivo 에서 효과가 있는지 확인하기 

위해 mouse ear edema model 과 DSS (Dextran sodium sulfate) colitis model 에서 

항염증 효과를 조사하였다. 마우스 귀부종은 phorbol ester 인 TPA 를 

이용하여 염증을 유도하였으며, 세가지 물질은 같은 양(50 μg/ear)을 단회 

도포시 manumycin>C1>C2 의 순으로 염증 억제 효과를 보였다. 대조구 및 

약물 처리군의 마우스 귀 조직의 iNOS 단백질의 발현 양상을 확인한 결과 

약물 처리군은 양성, 음성 대조군과 비교시 유의한 발현억제 양상을 

보였다. 

 DSS (Dextran sodium sulfate)로 유도된 장염모델은 IBU(intestinal bowel 

disease)의 대표적인 동물 모델이다. ICR mouse 에 DSS (Dextran sodium 

sulfate)를 자유 급여하며, 복강 내 투여로 약물을 1 일 1 회 1 주일간 

투여하며 마우스를 관찰하며 DAI (Disease activity index)와 체중변화를 

측정하였으며, 7 일째에 colon 을 적출하여 colon 의 조직학적 변화를 

관찰하고, colon 길이 및 colon 조직에서 pro-inflammatory cytokine, TNF-α 

생성량을 측정하였다. 세 물질 중 C2, manumycin 이 DSS 에 의해 증가된 

염증조직을 완화시켰고, DAI 를 유의하게 감소시켰으며, DSS 에 의해 
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짧아지는 colon length 의 길이도 1-10 mg/kg 에서 농도에 의존하여 

정상 colon 과 유사하게 회복시켰으며, colon tissue 에 증가되었던 pro-

inflammatory cytokine, TNF-α 도 감소시켰다. 또한 iNOS 단백질의 발현도 

유의적으로 감소하였다.  

본 연구를 통해 manumycin group metabolite 가 항생제 내성 세균에 

광범위한 항균 효과를 가지며, 항 산화효과로써 환원력, NO 소거능을 

가지는 것을 확인하였다. 또한 in vitro macrophage cell 에서 manumycin 과 

유도체들의 iNOS 발현억제, NF-kB translocation 억제 및 pro inflammatory 

cytokine 생성 억제 효과와 급성 귀 부종, 장염을 유발시킨 in vivo 염증 

모델에서 항 염증 효과를 가져 in vitro, in vivo 모델에 모두 효과적임을 

설명하였다. 향후 이들의 작용기전을 보다 더 자세하게 연구하면, 

manumycin group metabolite 의 소염작용과 그 구조와의 상관성을 이해할 수 

있고, 과량의 nitric oxide 및 pro-inflammatory cytokine 의 생성과 관련한 

면역질환의 이해와 치료에 도움을 줄 것이라 사료된다.  
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ABSTRACT 

 

Isolation, physico-chemical characterization and biological 

evaluation of compounds showing anti-microbial and 

immunomodulatory activities derived from Streptomyces sp. 

CS392 

 

By Seung Sik Cho 

Advisor:  Prof. Jin Cheol Yoo, Ph.D. 

Department of Pharmacy,  

Graduate School of Chosun University 

 

With the goal of searching potent immonomodulatory substance with 

antimicrobial activity against various resistant pathogens, such as methicillin resistant 

Staphylococcus aureus (MRSA), strain CS392 was screened from several hundreds of 

actinomycetes strains preserved in our laboratory. Ethylacetate extract of fermentation 

broth of CS392 strain showed antimicrobial activity and suppressed the nitric oxide 

production in LPS (lipopolysaccharide) stimulated macrophage cells. Additionally 

ethylacetate extract showed anti-oxidative activities such as nitric oxide scavenging 

and reducing activity. Therefore we selected this strain for the detailed study. 

Based on the morphological and biochemical characteristic, CS392 was found 
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related to the genus Streptomyces. Further, the 16S rRNA sequence analysis revealed 

that the strain was closely related to Streptomyces lanatus with 98.22% homology; 

therefore the strain was classified as Streptomyces sp. CS392. 

 The strain was cultivated at 28ºC and 180 rpm for 3 days and the paper disc 

assay technique was employed to determine the anti-MRSA effect. Antimicrobial 

compounds production from the strain was optimized by using several nutritional 

parameters. Glucose, peptone and MgCl2 were found the best carbon, nitrogen and 

mineral source, respectively for the production of the compounds. After cultivation of 

CS392 strain under optimized condition for 2 days, fermentation broth was harvested, 

the antimicrobial compounds were extracted using ethyl acetate (1:1 v/v), and then 

purified using column chromatography. These compounds were finally purified and 

identified with reverse-phase HPLC with 60% acetonitrile (0.01% formic acid) linear 

gradient. Eventually, three different antimicrobial compounds (C1, C2 and C3) were 

achieved from the strain. Based on NMR, IR, MASS analysis, those compounds were 

identified as manumycin (C3) and its derivatives (C1 and C2, manumycin group 

metabolites).  

Antimicrobial activity of these compounds against different pathogenic strains 

was assessed using the minimum inhibitory concentrations (MICs). It was found to be 

active against eight different strains, including MRSA 693E , MRSA (2-32), MRSA 

(4-5), MRSA (4-21), Enterococcus faecalis ( ATCC 29212), VRE 82, VRE 89, VRE 

98, Bacillus subtilis  (ATCC 1928), Staphylococcus aureus (KCTC 1928) and 

Mycobacterium smegmatis (ATCC 9341). Antimicrobial activity of these compounds 
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were stable in desirable pharmaceutical processing conditions such as heat (up to 

90 ℃/ 4 hr, 121℃ /15 pound, 15 min), freezing (-20℃) and pH treatment (pH 3 to 9). 

To evaluate the chemical stability of compounds, a study was designed to assess the in 

vitro endurance and effects of media and storage conditions.  

These compounds were found to inhibit the production of tumor necrosis 

factor-a (TNF-α), interleukin-1 β (IL-1β) and interleukin-6 (IL-6). Manumycin 

derivatives (C1 and C2) dose dependently inhibited NO production and inducible NO 

synthase (iNOS) expression in Raw 264.7 macrophages activated with LPS. Besides, 

C1 and manumycin showed nitric oxide-scavenging effect concentration-dependently. 

To investigate the signaling pathway for NO inhibition by these compounds, we 

examined nuclear factor-κB (NF-κB) activation in Raw 264.7 cells. We found that 

manumycin derivatives inhibited the synthesis of pro-inflammatory cytokines and 

suppressed LPS-induced NF-κB activation in Raw 264.7 cells. These compounds, 

hence, deserved to be developed as promising anti-inflammatory drugs after further 

preclinical and pharmaceutical studies. Furthermore, these compounds were examined 

for their antioxidative activities with 2,2-diphenyl-1-pikryl hydrazyl (DPPH) radical 

scavenging assay, total phenolic content, Superoxide dismutase-like activity, super 

oxide scavenging activity and reducing power. These compounds showed nitric oxide 

scavenging activity but with slight reducing power. Among three, C3 showed the 

strongest activity. 
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Since these compounds inhibited the production of pro-inflammatory cytokines, 

NO production, and iNOS expression in Raw 264.7 macrophages upon in vitro 

experiments, it was felt necessary to investigate in vitro and in vivo relationship. 

Firstly, these compounds were assayed for topical anti inflammatory activity by 

TPA(12-O-tetradecanoylphorbol-13-acetate)-induced ear edema model in ICR mice. 

The anti inflammatory activities (% inhibition) in the TPA-induced ear edema test 

shown by C1, C2 and C3 were 22.1%, 16.7% and 29.2%, respectively. These 

compounds thus showed slight inhibition in edema formation without any side effects. 

Using each ear punch biopsies, protein samples were taken from ear whole cell lysate 

and further effect of these compounds on iNOS expression was investigated by 

western blot analysis. Three compounds were found to inhibit TPA-induced 

expression of iNOS.  

In conclusion, these compounds have topical anti inflammatory activity 

mediated via inhibition of iNOS expression. These findings thus to gives a clear 

reason for the use of these compounds in the treatment of inflammation. 

 Secondly, we investigated protective effect of these compounds on a mice 

model of colitis. Colitis was induced in ICR mice by administration of dextran sulfate 

sodium (DSS) (3%, w/v) in drinking water. DSS colitis model was well characterized 

morphologically and biochemically. DSS produced decrease in colon length 

accompanied by mucosal edema and bloody stool. To assess the dose effect on DSS-
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induced colitis, 1, 3 and 10 mg/kg/day of compounds were administered by 

intraperitoneal injection. Besides measuring colon length, we have estimated disease 

activity index (DAI) for a week, taking into account of body weight, stool consistency 

and gross bleeding. Pro-inflammatory mediators such as tumor necrosis factor-α 

(TNF-α), interleukin-1β (IL-1 β), and interleukin-6 (IL-6), were determined using 

immunoassays. Among three compounds, manumycin and C2 notably prevented 

shortening of colon length and reduced DSS-induced DAI scores including decrease 

in weight loss, diarrhea and gross bleeding. Manumycin found to suppress iNOS 

expression and abnormal secretions of pro-inflammatory cytokines, such as TNF-α, 

interleukin-1β and IL-6.  

In conclusion, three immunomodulatory compounds with strong antimicrobial 

activity were purified from a new Streptomyces strain isolated from Korean soil. One 

of the purified compounds was identified as manumycin and two others were as its 

derivatives. The results drawn from this study provide a scientific basis for the 

application of these compounds as antimicrobial anti-inflammatory agent. Further 

studies should/will be undertaken to explain the mechanism of action and roles of 

immune response by which these compounds exert their biological activity.  
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Ⅰ. Introduction 

 

A. Production, isolation and purification of biologically active 

compounds from Streptomyces strains 

 

Actinomycetes are important producers of antibiotics and other medicinal sources useful 

secondary metabolites such as antibiotics, antitumor agents and anti-inflammatory agents (1-5). 

Streptomycetes the Gram positive filamentous bacteria constituting a significant component of the 

microbial population in most soils. Streptomycetes can produce antibiotics typically. These bacteria 

produce about 75% of commercially and medically useful antibiotics and approximately 60% of 

antibiotics which have been developed for agriculture use (6-8). Streptomyces produce various 

types of antibiotics such as aminoglycosides, anthracyclins, glycopeptides, beta-lactams, 

macrolides, nucleosides, peptides, polyenes, polyethers and tetracyclines (Figure. 1) (9). 
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Figure 1. Classification of Antibiotic 

 

The widespread use of antibiotics of medicine is playing a significant role in the emergence 

of resistant bacteria (10). They are often used in human, animals and in other industries which at 

least in the case of agricultural use lead to the spread of resistant strains to human populations. In 

human medicine the major problem of the emergence of resistant bacteria is due to misuse and 

overuse of antibiotics (11-12). Also unsound practices in the pharmaceutical manufacturing 

industry can contribute towards the likelihood of creating antibiotic resistant strains (13). 

Staphylococcus aureus (colloquially known as "Staph aureus" or a Staph infection) is one of the 

major resistant pathogens. Found on the mucous membranes and the human skin of around a third 

of the population, it is extremely adaptable to antibiotic pressure. Methicillin and oxacillin is the 

antibiotic of choice. MRSA (methicillin-resistant Staphylococcus aureus) was first detected in 

Britain in 1961 and is now "quite common" in hospitals. About 50% of S. aureus isolates now show 

resistance to methicillin in areas of the USA and some European countries (14-17). 
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This left vancomycin as the only effective agent available at the time. However, strains with 

intermediate (4-8 ㎍/mL) levels of resistance, termed GISA (glycopeptide intermediate 

Staphylococcus aureus) or VISA (vancomycin intermediate Staphylococcus aureus), began 

appearing in the late 1990s. The first identified case was in Japan in 1996, and strains have since 

been found in hospitals in England, France and the US. The first documented strain with complete 

(>16 ㎍/mL) resistance to vancomycin, termed VRSA (Vancomycin-resistant Staphylococcus 

aureus) appeared in the United States in 2002 (18-24). 

A new class of antibiotics, oxazolidinones, became available in the 1990s, and the first 

commercially available oxazolidinone, linezolid, is comparable to vancomycin in effectiveness 

against MRSA. Recently, Linezolid-resistance in Staphylococcus aureus was reported (Figure 2)(17, 

25). 
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Figure  2. Novel antibiotics. chemical structure of antibiotics that have been approved or are 

currently under development for the treatment of serious MRSA infections. 
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Enterococcus faecium is another infectious strain found in hospitals. Vancomycin-resistant 

enterococcus (26) in 1987, and Linezolid-Resistant Enterococcus (LRE) in the late 1990s. VRE 

(vancomycin-resistant enterococcus) have rapidly disseminated worldwide (27-28). A surveillance 

study conducted in US hospitals from 1995 through to 2002 showed that 9% of nosocomial 

bloodstream infections were caused by enterococci and that 2% of E. faecalis isolates and 60% of E. 

faecium isolates were vancomycin-resistant(Figure. 3)(29). 

 

 

 

Figure 3. Comparison of antimicrobial resistance rates of antibiotic resistant bacteria. Rates 

of antimicrobial resistance rates over time (3-year rolling average) among gram-positive isolates 

(methicillin-resistant Staphylococcus aureus [MRSA], methicillin-resistant coagulase-negative 

staphylococci (MRCoNS), vancomycin-resistant Enterococcus faecium (26), ampicillin-resistant 

Escherichia coli [E. coli], and ceftazidime-resistant Pseudomonas aeruginosa [PSAE]) recovered 

in a series of 24,179 cases of nosocomial bloodstream infection. 
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So, Need for the development of new and effective antibiotics is a porioty. We focused on 

natural organic compounds produced by Actinomycetes. And our aim was to find a compound 

having anti-MRSA, anti-VRSA or anti-VRE activities. 

In this study, we report the new Sterptomyces strain named Streptomyces sp. CS392 from Korean 

soil. Isolate was identified as a new streptomyces from its 16s rRNA sequences analysis. We 

purified manumycin derivatives and analysed the structure of these compounds.  

 

The manumycin-group is a small and discrete class of metabolites that to date combines 23 

secondary metabolites all of which are of microbial origin. In 1963, the first member of the 

manumycin-group metabolites, manumycin A 1, was discovered by an antibacterial screening from 

a Streptomyces strain (30.)  Since Zähner and co-workers discovered manumycin, 10 years after, 

Schröder and Zeeck established the novel structural type of manumycin A (31).   

In 1979, asukamycin was found. This was the second compound of manumycin metabolites 

purified from culture broth of Streptomyces strain. This was shortly followed by the discovery of 

the antibiotics U-62162 and U-56,407 (Figure 4). 

The discovery of new manumycins received a boost in the late 1980s with 11 new metabolites 

reported up till 1995. Particulary fruitful for the growth of this class of compounds was 1996 in 

which 10 new manumycin-group metabolites were discovered (32). 
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Figure 4. Structure of manumycin group metabolites 

1. Manumycin A, 2. Manumycin E , 3. Manumycin F, 4. Alisamycin,  5. U-5640, 6. Asukamycin, 

7.Colabomycin A  8. U-62162,  9. Ansatrienin A, 10. Aranorosin,  11. Reductinomycin,  

12. Bafilomycin B1  
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A remarkable interest in manumycins is sparked by the discovery of novel biological 

activities and is indicated by the commercialization of manumycin A 1 for research purposes (32). 

All manumycin-group metabolites are produced by microorganisms which have been isolated from 

soil samples collected worldwide and are all taxonomically characterized as Streptomycetes.(i.e 

Streptomyces nodosus ssp. Asukaensis Streptomyces parvulus (strain Tu 64): manumycin producer, 

Streptomyces actuosus: alisamycin producer, Streptomyces AM-1042: asukamycin producer, 

Streptomyces griseoflavus : colabomycin producer. etc)  

In general, manumycin-group metabolites were found by biological screening based on 

antibacterial activity, antitumor activity, inhibition of farnesyltransferase or inhibition of 

interleukin-1ß converting enzyme (Table 1) (33). 

In an effort to isolate antibacterial compounds effective against resistant pathogens 

particularly against MRSA, VRE and VRSA from microbial sources, we have focused on 

Actinomycetes. In this study, a new such strain termed as CS392 in our collection, was selected 

from hundreds of strains preserved in our laboratory. We purified three manumycin group 

metabolites from strain CS392 and evaluated their efficacy including various characteristics.  
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Table 1 Producing organisms and the screening programs leading to manumycins (32) 

Compound 
Producing 

organism 
Screening program Ref 

Manumycin A , B , C , D 
Streptomyces parvulus 

(Tü 64) 

Antibacterial screening, 

chemical screening 
(30) 

Manumycin A (=UCF1-C) , B(=UCF1-A), C 

(=UCF1-B) 

Streptomyces sp. 

(UOF1) 

Inhibitor screening with 

farnesyltransferase 
(34) 

Manumycin E , F, G 
Streptomyces sp. 

(WB-8376) 
Antibacterial screening (35) 

Asukamycin 

Streptomyces nodosus 

subsp. asukaensis 

(AM-1042) 

Antibacterial screening (36) 

Colabomycin A , D 

Streptomyces 

griseoflavus 

(Tü 2880) 

Chemical screening (37) 

U-62162 

Streptomyces verdensis 

(Dietz, sp. n.; UC-

8157) 

Antibacterial screening (38) 

U-56,407 

Streptomyces 

hagronensis 

(360; UC 5875) 

Antibacterial screening (39) 

Alisamycin 
Streptomyces sp. 

(HIL Y-88,31582) 
Antibacterial screening (40) 

Nisamycin (=antibiotic 106-B)  and alisamycin 
Streptomyces sp. 

(K106) 
Antibacterial screening (41-43) 

El-1511-3 , -5 , manumycin G ,ent-alisamycin , U-

56,407 

Streptomyces sp. 

 (E-1511) 

interleukin-1bßconverting 

enzyme Inhibitor 
(44) 

El-1625-2 , manumycin B , C 
Streptomyces sp. 

 (E-1625) 

interleukin-1bßconverting 

enzyme Inhibitor 
(44) 

TMC-1A , B , C , D , manumycin D(=TMC-1E) , A 

(=TMC-1F) , G (=TMC-1G) 

Streptomyces sp. (A-

230) 
Antitumor screening (45) 

Compound 1 Streptomyces parvullus Antibacterial screening (46) 
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B. Biological activities of active compounds 

 

Antioxidant actions of bioactive components 

 

The interest in natural antioxidants has increased considerably in recent years because many 

antioxidants exhibit beneficial biological effects, including antibacterial, antiviral, anti-allergic, 

antithrombotic and because they are linked to lower incidence of cardiovascular disease and certain 

types of cancer disease (47). 

Free radicals, especially those of reactive oxygen species are normal products of phagocytic 

activity and cellular respiration. However, they may also appear under less controlled 

circumstances and cause reversible or irreversible damage to bio molecules.        

Indeed, oxidative damage to lipids, proteins, DNA and other macromolecules has been 

postulated to be a major type of endogenous damage that is potentially dangerous for the cell. 

(Figure. 5) (48) This damage may contribute to aging and to degenerative diseases of aging such as 

brain dysfunction, immune system decline, cataracts, cancers and cardiovascular diseases (48-50). 
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Figure 5. Oxidative damage from Free radicals on healthy cells 

 

Increased free radical production (51-52) or reduced antioxidant defense responses (53) may 

increase oxidative stress. (54) These processes can induce oxidative damage (55) to membrane 

lipids, DNA molecules, and proteins. Researchers have screened free radical scavengers (56-57) 

from microorganisms that may act as therapeutic agents (58-59) for myocardial and cerebral 

ischemia, atherosclerosis, and inflammation. The purple supernatant (60) of Streptomyces 

lincolnensis M-20 (M-20), a lincomycin producer, showed both antioxidant and antitumor activity 

(61) against the human breast cancer cell line, MCF-7. Breast cancer (62-63) is the most common 

malignancy in women. The estrogen receptor–positive MCF-7 cell line was derived from a patient 

with metastatic breast chemotherapy; breast cancer cells can subsequently survive and gain 
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resistance to the treatment, leading to metastasis and drug resistance (64). Researchers tested the 

effect of purified M-20, or protocatechualdehyde (PA), on cultured MCF-7 cells (61). PA (65-66) is 

a phenolic compound present in many herbs. 

The phenolic compounds commonly found in many plants are involved in many biological 

activities, including the chelation of metals, scavenging active oxygen species, and antioxidant 

activity.  Phenolic compound are generally either in the free form or bound form. Most research 

has determined free soluble phenols by using aqueous methanol, ethanol, and acetone, either 

separately or mixed together (67). 

It is well known that free radicals such as active oxygen species are involved in the pathogenesis of 

various diseases such as myocardial and cerebral ischemia, atherosclerosis, diabetes, rheumatoid 

arthritis, cancer-initiation and the aging process (68-70). These diseases have been reported to be 

ameliorated by free radical scavengers and thus many antioxidants of microbial origin have been 

searched (71-73). For free radical scavengers having the potential as protective agents against these 

diseases, some have investigated the metabolites of basidiomycetes and ascomycetes (74-76). 

Oxidation is essential to many living organisms for the production of energy to fuel 

biological processes. However, oxidative metabolism continuously produces oxygen-centered free 

radicals and other reactive oxygen species in vivo, resulting in cell death and tissue damage. 

Oxidative damage caused by free radicals may be related to aging and diseases such as 

atherosclerosis, diabetes, cancer, and cirrhosis (77-78). Although almost all organisms possess 

antioxidant defense and repair systems that have evolved to protect them against oxidative damage, 

these systems are insufficient to prevent the damage entirely (79). These protective effects have 

been attributed, in part, to the various antioxidant compounds present in fruits and vegetables, for 

example, vitamin C and E, flavonoids, Maillard reaction products, amino acids, proteins, and beta 

carotene (80). Currently, synthetic antioxidants such as butylated hydroxyanisole (81), butylated 
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hydroxytoluene (BHT), and tertbutylhydroquinone (TBHQ) are widely used in the food industry. In 

general antioxidants can be classified into two groups based on their origin. The first group 

includes synthetic antioxidants such as tert-butylhydroxytoluene, tert-butylhydroxyquinone, and 

propylgallate (82). The second group includes vitamins and their derivatives such as ascorbic acid 

(83), α-tocopherol (84), and flavonoid (85). In addition, various products, such as carazostatin (86-

87) thiazostatin (87), and benzastatin (88) that are produced by microorganisms, have been 

discovered. (Figure. 5) However, the use of synthetic antioxidants is being restricted because of 

their carcinogenicity and toxicity to the liver. The development and utilization of more effective 

antioxidants of natural origins are desired (89). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



   -14- 

 

 

 

 

 

Figure 6.  Molecular structure of some key antioxidants. BHA (butylated 

hydroxyanisole), BHT(butylated hydroxytoluene), and TBHQ 

(tertbutylhydroquinone) 
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Anti-inflammatory substances and its mechanisms of action 

 

Macrophages and nitric oxide is closely related to inflammation and immune system. Upon 

inflammatory stimulation, macrophages produce and release a number of inflammatory mediators, 

such as nitric oxide (NO) and pro-inflammatory cytokines such as interleukin (IL)-6, interleukin 

(IL)-1ß and Tumor necrosis factor α(TNF-α). These pro-inflammatory cytokines mediate the 

development of various inflammatory diseases including rheumatoid arthritis, atherosclerosis, and 

hepatitis (90-94).  

NO is a short-lived free radical and a very small compound that diffuses freely within cells 

from its site of formation to its site of action. The biosynthesis of NO in the organism is carried out 

from L-arginine and molecular oxygen utilizing NADPH as an electron donor and using heme, 

FMN, FAD and tetrahydrobiopterin (H4B) as cofactors through a reaction that consumes five 

electrons. The production of NO in the body is catalysed by a family of enzymes called nitric oxide 

synthases (95) (130–160 kDa). Three distinct isoforms of NOS have been isolated and cloned: 

eNOS (endothelial NOS, NOS I), iNOS (inducible NOS, NOS II) and nNOS (neuronal NOS, NOS 

III). inducible NOS (iNOS), is not present in resting cells but can be induced by 

immunostimulatory cytokines, bacterial products or infection in a number of cells, including 

endothelium, hepatocytes, monocytes, mast cells, macrophages and smooth muscle cells. It 

generates NO independently of intracellular calcium concentrations (96-98). 

The regulation of NO synthesis by iNOS differs according to the strain and species of animals and 

depends on the inducers. Bovine and murine macrophages generate considerable amounts of iNOS 

in response to cytokine stimulation, but human and pig macrophages are resistant (99). Recent 

developments are reviewed and show that NO biosynthesis is regulated by a variety of mechanisms 

at the transcriptional and posttranslational levels in activated macrophages and other cells (100-
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109). 

Transcription factors like NF-kB (nuclear factor kappaB) mediate the expression of iNOS in 

immune and inflammatory responses (110). Lipopolysaccharide (LPS) is a major constituent of the 

outer membrane of Gram-negative bacteria and is recognized as a key molecule in the pathogenesis 

of Gram-negative sepsis and septic shock. LPS down-regulates the DNA binding activity of the 

inducible transcription factors NF-kB (111). So, NO, iNOS, pro inflammatory cytokines and NF-

kB are attractive therapeutic targets for inflammation related disease. 

While searching for biologically active compounds, we have found antimicrobial substances. 

These compounds exhibited antimicrobial, anti-inflammatory and anti-oxidative activities.  

In this study, we examined the effect of three compounds on LPS-induced nitric oxide and 

several pro inflammatory cytokines production, expression of iNOS protein and NF-kB activity in 

Raw 264.7 macrophages. We investigated the topical anti-inflammatory effect of manumycin and 

its derivatives on mouse model of acute inflammation, using 12-O-tetradecanoylphorbol-13-acetate 

(TPA). And we investigated the anti-inflammatory effect of manumycin derivatives on 

experimental colitis and its underlying mechanisms.  
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Ⅱ. Material and Methods 

 

A. Chemicals and reagents 

 

All the solvent used in this experiment were extra pure grade. Hexane, ethyl acetate was 

purchased from J. T. Baker (Phillipsburg, NJ, USA). Silicagel for Thin layer chromatography, 

precoated silica gel plate (Kieselgel 60F254, Merck, NJ, USA) was used to separate manumycin 

and its derivatives. silcagel for silicagel column, Kieselgel 60 (70-230 mesh, Merck, NJ, USA) was 

used. 

DMEM medium (Dulbecco/Vogt modified Eagle's minimal essential medium), penicillin, 

streptomycin and FBS(fatal bovine serum) were purchased from Invitrogen (Grand Island, NY, 

USA). TPA (12-O-tetradecanoylphorbol-13-acetate), arachidonic acid, LPS (Lipopolysaccharide), 

dimethyl sulfoxide (DMSO), Griess reagent and MTT (3-(4,5-dimethylthiazol-2-2,5-

diphenyltetrazolium bromide ) were purchased from Sigma. Mouse TNF-α ELISA kit and mouse 

IL-6 ELISA kit were purchased from BD Biosciences (San Diego, CA, USA). Rabbit anti-mouse 

iNOS polyclonal antibody was purchased from Santa cruz Biotech Inc (Santa Cruz, CA, USA). 

HRP-conugated donkey anti-rabbit Ig-G was purchased from Cell signaling. Alkaline phosphatase 

conjugated affinipure Donkey Anti mouse IgG was purchased from Jackson Immunoresearch 

Laboratories INC. 
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B. Microorganism and cells 

 

Microorganism 

Streptomyces sp. CS392 strain was used throughout this study. Streptomyces sp. CS392 was 

inoculated in 50 mL of the medium in a 250 mL round flask. The medium composition was glucose 

1%, beef extract 0.4%, peptone 0.4%, yeast extract 0.1% and NaCl 0.25 % ( w/v).  

Fermentation was carried out at 28 °C for 5 days on a shaking machine in 400 mL of the 

medium in a 2 L flask. The medium composition was glucose 1%, peptone 1% and antifoam 0.1 % 

(w/v). Scale up fermentation was carried out in 4 L of the same medium in a 7 L fermentor 

inoculated with 240 mL of seed culture at 30 °C, at 180 rpm for 3 days. Antimicrobial activity was 

assayed by paper disc agar diffusion method using MRSA 693E as a test organism. 

 

Cell culture 

 

The murine macrophage cell line RAW264.7 was cultured at 37 °C under 5% CO2 in 

Dulbecco's modified Eagle's medium (DMEM) containing 10% fetal bovine serum (FBS). The 

medium was routinely changed every three days. Raw 264.7 cells were passaged by trypsinization 

until they attained confluence. 

 

C. Animals 

 

Male ICR mice (5 weeks old, approximately 25 g) were purchased from the Orient Bio Inc 

(Seongnam, Gyeonggi,Korea). They were housed in acryl fiber cages at 22±3 °C, humidity 
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50±10 % and were kept on a 12 h light/dark cycle. They were fed with standard diet and water ad 

libitum and at least 7 days before they were used. 

 

D. Isolation and production of biologically active compounds from 

Streptomyces sp. CS392 

 

1. In vitro screening and isolation 

 

Soil samples were collected from various locations in chonnam province. Several diverse 

habitats in different areas were selected for the isolation of Streptomyces strains. The samples were 

taken from up to 20 cm depth. The soil sample was incubated at 60 °C for 1-2 h. It was then 

suspended in distilled water. Test tubes containing a 10~104 dilution of samples were inoculated on 

the surface of Actinomycete Isolation agar (OSYM medium, Oat 1%, Soy 1%, Yeast 1%, Mannitol 

1%) plates. The plates were incubated at 28 °C until the sporulation of Streptomyces colonies 

occurred. Streptomyces colonies were then picked up and transferred to OSYM agar. Pure cultures 

were obtained from selected colonies for repeated sub-culturing. After antimicrobial activity 

screening, the isolated Streptomyces strains were maintained as suspensions of spores and mycelial 

fragments in 20% glycerol (v/v) at -20 °C. 

 

2. Screening for antimicrobial activity 

 

In vitro, antimicrobial activity was primarily determined by the paper disk method using 
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paper disk (8mm, Toyo) against MRSA and the activity was determined by the diameter of clear 

zone. 

MIC (minimal inhibitory concentration) value was determined by agar dilution method using 

Mueller Hinton Broth for bacteria. Observation was made after 18 h for bacteria 37 °C following 

inoculation of test organisms. 

 

 

3. Taxonomic studies of actinomycetes 

 

The cultural characteristics were studied in accordance with the guidelines established by the 

International Streptomyces Project (112). Strain was cultivated on an ISP 2 medium to determine 

the morphology. The color of the aerial mass, the substrate mycelium and the soluble pigment was 

determined using the Kornerup and Wanscher color scale (113). Melanin production was detected 

by growing the isolates on peptone-Yeast Extract ion agar (ISP 6). Utilization of different carbon 

and nitrogen sources were performed (114-115). Lecithinase was conducted on egg–yolk medium. 

Gelatinase activity, starch hydrolysis were determined by the method of Dye.(116) Also, lipases, 

Protease, α-amylase, chitinase and xylanase activity were monitored using standard methods (117-

119). 

 

4. Amplification and sequencing of the 16S rRNA Gene 

 

PCR amplification of the 16S rRNA gene of the local actinomycete strain was conducted 

using two primers, StrepF; 5.-ACGTGTGCAGCCCAAGACA-3. and Strep R;5-
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ACAAGCCCTGGAAACGG GGT-3 (120). The PCR mixture consisted of 30 pmol of each primer, 

100 ng of chromosomal DNA, 200 μM dNTPs and 2.5 units of Taq polymerase, in 50 μL of 

polymerase buffer. Amplification was conducted for 30 cycles of 1 min at 94 °C, 1 min of 

annealing at 53 °C and 2 min of extension at 72 °C. The PCR reaction mixture was then analyzed 

via agarose gel electrophoresis and the remaining mixture was purified using QIA quick PCR 

purification reagents (Qiagen,USA). The 16S rRNA gene was sequenced on both strands via the 

dideoxy chain termination method. The 16S rRNA gene (1.5 kb) sequence of the PCR product was 

acquired using a Terminator Cycle Sequencing kit (ABI Prism 310 Genetic Analyzer, Applied 

Biosystems, USA). 

 

5. Sequence similarities and phylogenetic analysis 

 

The BLAST program (www.ncbi.nlm.nih.gov/blst) was employed in order to assess the 

degree of DNA similarity. Multiple sequence alignment and molecular phylogeny were evaluated 

using BioEdit software (29). The phylogenetic tree was displayed using the TREE VIEW program. 

 

6. Optimization of fermentation process 

 

Antimicrobial compounds production of the strain was optimized by using several cultural 

parameters such as carbon, nitrogen sources and minerals. 

 

a. Carbon and nitrogen sources 
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To study the influence of carbon sources on cell growth and production of antimicrobial 

compounds, the production medium was supplemented with different carbon sources such as 

fructose, lactose, glucose, maltose, mannitol, sorbitol, starch and sucrose each at a level of 1% 

(w/v) by keeping the nitrogen source constant. Similarly, the influence of nitrogen sources on 

antimicrobial compounds yield was investigated by adding different nitrogen sources such as yeast 

extract, peptone, tryptone, beef extract, oatmeal, soy bean meal, malt extract, ammonium sulphate 

and ammonium chloride each at a concentration of 1% (w/v) to the production medium containing 

an optimum amount of the selected carbon source. 

 

b. Minerals 

 

Influence of minerals on the production of biomass and antimicrobial compounds was 

determined by supplementing various minerals such as magnesium chloride, ferric sulphate, 

calcium chloride, potassium chloride and sodium chloride at the rate of 0.01% (w/v) to the 

production medium 

 

E. Purification and quantitative analysis of compounds 

 

1. Purification of active compounds   

 

Streptomyces sp. CS392 was grown on rotary shaker at 180 rpm in Emerson medium for 2 -3 

days at 28 °C. Culture broth (3L) was centrifuged at 6,000rpm for 20 min. Supernatant was 

extracted with ethyl acetate. The extracted ethyl acetate fraction was evaporated and dried using a 
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rotary evaporator at 50 °C. Purification of antibiotic was carried out by silica gel column 

chromatography (0.8 cm x 15 cm). After washing the column with hexane, hexane-ethyl acetate 

(4:1), active material was eluted from the column with hexane-ethyl acetate (4:1). Active fractions 

were rechromatographed, using a Reverse phase-C18 silica gel column with water-acetonitrile (4: 

6) to give manumycin and its derivatives. 

 

2. Thin layer chromatography 

 

Identification and purification of the manumycin and its derivatives was conducted by thin 

layer chromatography using hexane, ethyl acetate and methanol as a solvent system. Spots were 

detected by spraying with 10% H2SO4 in ethanol and baked at 80-100 °C for 10 min. 

 

3. High-performance liquid chromatography 

 

A reverse phase HPLC system was used for the analysis of manumycin derivatives. The 

liquid chromatography used throughout consisted of a Shimadzu separations module, automatic 

sample injector and a UV detector with peak integration at 280 nm for quantitative analysis. Data 

were analyzed with an integrator (Shimadzu). 

A Capcelpak RP-18 column (250 x 4.6mm, 5 µm, Shisheido) was used for separation. The mobile 

phase was acetonitrile(solution A) and water containing 0.1% formic acid(solution B). The flow 

rate was 1.0 mL/min. and the injection volume was 20 µL. The gradient elution condition is 

summarized in Table 1. After completing the chromatographic elution, the mobile phase was 

programmed to its initial condition within 10 min. And a 15 min. recondition time was set before 
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next injection.  

 

 

Table 2. HPLC gradient  

Time (min) A (%) B (%) 

0 60 40 

10 60 40 

20 100 0 

25 60 40 

 

4. Spectroscopic analysis 

 

Manumycin and its derivatives were subjected to spectroscopic analysis: 300 MHz 1H NMR, 

75 MHz 13C NMR, COSY, TOCSY, HMQC and elemental analysis was determined at the 

Sunmoon University, Korea.  

 

5. Stability of compounds 

 

a. Temperature stability 

 

Serial two-fold dilutions of compounds (0-65 μg/mL) in Mueller–Hinton agar was prepared 

for MIC. Agar plates were pre-incubated at 35 °C in incubator for 0, 24, 48 and 72 h prior to being 

inoculated with test organisms according to reference testing method recommendations of the 
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National Committee for Clinical Laboratory Standards (NCCLS) (121). The thermal stability of the 

compounds was studied by heating the samples at various temperatures for 4 h. The residual 

inhibitory activity was measured as described above (using MRSA 693E as target) 

 

b. pH stability 

Five milliliters of culture filtrates were put in vials and using 0.1 N HCl or 0.1 N NaOH 

adjusted to the pH levels 2 to 10. Compounds were incubated for 3-4 h at room temperature and 

then readjusted to pH 7.0. The activity of these treated antibiotic culture filtrates was determined by 

the sizes of the inhibition zones using the paper disc method described earlier. 
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F. Biological activities of compounds 

 

1. Antimicrobial activity 

 

a. MIC test 

 

The in vitro antimicrobial activities (MIC, µg/mL) of the compounds, which are against 

Gram-positive and Gram-negative bacteria, were determined by the Mueller-Hinton-agar dilution 

method (122-123). The results of MIC test are summarized in Table 6 and it includes those of 

vancomycin and oxacillin for comparison, as well. 

 

2. Antioxidant activity 

 

a. Determination of nitric oxide scavenging activity 

 

The scavenging effect of compounds on nitric oxide was measured according to the method 

of Sreejayan et al (124). Sodium nitroprusside was freshly prepared as a 20 mM stock solution in 

PBS. DMSO or compounds was added to the solution. The compounds were dissolved in DMSO 

and then added at 5 to 20µL so as to obtain the desired concentration in 1 mL of sodium 

nitroprusside-PBS solution. And the samples incubated at room temperature for 2 h. Aliquots of 

samples were quantified for nitrite content at the stated time or time intervals. Then the nitrite 

concentration was determined each hour using the Griess reagent, as mentioned above. 
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b. Reducing power 

 

The reaction mixture contains 200 µL of 200 mM sodium phosphate buffer (pH 6.6), 200 µL 

of 1% potassium ferricyanide, and 200 µL of aliquot of compounds or standard (5 mg/mL). The 

mixture was incubated at 50 °C for 20 minutes. 10% trichloroacetic acid 200 µL was added into the 

reaction mixture and centrifuged at 5000 rpm for 10 minutes. 500 µL of the upper layer was diluted 

with 500 µL of 0.1% ferric chloride. Absorbance was measured at 700 nm (125). 

 

3. Anti-inflammatory activity of active compounds 

 

a. Cell viability 

 

Cells were seeded in a 96 well plate at a density of 0.5 x 104 cell/well. manumycin 

derivatives were added at indicated concentrations. The mitochondrial-dependent reduction of 3-(4, 

5-dimethylthizaol-2yl)-2, 5-diphenyl tetrazolium bromide (MTT) to formazan was used to measure 

cell respiration as an indicator of cell viability (126). Briefly, after 24h incubation with or without 

compounds (1–10 µg/mL), a 0.5 mg/mL of MTT solution was added and the cells were incubated 

for 4h at 37 °C. After removing the supernatant, 100 µL of DMSO was added to the cells to 

dissolve the formazan. Optical density was measured using an assay reader at 590 nm. The optical 

density of formazan formed in control (untreated) cells was taken as 100% of viability. 

 

b. Nitric oxide analysis and quatification of cytokine production 

Raw 264.7 macrophage cells (106 cells/well) were cultured in 6 well plates. After incubation 
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for 24 h, the cells were pre-incubated with various concentrations of compounds for 30min, and 

then stimulated with LPS (1 µg/mL). After 24h, the supernatant was collected and Nitric oxide 

production was determined using the Griess reagent (mixture of equal amount of A and B. A: 1% 

sulphanilamide, B: 0.1% naphthylethylene diamine dihydrochloride in 5 % H3PO4). The 

supernatant (1 mL) was mixed with 1 mL of Griess reagent and incubated for 15 min. Absorbance 

was read at 550 nm with microplate reader (Thermo co.). Amount of nitrite of the supernatant was 

calculated from a sodium nitrite standard curve. Supernatant was analyzed for TNF-α, IL-1ß and 

IL-6 by enzyme linked immunosorbent assay (ELISA) using commercial kits (BD Biosciences) 

according to the manufacturer’s instructions. 

 

c. Western blot analysis 

 

For detection of iNOS expression, Raw 264.7 cells were washed with cold PBS and lysated 

in a cold lysis buffer (Mixture of RIPA buffer and protease inhibitor) for 30 min. Cell was removed 

after centriugation (15,000 rpm 4 °C, 30min). Protein concentration of sample was determined by 

the Bradford method. Each sample was boiled in SDS-PAGE loading buffer. 30 µg of total protein 

from each samples were subjected to gel electrophoresis and electrophoretically transferred onto 

PVDF membranes. The membranes were blocked with 5% non-fat dried milk in Tris buffered 

saline-Tween (TBS-T, 10 mM Tris–HCl, 150 mM NaCl, 0.05% Tween 20, pH7.6) at room 

temperature for 2h. After being washed, the membranes were incubated in respective primary 

antibody solution (anti-iNOS or anti-ß-actin antibodies) for 1h at room temperature. 

The membranes were washed with TBS-T and incubated with HRP (for iNOS antibody) or 

alkaline phosphatase (for anti-ß-actin antibodies) conjugated secondary antibody solution for 1h at 
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room temperature. For detection of iNOS expression, the blots were washed with TBS-T and 

incubated with ECL reagent for 2 min and viewed by chemiluminescence. 

For ß-actin the blots were washed with TBS-T and incubated with AP color development buffer 

containing color reagent (AP Conjugatesubstrate kit, Bio-rad laboratories Inc). Band intensities 

were quantified by Image J program and normalized by comparison to ß-actin. 

For NF-κB, Cytosolic extracts were prepared in hypotonic buffer consisting of 10 mM N-(2-

hydroxyethyl) piperazine-N-2-ethanesulfonic acid (HEPES) (pH 7.6), 10 mM KCl, 2 mM MgCl2, 1 

mM dithiothreitol, 0.1 mM ethylenediaminetetraacetic acid (EDTA), and 0.1 mM 

phenylmethylsulfonyl fluoride (PMSF). Nuclear extracts were prepared in hypertonic buffer 

consisting of 50 mM HEPES (pH 7.9), 400 mM KCl, 0.1 mM EDTA, and 10% glycerol. After 

SDS-PAGE and Transferation to PVDF membrane, Membrane was blocked overnight at 4 °C with 

5% non-fat dried milk in Tris buffered saline-Tween (TBS-T, 10 mM Tris–HCl, 150 mM NaCl, 

0.05% Tween 20, pH7.6) and then incubated with antibodies overnight at 4 °C. The blots were 

washed with TBS-T, followed by 1h of incubation with the HRP-conjugated secondary antibody. 

Blots were washed with TBS-T and incubated with ECL reagent for 2 min and viewed by 

chemiluminescence. 

 

d. Assay of 12-O-tetradecanoylphorbol-13-acetate induced ear edema in mice 

 

TPA induced ear edema was performed according to Chen et al, Young et al and Rao et al 

(127-129) with a slight modification. Samples in acetone (25, 50 μg/ear) were painted on the left 

ear for 10min. And TPA (0.25 mg/mL) and dissolved in acetone were applied to the inner and outer 

surfaces of the ear of mice (10 µL/ear). Before the inducer application. The ear thickness was 



   -30- 

measured with a calibrated digital thickness gauge before and and 5 h after TPA challenge, and the 

difference in thickness was calculated. Prednisolone at 50 μg /ear was used as positive reference 

 

e. Assay of dextran sodium sulfate induced colitis in mice 

 

ICR mice were used to study DSS-induced colitis. This strain is susceptible to DSS assault 

and has been widely used as a mouse colitis model. Acute colitis was induced in ICR mice by 

adding DSS (Sigma-Aldrich, St. Louis.MO) to the drinking water at a level of 3% for a period of 7 

days. Mice were assigned to five different groups: non-colitic (n = 6), DSS colitic groups (n = 6). 

Other 4 groups consisted of mice receiving 3% DSS were administrated 5-ASA (100 mg/kg/day ip, 

n=6) or CS392 (1, 3, 10 mg/kg/day ip, n=6) daily for 7 days according to experimental design. 

 Body weight loss, stool consistency, and blood in the stool were monitored daily to assess the 

severity of colitis score according to the criteria proposed previously (130). Weight loss was 

arbitrarily scored as 1: 1%–5%, 2: 5%–10%, 3: 10%–15%, and 4: 15%–. Blood in the stool was 

scored as 0: negative, 1: +, 2: ++, 3: +++, 4: ++++. Diarrhea was scored as 0: normal, 1 and 2: 

loose stools, 3 and 4: watery diarrhea. The disease activity index was defined as the average score 

for these three parameters. Body weight was monitored daily.  

After 7 days, mice were killed; the colons were separated and gently flushed with saline. Each 

colons length was measured. Mid-colon tissue was frozen in liquid nitrogen. And colons were 

immediately removed and fixed in 10% formaldehyde, paraffin embedded, sectioned, and stained 

with hematoxylin and eosin (HE).  

To investigate the biochemical characteristics, the sample was then homogenized in 500 to 700 µL 

of a lysis buffer containing protease inhibitors. Samples were centrifuged for 30 min at 16,000 rpm, 

and the supernatant was frozen at -80 °C until assay. Cytokine levels were determined using ELISA 
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Kits (BD science). The results were expressed as pg/mg wet tissue. The iNOS Western blot from 

tissue was performed as previously described.  

 

f. Protein extraction from tissue in TPA induced mouse ear edema and DSS induced 

coltis model 

 

For the isolation of protein, the ears of mice derived from TPA-induced acute inflammation 

experiments were excised. Ear samples were homogenized for 5min in 800µL of ice-cold lysis 

buffer (20 mM Tris–HCl (pH 7.5), 150 mM NaCl, 1 mM Na2EDTA, 1 mM EGTA, 1% Triton X-

100, 2.5 mM sodium pyrophosphate, 1 mM β-glycerophosphate, 1 mM Na3VO4 and 1 µg/mL 

leupeptin) containing a protease inhibitor cocktail set (Calbiochem, Germany). The lysate was 

centrifuged at 15,000 rpm, for 30 min at 4 °C. The supernatant was used as total protein extracts. 

The protein concentration was determined by Bradford method. 
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Ⅲ. Results 

 

A. Production, isolation and purification of biologically active 

compounds from Streptomyces strains 

 

1. Identification of the Actinomycetes  

 

For Molecular phylogeny, the 16S rRNA sequence of the local isolate was compared to the 

sequences of 32 Streptomyces spp. In order to determine the relation of the local isolate to these 

Streptomyces strains. The phylogenetic tree (displayed by the Tree View program) showed that the 

locally isolated strain is closely related to Streptomyces lanatus (Figure 7). Multiple sequence 

alignment was done between the sequences of the 16S rRNA genes of S. lanatus, S. lucensis, S. 

bungoensis, S. longisporus, S. flavoviridis and the local isolate. Computer assisted RNA searches 

against bacterial database similarly revealed that the 16S rRNA sequence was 98.22% identical 

with both Streptomyces sp CS392.  And Streptomyces lanatus strain (Figure 8, Table 3). 

 

 

 

 

 



   -33- 

 

 

 

0.01

Streptomyces durhamensis NRRL B-3309T (AY999785)

Streptomyces thioluteus NBRC 13341T (AB184344)

Streptomyces filipinensis NBRC 12860T (AB184198)

Streptomyces echinatus ISP 5013T (AJ399465)
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Streptomyces griseofuscus NBRC 12870T (AB184206)

Streptomyces murinus NBRC 12799T (AB184155)

Streptomyces psammoticus NBRC 13971T (AB184554)

Streptomyces subrutilus NBRC 13388T (AB184372)

Streptomyces galbus DSM 40089T (X79852)

Streptomyces longwoodensis LMG 20096T (AJ781356)
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Figure 7. Phylogenetic tree of the Streptmyces species. Neighbor-joining tree based on nearly 

complete 16S rRNA gene sequences showing relationships between strain CS392 and some closely 

related taxa of the genus Streptomyces. The percentage numbers at the nodes are the levels of 

bootstrap support based on neighbor-joining analyses of 1000 resampled data sets. The sequence of 

Nocardia asteroides DSM 43757T (AF430019) was used as an outgroup. Bar: 0.02 nucleotide 

substitution per position.  
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GACGAACGCTGGCGGCGTGCTTAACACATGCAAGTCGAACGATGAACCACTTCGGTGG

GGATTAGTGGCGAACGGGTGAGTAACACGTGGGCAATCTGCCCTTCACTCTGGGACAA

GCCCTGGAAACGGGGTCTAATACCGGATATGAGCCTGGGAGGCATCTCCTGGGTTGTAA

AGCTCCGGCGGTGAAGGATGAGCCCGCGGCCTATCAGCTTGTTGGTGAGGTAATGGCTC

ACCAAGGCGACGACGGGTAGCCGGCCTGAGAGGGCGACCGGCCACACTGGGACTGAG

ACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGAAAG

CCTGATGCAGCGACGCCGCGTGAGGGATGACGGCCTTCGGGTTGTAAACCTCTTTCAGC

AGGGAAGAAGCGAGAGTGACGGTACCTGCAGAAGAAGCGCCGGCTAACTACGTGCCA

GCAGCCGCGGTAATACGTAGGGCGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGAGCT

CGTAGGCGGCTTGTCACGTCGATTGTGAAAGCCCGAGGCTTAACCTCGGGTCTGCAGTC

GATACGGGCTAGCTAGAGTGTGGTAGGGGAGATCGGAATTCCTGGTGTAGCGGTGAAAT

GCGCAGAT 

Figure 8. 16S rRNA sequence of Streptomyces sp. CS392 The data provided represents the 16S 

rRNA sequence to identify the name of the Streptomyces strain. 
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Table 3. Similarity of 16S rRNA gene sequences (CS392) 

Pairwise 
Rank Name/Title Strain Accession 

Similarity 

Diff/Total 

nt 

1 Streptomyces lanatus NBRC 12787(T) AB184845 98.22 26/1462 

2 Streptomyces lucensis NBRC 13056(T) AB184280 98.19 26/1433 

3 Streptomyces bungoensis NBRC 15711(T) AB184696 98.15 27/1462 

4 Streptomyces longisporus ISP 5166(T) AJ399475 98.12 27/1433 

5 Streptomyces flavoviridis NBRC 12772(T) AB184842 98.08 28/1461 

6 Streptomyces pilosus NBRC 12807(T) AB184161 98.07 28/1453 

7 Streptomyces longwoodensis LMG 20096(T) AJ781356 98.05 28/1438 

8 Streptomyces galbus DSM 40089(T) X79852 97.95 30/1463 

9 Streptomyces capoamus JCM 4734(T) AB045877 97.88 31/1463 

10 Streptomyces psammoticus NBRC 13971(T) AB184554 97.87 31/1452 

11 Streptomyces glomeratus LMG 19903(T) AJ781754 97.81 32/1463 

12 Streptomyces violaceus NBRC 13103(T) AB184315 97.74 33/1463 

13 Streptomyces geysiriensis NBRC 15413(T) AB184661 97.74 33/1462 

14 Streptomyces rameus LMG 20326(T) AJ781379 97.74 33/1462 

15 Streptomyces corchorusii NBRC 13032(T) AB184267 97.74 33/1462 

16 Streptomyces olivaceoviridis NBRC 13066(T) AB184288 97.74 33/1462 

17 Streptomyces filipinensis NBRC 12860(T) AB184198 97.74 33/1460 

18 Streptomyces roseoviolaceus ISP 5277(T) AJ399484 97.72 33/1450 
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2. Optimization of fermentation process 

 

Antimicrobial compounds production of the strain was optimized by using several cultural 

parameters such as carbon, nitrogen sources and metal ions. The effect of carbon, nitrogen sources 

and metal ion was studied. The optimum conditions for the antimicrobial compounds production in 

Streptomyces sp. CS392 are pH 7.0, inoculum 3%, temperature 28 °C among parameters tested. 

Glucose exhibited maximum antibiotic production followed by fructose (Figure 9). Among 

nitrogen sources, peptone affected maximum antimicrobial activity followed by beef extract 

(Figure 10).  A high activity of antibiotic was produced in the presence of 0.01% magnesium 

chloride (Figure 11). The highest yield of antibiotic production was noticed with 1% glucose as a 

carbon source and 1% peptone as a nitrogen source and 0.01% magnesium chloride (Figure 11). 

This composition was maintained in further experiments. The growth pattern of Streptomyces sp. 

CS392 was studied on optimized medium. 

The antibiotic production of Streptomyces sp. CS392 started at 12h and reached to the 

maximum level after 24h of cultivation. There was a steady increase in biomass. And pH value was 

relatively constant at about 7.5. Effect of incubation time on growth and antibiotic production by 

Streptomyces sp. CS392 is shown in (Figure 12). 
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Figure 9. Effect of various carbon sources on the production of active compounds. Production 

medium was supplemented with various carbon sources such as fructose, lactose, glucose, maltose, 

mannitol, sorbitol, starch and sucrose each at a level of 1% (w/v) by keeping the nitrogen source 

constant 
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Figure 10. Effect of various nitrogen sources on the production of active compounds. 

Production medium was supplemented with various nitrogen sources such as yeast extract, peptone, 

tryptone, beef extract, oatmeal, soy bean meal, malt extract, ammonium sulphate and ammonium 

chloride each at a level of 1% (w/v) by keeping the carbon source  
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Figure 11. Effect of various metal-ion sources on the production of active compounds. 

Influence of minerals on the production of biomass and antimicrobial compounds was determined 

by supplementing various minerals such as magnesium chloride, ferric sulphate, calcium chloride, 

potassium chloride and sodium chloride at the rate of 0.01% (w/v) to the production medium 
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Figure 12. Fermentation profiles of Streptomyces sp. CS392.  Strain CS392 was cultivated in 2 

L of a fermentation medium at 28 °C and antimicrobial activity was assayed in a culture broth. 
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3. Fermentation, extraction and purification of compounds 

 

Streptomyces sp. CS392 was grown on rotary shaker at 180 rpm in emerson medium for 2-3 

days at 28 °C  Culture broth (3L) was centrifuged at 6,000 rpm for 20 min. Supernatant was 

extracted two times with ethyl acetate (1:1, v/v). The extracted ethyl acetate fraction was 

evaporated and dried using a rotary evaporator at 50 °C under the reduced pressure. Purification of 

antibiotic was carried out by silica gel column chromatography (0.8 cm x 15 cm). After washing 

the column with hexane, hexane-ethyl acetate (4:1), active material was eluted from the column 

with hexane-ethyl acetate (4:1). Active fractions were rechromatographed, using a reverse phase-

C18 silica gel column with water-acetonitrile (2: 8) to give manumycin and its analogues. Three 

compounds were obtained as a yellow/pale yellow powder. Sample for structure analysis, 

compounds were more purified with silica column chromatography (reverse phase C18) using a 

solvent system composed of acetonitrile and water (6:4, v/v) (Figure 13). And their structures were 

determined by several analysis tools. Figure 14 shows the photograph of a thin layer chromatogram 

with three derivatives. Asukamyicn and its derivatives had Rf values 0.7(C1), 0.5(C2) and 0.3(C3) 

on TLC. And figure 15 shows the HPLC chromatogram of a standard mixture. 
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Figure 13. Purification scheme for biologically active compounds 
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Figure 14. TLC (Thin layer chromatography) chromatogram of active compounds. The 

purified compounds were loaded on a TLC plate of silicagel, as described in materials and methods. 

The numbers noted under the TLC plate indicate the compounds code. RP-TLC (60% ACN) (Lane 

1: C1, Lane 2: C2, Lane 3: C3)  
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Figure 15.  HPLC chromatogram of the active compounds. Separations of three compounds by 

a liquid chromatography in a C18 column (Capcelpak column 250× 4.6mm, 5µm) with gradient of 

mobile phase containing acetonitrile and Water (0.1% formic acid). The retention time of the 

compounds were found to be 15.2, 16.1 and 19.0 min, respectively. Three peaks were well 

separated and eluted within 20 min. 
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4. Physicochemical characteristics of Streptomyces sp. CS392 

 

Streptomyces sp. CS392 grew on general media (Figure 16). The substrate mycelium of strain 

Streptomyces sp. CS392 did not fragment. The aerial mass color was red-grey on ISP 4 medium. 

The substrate mycelium color varied from yellow to brown depending the age of the culture. On 

ISP 6 medium, Streptomyces sp. CS392 produced melanoid pigments. And this strain produced 

yellow-brown diffusible pigment on ISP 4 medium (Table 4). 

Streptomyces sp. CS392 grew poorly in the presence of adonitol, D-melibiose, dextran and 

xylitol as carbon source. As a nitrogen source, L-histidine inhibited cell growth. The strain formed 

rich mycelium on the media D-galactose, Sucrose, Mannitol, L-Ramnose, Raffinose, D-melezitose, 

L-arabinose, D-xylose, D-fructose and D-lactose. It hydrolysed starch. But hydrolysis of CMC, Egg 

yolk, Xylan, Tyrosine, casein, gelatin, chitin and Tween 80 was not observed (Table 5). 
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Figure 16. Colony morphology of Streptomyces sp. CS392 
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Table 4. Cultural characteristics of Streptomyces sp. CS392 

Cultural characteristics were observed after cultivation on each agar plate at 28 °C for 7 days 

ISP 4 agar: Soluble starch 10g, CaCO₃2 g, (NH4)₂SO₄2 g, K2HPO₄1 g, MgSO₄·7H2O 1 g,  

NaCl 1 g,  FeSO₄·7H2O 1 mg, MnCl2·7 H2O 1 mg,  ZnSO4·7 H2O 1 mg, Agar 20 g/ 1L 

Distilled water. ISP 6 agar: peptone 15g, proteose peptone 5g, K2HPO4 1g, Yeast extract 1g, Ferric 

ammonium citrate 0.5g, Na2S2O3 agar 15g/ 1L Distilled water.  

 

 

 

 

 

 

 

 

Characteristics Result 

Spore mass 

(Inorganic salts starch agar medium , ISP 4) 
Red-Grey 

Spore surface (ISP 4) Smooth 

Spore chain (ISP 4) - 

Color of substrate mycelium (ISP 4) Yellow-Brown 

Diffusible pigment (ISP 4) Yellow-Brown 

Melanine production 

(Peptone yeast extract ion agar medium, ISP 6) 
Melanine produced 
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Table 5. The physiological and Biochemical characteristics of the Streptomyces sp.  

CS392 

 Charateristic Result 

D-galactose + 

Sucrose + 

Mannitol + 

L-Ramnose + 

Raffinose + 

D-melezitose + 

Adonitol - 

D-melibiose - 

Dextran - 

Xylitol - 

L-arabinose + 

D-xylose + 

D-fructose + 

D-lactose + 

Sodium acetate + 

Sodium citrate + 

Carbon utilization 

Sodium pyruvate + 

DL-α-amino-n-butyric acid + 

L-valine + 

L-phenylalnine + 

Nitrogen utilization 

L-histidine - 
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Potassium nitrate + 

Starch + 

Tween80 - 

Casein - 

CMC - 

Egg Yolk - 

Xylan - 

Tyrosine - 

gelatin - 

Extracellular enzyme activity 

chitin - 
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5. Spectroscopic characteristics and chemical structure of compounds 

 

The chemical structure of active compound was elucidated based on the spectroscopic data 

obtained from the application of MS, IR, UV, 1H NMR (figure 17), 13C NMR, HMQC (figure 18), 

COSY (figure 19) and TOCSY (figure 20) and found to be identical to the manumycin which is 

known to be produced by Streptomyces parvulus, Streptomyces sp. UOF1, Streptomyces sp. WB-

8376(Figure 4,14, Table 1).  

Structure analysis of C1 and C2 are in progress. Although the antibiotic is known, the newly 

isolated strain was able to produce the antibiotic as a major product. 

After receiving full structural information, which is now in progress, we will study 

antimicrobial effects of these compounds in detail in relation to their affiliated reference 

antimicrobial compounds. Nevertheless, antimicrobial effects of these antibiotics, especially 

against various resistant pathogens, are strong so that they can be considered as potential 

therapeutical candidates after crucial clinical evaluation.   
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Figure 17. 1H NMR spectrum of C3 (900 MHz) 
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Figure 18. HMQC spectrum of C3 
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Figure 19. COSY spectrum of C3 
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Figure 20. TOCSY spectrum of C3 
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B. Biological activities of active compounds 

 

1. Antimicrobial activity of active compounds 

 

a. Antimicrobial spectrum of active compounds 

 

The minimum inhibitory concentrations (MICs) of the purified compounds are shown in 

Table 6. The compounds showed good activities against a number of Gram-positive bacteria (MIC 

ranged from 4 to 32 μg/mL). Especially these compound inhibited growth of VRSA, MRSA and 

VRE. On the other hand, Compounds exhibits no inhibitory activities against gram negative 

bacteria.  
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Table 6. MIC values of the compounds (µg/mL) 

Test Organisms Type C1 C2 manumycin Vancomycin Oxacillin 

Alacligenes faecalis ATCC 1004 G(-) >65 >65 >65 >65 65 

Enterococcus Faecalis ATCC 29212 G(+) 16.25 8.12 4.06 1.01 4.06 

Bacillus subtilis ATCC6633 G(+) 0.5 2.03 0.5 0.5 0.5 

Staphylococcus aureus KCTC 1928 G(+) 4.06 4.06 2.03 0.5 0.5 

Micrococcus luteus ATCC 9341 G(+) 16.25 16.12 8.1 0.5 0.5 

Mycrobacterium smegmatis ATCC 

9341 
G(+) 8.12 4.06 2.03 1.01 16.25 

Salmonella typhimrium KCTC 1925 G(-) >65 >65 >65 >65 >65 

Escherrichia coli KCTC 1923 G(-) >65 >65 >65 >65 >65 

Pseudomonas aeruginosa KCTC 

1637 
G(-) >65 >65 >65 >65 >65 

MRSA 693E G(+) 4.06 4.06 2.03 0.5 16.25 

MRSA 4-5 G(+) 4.06 4.06 2.03 1.01 >65 

MRSA 5-3 G(+) 4.06 4.06 2.03 1.01 >65 

VRE 82 G(+) 16.25 4.06 8.12 >65 65 

VRE 89 G(+) 32.5 32.5 16.5 >65 >65 

VRE 98 G(+) 32.5 16.25 8.12 >65 >65 

VRSA G(+) 4.06 4.06 2.03 >65 32.5 
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b. pH and temperature stability of active compounds 

 

In agar dilution stability test, manumycin derivatives showed declining stability trends. 

manumycin were generally more stable than C1 and C2 (Table 7). MICs generally increased 2 to 8 

fold (C2, manumycin) from baseline MIC over pre-incubation intervals (up to 72 h). Manumycin 

stability was consistently higher than C1 and C2. MIC values of these compounds were markedly 

increased 4 to 8 fold against VRE strains and Micrococcus leteus ATCC9341 within 24 h. Figure 21 

and 22 shows heat and pH stability of the manumycin derivatives. The antimicrobial activity was 

stable at pH 3.0~9.0. The fermentation broth from Streptomyces sp. CS392 was stable up to 90  

for 4 h. But after heating at 121  and pressure of 15 pounds for 15 min, the activity was reduced to 

about 1/2 (Figure 21). The compounds were also stable against freezing. 
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Table 7. Stability of active compounds under pre incubation time 

MIC(μg /mL) 

Pre-incubation time Organism 

Compound 0h 24h 48h 72h 

C1 16 >65 >65 >65 

C2 8 32 >65 >65 Enterococcus faecalis ATCC 29212 
manumycin 4 8 32 >65 

C1 0.5 >65 >65 >65 

C2 2 4 16 65 Bacillus subtilis ATCC6633 
manumycin 0.5 2 8 32 

C1 4 65 >65 >65 

C2 8 16 65 >65 Staphylococcus aureus KCTC 1928 
manumycin 4 8 32 >65 

C1 16 32.5 >65 >65 

C2 16 >65 >65 >65 Micrococcus luteus ATCC 9341 
manumycin 8 32 >65 >65 

C1 8 >65 >65 >65 

C2 4 8 65 65 Mycrobacterium smegmatis ATCC 9341 
manumycin 2 4 16 32 

C1 4 65 >65 >65 

C2 4 8 32 65 MRSA 693E 
manumycin 2 4 16 65 

C1 4 >65 >65 >65 

C2 4 8 32 >65 MRSA 4-5 
manumycin 4 4 16 65 

C1 4 >65 >65 >65 

C2 4 8 32 >65 MRSA 5-3 
manumycin 2 4 16 >65 

C1 16 >65 >65 >65 

C2 4 16 >65 >65 VRE 82 
manumycin 4 8 32 >65 

C1 32 >65 >65 >65 

C2 8 >65 >65 >65 VRE 89 
manumycin 8 32 >65 >65 

C1 32 >65 >65 >65 

C2 8 65 >65 >65 VRE 98 
manumycin 4 32 >65 >65 

C1 4 >65 >65 >65 

C2 4 8 32 32 VRSA 
manumycin 2 4 16 16 

Incubation Temperature: 37℃ 
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Figure 21. Stability of active compounds under various temperatures. The thermal stability of 

the compounds was studied by heating the samples at various temperatures for 4 h. The residual 

inhibitory activity was measured as described in materials and methods. Mean inhibitory diameters 

(cm) stored at different temperature levels.  
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Figure 22. pH Stability of fermentation broth of Streptomyces sp. CS392. Fermentation broth 

was adjusted to pH levels 2 to 10. And the broth was incubated for 3-4 h at room temperature and 

then readjusted to pH 7.0. The activity of these treated antibiotic culture filtrates was determined by 

the sizes of the inhibition zones using the paper disc method described earlier. 
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2. Antioxidant activities 

 

a. Determination of nitric oxide scavenging activity 

 

We studied the effect of manumycin ant its derivatives on chemically generated NO using 

SNP. SNP is an NO donor that spontaneously generates NO in aqueous solution at physiological pH. 

Addition of SNP, in a course of 120 min, resulted in the production of NO in a time-dependent 

manner (Figure 23). However, the addition of C1 and manumycin (2 μg/mL) in methanol reduced 

nitrite production from SNP. For example, at 120 min, 2 μg/mL C1 and manumycin reduced the 

nitrite level by 28% and 19.5%, respectively. And the inhibitory rates of NO production by C2 

throughout the 120 min observation period was small (10.6%). The inhibitory effect was not due to 

cell survival or to extracellular effects, such as direct inhibition or/and scavenging of NO (Figure 

23, 26). It also did not seem to be directly due to inhibit on of iNOS activity. 
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Figure 23. Effect of manumycin and its derivatives on the accumulation of nitrite upon 

decomposition of sodium nitroprusside (20 mM).  

Data are mean±S.D. (n=3). Sodium nitroprusside was freshly prepared in PBS at 20mM. One 

milliliter of SNP was added into each test tube in the absence or presence of various concentrations 

(5–20 µg/mL) of the compounds or its vehicle, then the nitrite concentration was determined each 

hour using the Griess reagent, as mentioned above. 
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b. Reducing power 

 

As illustrated in figure 24, Fe3+ was transformed to Fe2+ in the presence of manumycin and 

derivatives to measure the reductive capability. It was determined that C1 and C2 had similar 

differences in reducing power at concentrations from 0.01 to 1 mg/mL. And manumycin had 

highest activity among these compounds. At 0.25 mg/mL, the optical values of compounds were 

0.328, 0.305 and 0.527. The reducing power of the treatments was in the order of: manumycin > 

C1≒ C2. 
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Figure 24. Reducing power of manumycin and its derivatives purified Streptomyces sp. 

CS392. The reductive abilities of active compounds. The absorbance (700nm) was plotted 

against concentration of sample. All values are mean ± SD of triplicates  
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3. Anti-inflammatory activity of active compounds 

 

a. Cytotoxicity 

 

Raw 264.7 cells were treated with various concentrations of manumycin and its derivatives 

for 24 h and the cell viability was tested by MTT assay as described above. As shown in figure 25, 

compounds did not exhibit cytotoxicity at the range of 1–20 μg/mL against RAW264.7 cells. 

Therefore compounds were used at 20 μg /mL and below for further experiments. 
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Figure  25.  Effect of the active compounds on cell viability. Cell viability was measured after 

24h incubation. Survival rates were tested with MTT assay in Raw 264.7 cells. Raw264.7 cells 

were incubated in the presence or absence of 1-20 µg/mL active compounds for 24 h. Each bar 

shows the mean ± S.D of three independent experiments performed  in triplicate. 
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b. Inhibition of nitric oxide production and iNOS expression in LPS-induced Raw 

264.7 macrophage cells. 

 

Figure 26 illustrates the effect of manumycin derivatives on LPS-induced NO production and 

iNOS expression in Raw 264.7 macrophage cells. These compounds dose dependently inhibited 

NO production and iNOS expression in LPS-treated cells. When LPS treatment was not performed, 

manumycin derivatives alone did not affect NO production and iNOS expression in the cells. When 

Raw 264.7 cells were treated with 1 μg/mL of LPS, the levels of NO production and iNOS 

expression were markedly increased. However, treatment with compounds significantly inhibited 

LPS-induced production of NO and expression of iNOS protein in the range of 1-20 μg/mL. In 

particular, manumycin showed good inhibition of iNOS-derived NO production and expression of 

iNOS protein. 
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Figure 26. Effect of manumycin and its derivatives on suppression of NO production and  

iNOS expression in LPS-induced RAW264.7 macrophage cells.  

Cells were pretreated with the various concentrations of compounds for 30 min, followed by  

treatment with 1 μg/mL of lipopolysaccharide(LPS). NO production in the culture media 24 h after  

the treatment was determined using the Griess reagent (A).Cells were pretreated with the various  

concentrations of compounds for 30 min, treatedwith 1 μg/mL LPS, and incubated for 24 h.  

Inducible nitric oxide synthase (iNOS) expression was analyzed by the western blot(B). 
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c. Inhibitory effects of active compounds on the productions of pro-inflammatory 

cytokines in LPS-induced Raw 264.7 macrophage cells 

 

Raw 264.7 cells were treated with 1㎍/mL of LPS with or without indicated concentrations 

of compounds. The level of pro-inflammatory cytokines such as TNF-α, IL-1β and IL-6 were 

determined by ELISA assay. As shown in Figure 27, LPS-induced cytokines release were 

significantly blocked by these compounds in a dose-dependent manner. C1, C2 and manumycin 

inhibited the release of TNF-α in LPS-activated Raw 264.7 cells. At high concentrations (20 

μg/mL) C1, C2 and manumycin inhibited the TNF-α production by 40%, 48% and 40%. C1, C2 

and manumycin inhibited the release of IL-1β in LPS-activated Raw 264.7 cells by 98%, 40%, and 

38%. C1, C2 and manumycin inhibited the release of IL-6 in LPS-activated Raw 264.7 cells by 

60%, 26%, and 32%. These results demonstrated that three compounds blocked LPS-induced pro-

inflammatory mediators such as TNF-α˛ IL-1β, IL-6 (Figure 27) and nitric oxide (Figure 26) in 

macrophages, which might be responsible for its anti-inflammatory application.  
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Figure 27. Effect of manumycin and its derivatives in the suppression of IL-1ß(A), IL-6(B) 

and TNF-α(C) productions in LPS-induced Raw 264.7 cells. Cells were pretreated with 

compounds for 30 min, followed by treatment with 1 μg/mL LPS for 24h. The amounts of, IL-1β, 

IL-6 and TNF-α released into the incubation media were measured by the ELISA assay  
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d. Inhibitory effects of active compounds on activation of NF-κB 

The effects of manumycin and its derivatives on LPS-induced NF-kB activation, we 

examined western blot analysis for NF-kB p65 translocation into the nucleus. As expected, the 

level of p65 in the cytoplasm decreased in response to LPS treatment with an immediate increase in 

the nucleus up to 30 min. On the other hands, LPS-dependent change in the levels of p65 in the 

nucleus and cytoplasm was stopped in the macrophages treated with manumycin derivatives. These 

results suggest that these compounds may inhibit NF-kB binding activity by preventing the LPS-

induced translocation of p65 to the nucleus (Figure 28). 
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Figure 28. Effect of manumycin amd its derivatives on the activation of NF-κB in LPS-

induced Raw 264.7 macrophage cells. Cells were pretreated with three compounds for 30 min, 

followed by treatment with 1 μg/mL LPS for 15 min. Treatment with these compounds (1~20 

μg/mL) inhibited LPS-induced translocation of NF-κB p65. C (cytoplasmic extract), N (nuclear 

extract). 
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e. Effects of active compounds on TPA-induced ear edema of mice 

 

Manumycin derivatives were submitted to the TPA induced ear edema test, at the dose of 50 

μg/ear to evaluate the topical anti-inflammatory effect. These compounds were investigated in 

comparison to that of the control prednisolone. Prednisolone suppressed ear edema at a dose of 50 

and 100 μg/ear in edema models. 

As reported in Table 8, compounds and control exerted anti-inflammatory activity, inducing 22.1% 

(C1), 16.7% (C2), 29.2% (manumycin) and 48.5% (pred, 50 μg/ear) edema inhibition. manumycin 

gives the highest contribution to the anti-inflammatory activity of manumycin analogues. In this 

study, we further investigated the effect of manumycin derivatives on iNOS expression in each ear 

punch biopsies by western blot analysis.       

We confirmed that iNOS expression was elevated in mouse edema with TPA for 5 h. Pre-

treatment with manumycin derivatives 1h prior to the topical application of TPA resulted in 

decrease in the level of iNOS protein in mouse ear with TPA-induced acute inflammation (Figure 

29). In short, TPA-induced up-regulation of iNOS was slightly suppressed by C1 and manumycin 

treatment. 
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Table 8. Anti-inflammatory activity of manumycin and its derivatives on TPA induced mouse 

ear edema (6h) 

Groups 
Dose 

(μg /ear) 

Weight of 

left ear (mg) 

Weight of 

Right ear 

(mg) 

Difference 

(mg) 

Inhibition 

(%) 

Control 50 2.32±0.63 7.18±0.91 4.86±1.31 - 

manumycin 50 6.78±0.86 5.08±0.47 1.7±0.81 29.2 

C1 50 7.72±0.91 5.59±0.3 2.12±0.76 22.1 

C2 50 7.26±0.63 5.98±0.65 1.28±0.78 16.7 

Prednisolone 50 7.08±0.56 4.58±0.52 2.5±0.44 48.5 

12-O-tetradecanoylphorbol-13-acetate (TPA: 1 μg/ear) alone or together with control 

(prednisolone : 50, 100 μg/ear) and derivatives (C1, C2, manumycin ; 50 μg/ear) in 10 ul acetone 

was topically applied to the right ear of ICR mice (n = 6). The weight of the ear punches were 

determined as described in Materials and Methods. 
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Figure 29. Effects of manumycin and its derivatives on TPA induced ear edema, and 

expression of iNOS in mice. Equal amounts of total proteins (30 μg /lane) were subjected to 

9 % SDS-PAGE, and the expression of inducible nitric oxide synthetase (iNOS) in ICR mice ear 

edema tissues was detected by western blotting using specific antibodies. β-actin protein was 

used as an internal control.  
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f. Effects of active compounds in in vivo models of DSS-induced colitis in mice. 

 

To confirm the anti-inflammatory effect of manumycin observed in the DSS-colitis in rats, 

we evaluated it in the chronic phase of the DSS model of colitis in mice, a well established model 

with resemblance to IBU (131). 

To examine whether the beneficial effect showed by manumycin derivatives might be ascribed to a 

anti-inflammatory effect, we tested the effects of manumycin derivatives in the model of DSS mice 

colitis. 

For this purpose, mice were given 3% (w/v) DSS dissolved in the drinking water for 7 days. 

Manumycin derivatives were given intraperitoneally to colitic mice everyday to evaluate the effects 

of the manumycins. At the dose of 10mg/kg/day, Manumycin derivatives showed good efficacy in 

this protocol. 

In mice with DSS-induced acute colitis, we observed hemorrhage in the colonic lumen and a 

shortened colon on Day 7, marked diarrhea with bloody stools on Day 4, which is similar with a 

previous reports(132-133). We investigated the optimum manumycin dose and found that 1 to 10 

mg/kg give dose dependent effect against DSS-induced acute colitis without observable 

cytotoxicity. 

As a treatment, manumycin attenuated the severity of DSS-induced acute colitis, as evidenced by 

increased survival, decreased body weight loss (Figure. 30 A, C, E), and a reduction in disease 

activity index (Figure 30 B, D, F). 

DSS colitis model was well characterized morphologically and biochemically. It has been 

suggested that the length of the colon is inversely associated with severity of DSS-induced colitis 

(131,134). We found that mice that received C2 and C3 (manumycin) treatment had longer colon 

than those treated with DSS (Figure 32 B, C). Symptoms had emerged on Day 3. The body weight 
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loss (Figure 30 A, C, E), and disease activity index (Figure 30 B, D, F) show that manumycin 

showed a good effect in reducing the severity of DSS-induced acute colitis.  

Pathological examinations of colons were carried out after H&E staining and representative results 

are shown in Figure 31. The DSS colitis group exhibited marked erosion of the lamina propria 

mucosa, disappearance of glandular epithelium, inflammatory cell infiltration (Figure 31A). In the 

C3 (manumycin) treated group (Figure 31D) and the C2 treated group (Figure 31C), pathological 

inflammation was less severe than in the DSS colitis group. 

Furthermore, as indicated by the proinflammatory cytokines and iNOS protein expression, 

manumycin administration reduced production of TNF-α (tumor necrosis factor- α), IL-

6(interleukin 6), IL-1 β and expression of iNOS protein (Figure 33). 
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Figure 30. Preventive effects of manumycin and its derivatives treatment on the time course 

changes in the DAI over experimental period of 7-day in DSS model of mice colitis. The effect 

of manumycin(C3), C1 and C2 in DSS-induced acute colitis in ICR mice. Mice were injected 

intraperitoneally with vehicle or compounds from Day 0 to 7 at doses of 1, 3 and 10 mg/kg /day. 5-

ASA was injected intraperitoneally at dose of 100 mg/kg/day. Body weight change and disease 

activity index were recorded on Day 0 to 7. (n=6 mice/group)  
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Figure 31. Effect of manumycin derivatives and 5-ASA (manumycin derivatives: 1, 3 and 10 

mg/kg/day, 5-ASA: 100mg/kg/day) on the histological changes  

Compounds were intraperitoneally administered starting on day 1. On day 8, mice were killed and 

colon biopsies were taken and fixed in 10% formalin solution. Samples were embedded in paraffin 

and sectioned (4μm sections). Sections were stained with hematoxylin and eosin and were viewed 

at either 100 magnification. (C3: manumycin) 
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Figure 32. Effects of manumycin and its derivatives on colonic length in DSS mice colitis. 

Mice were administered 3% DSS in drinking water for 7 days with or without compounds (1, 3, 

10mg/kg/day ip. up to 7 days). 5-ASA (100mg/kg/day ip up to 7 days) was used as a positive 

control. On day 7, mice were sacrificed and colons were removed.  Length of colon in each group 

(A: C1, B: C2 and C: manumycin). Macroscopic findings of representative colon in each group (D: 

manumycin treatment), Data are expressed as Mean±SD. *P<0.05 and **P<0.01 vs non-colitic 

group, #P<0.05 and ##P<0.01 vs DSS control group.  
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Figure 33. Effect of manumycin (1, 3, 10 mg/kg/day) in suppression of pro inflammatory 

cytokines (A: TNF-α, B: IL-6, C: IL-1 ß) and iNOS protein expression (D) in DSS induced 

colitis model. Mice were administered 5% DSS in drinking water (ad libitum) for 7 days with or 

without C3 (manumycin, 1, 3, 10mg/kg/day i.p .up to 7 days). The productions of (A) TNF-α, (B) 

IL-6, and (C) IL-1 ß were determined as described in materials and methods. (D)Western blotting 

was performed to detect iNOS expression.Data are expressed as Mean±SD. **P<0.01 vs non-

colitic group, #P<0.05, ##P<0.01 vs DSS control group.   
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Ⅳ. Discussion 

 

The actinomycete isolate, CS392 was isolated from soil sample collected from chonnam, 

Korea. Isolate was growing on ISP or oat meal containing medium for investigating its potency to 

produce antimicrobial agents. The actinomycte isolate, CS392 exhibited a wide spectrum 

antimicrobial activity. Identification of this strain has been carried out according to Bergey’s 

manual (135), International Streptomyces Project (112, 136-137) and numerical taxonomic study of 

Streptomyces species program. For the purpose of identification of actinomycete isolate, the 

morphological characteristics and microscopic examination revealed that the spore chain was not 

spiral. Spore mass is red gray, spore surface was smooth, substrate mycelium is yellow brown and 

diffusible pigment was produced on ISP 4 media. The result of physiological, biochemical 

characteristics indicated that the actonomycetes isolate related to a group of Streptomyces. In this 

study, the identification of actinomycete isolate CS392 was suggested of being beloing to 

Streptomyces sp. The related sequence was aligned with available almost compete sequence of type 

strains of family Streptomycetaeae. The phylogenetic tree revealed that the local isolate is closely 

related Streptomyces lanatus. (Similarity is 98%).  

The impact of carbon, nitrogen sources and metal ions on antimicrobial compounds 

production was studied. The optimum conditions for the antimicrobial compounds production in 

Streptomyces sp. CS392 are pH7.0, inoculum 3%, temperature 28 °C. Glucose affected maximum 

compounds production followed by fructose (Figure 9). Among nitrogen sources, peptone affected 

maximum activity followed by beef extract (Figure 10). The highest yield of antibiotic production 

was noticed with 1.0% glucose as a sole carbon source and 1% peptone as a sole nitrogen source 

and 0.01% magnesium chloride (Figure 11). Under the optimum fermentation medium, the 
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antimicrobial compounds production of Streptomyces sp. CS392 started at 12 h and reached to the 

maximum level after 24 h of cultivation. The gradual increase in the pH of the medium is 

characteristic of Streptomyces spp. There was a gradual increase in biomass as well as antibiotic 

production during log phase.  

This indicates that high level of compounds production is observed during active biomass 

production. But generally, The manumycin-type metabolites are produced during the stationary 

growth phase of the organisms and are found either in the culture filtrate (e.g. asukamycin , 

antibiotic U-62162 ), or in the mycelium (e.g. manumycin A, B and C, colabomycins A and D) (31, 

36-37, 138).  

Effect of incubation time on growth and compounds production by Streptomyces sp. CS392 is 

shown in Figure 12.  Further studies are needed to investigate scale up strategies for industrial 

antimicrobial compounds production.  

The increase in isolates of S. aureus with resistance to methicillin and decreased 

susceptibility to vancomycin has created an urgent need for the development of new anti-

staphylococcal agents. 

In this study, manumycin and its derivatives demonstrated potent activity against gram 

positive bacteria. Bacteriocidal activity against strains of MRSA may also provide an advantage 

over available antibiotics used to treat antibiotic resistant strain. Especially, the in vitro bactericidal 

activity of manumycin and its derivatives was also superior against VRSA and VRE compared with 

oxacillin and vancomycin. 

It was reported that manumycin group metabolite were effective against infectious 

microorganism (35-36, 38-39). Manumycin also showed good activity against gram positive 

bacteria. But until now there was no report of antimicrobial activity against antibiotic resistance 

bacteria. 
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This study evaluated the in vitro activity against three MRSA, three VRE and one VRSA 

strains. The antimicrobial activities of these compounds were remarkable. Based on this activity, 

one could consider manumycin analogues in the treatment of antibiotic resistant Staphylococci and 

Enterococci infections. However, to date, there has been no clinical experience with using 

manumycin analogues in the treatment of Staphylococcal and Enterococcal infections. Based on the 

in vitro activity seen in this study, one would expect manumycin derivatives to be a candidate for 

study against antibiotic resistant strains seen currently with increasing resistance to currently 

approved antimicrobial agents.  

 

Antimicrobial compounds produced by strain CS392 in the culture supernatant were purified 

as illustrated in the diagrammatic sketch (Figure 13). From 3 L culture broth, 412 mg of ethyl 

acetate extract (dried) was achieved. Finally, 21 mg of total antimicrobial compounds were 

achieved. Considering ethyl acetate extract as 100%, the yield of the finally purified antimicrobial 

compounds (in total) becomes 5.1%. All the three compounds were in powder form and had similar 

but slightly different color ranged from yellow to pale yellow. Figure 14 depicts a TLC of three 

antimicrobial compounds, which are named as C1, C2 and manumycin, with Rf values of 0.7, 0.5 

and 0.4, respectively.  

Purification of the manumycin group metabolite follows standard procedures which involve 

extraction with organic solvents and column chromatography on silica gel and RP-silica gel. 

Alisamycin was purified from fermentation broth of Streptomyces sp. Y-88-31582 using by 

silicagel column chromatography. 6.4mg alisamycin per liter fermentation broth was obtained as a 

yellow crystalline powder (40).  Manumycin E, F and G were purified from fermentation broth of 

Streptomyces sp. WB8376 using by counter-current distribution methods and preparative HPLC. 

Manumycin E (1.8mg), Manumycin F (1.3mg) and Manumycin G (1.5mg) per liter fermentation 
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broth was obtained. (35) Asukamycin was crystallized from antibiotic-enriched crude extracts. The 

extraction and crystallization procedure produced up to 140 mg of asukamycin per liter of the 

initial bacterial culture. But its purity was at least 85 % (183).  In this study, C1 (0.8mg), C2 

(2.1mg) and C3 (manumycin 4.1mg) per liter fermentation broth was obtained. Purification 

procedure as described in materials and methods give good yield of C1, C2 and C3 (manumycin) 

In a number of cases more than one antibiotic of the manumycin-group was discovered within 

a producing strain. (32) In addition, a few cometabolites are reported. Apart from the manumycins 

A , B, C and D, Streptomyces parvulus (strain Tü 64) produces two red antibiotic pigments, 

undecylprodigiosin and metacycloprodigiosin , as well as (L)-2,5-dihydrophenylalanin.  

Streptomyces verdensis (strain 360) produces U-56,407 as well as the cyclic peptide 

globomycin. In the colabomycin producing organism Streptomyces griseoflavus (strain Tü 2880) 

compound 2880-II was discovered by chemical screening methods as an additional biosynthetically 

related metabolite. (139-143) Streptomyces sp. CS392 produced similar type of derivatives of 

manumycin. Except manumycin and derivatives, there were no co metabolites in the culture broth 

of CS392 strain. 

In HPLC analysis, C1, C2 and manumycin appeared between 15 to 20 min (Figure 15) in the 

solvent conditions as presented in Table 2. From the HPLC column, C1 eluted first followed by C2 

and then manumycin with the peak area order manumycin>C2>C1. Among three compounds, 

manumycin occupies the major part with 58.6% of the total antimicrobial weight, followed by C2 

(30%) and C1 (11.4%) (Figure15). Structure analysis of all the purified antimicrobial compounds 

are in progress, therefore, we will present their details in our future report.  

 

Effects of compounds C1, C2 and manumycin, purified from S. sp. CS392 were evaluated 

against various pathogenic Gram-positive and Gram-negative bacteria. Antimicrobial effects, in 
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terms of MIC values, of all the purified compounds and two well known reference antibiotics 

named vanomycin and oxacilin, are illustrated in Table 6. All the antibacterial compounds 

displayed activities against a number of Gram-positive bacteria. Specifically, these compounds 

were effective against VRSA, MRSA and VRE. On the other hand, these compounds were less 

sensitive against Gram-negative bacteria with MIC values >65 μg/mL. Although being less 

sensitive, their effects against Gram-negative bacteria are comparable with vancomycin and 

oxacillin. Broadly speaking, manumycin showed the highest antimicrobial effect among the three 

purified compounds against various resistant pathogens. It is remarkable that the effect shown by 

manumycin against MRSA, VRE and VRSA was comparable with vancomycin and even better 

than that of oxacillin. In case of other Gram-positive pathogens, effects were in the order of 

manumycin>C2>C1, with the exception for B. subtilis Anti-VRE effects of manumycin (MIC, 8-16 

μg/mL) determined with various strains were comparable and found even better than that of CSU-1 

(MIC, 16 μg/mL), which was reported as a potent anti-MRSA/VRE antibiotic (144). In contrast, 

anti-MRSA effect of manumycin (MIC, 2 μg/mL) was slightly weaker than CSU-1 (MIC, 1 μg/mL). 

Effect of all the 3 antimicrobial compounds (MIC, 2-4 μg/mL) were much better than that of 

nargenicin (MIC, >80 μg/mL), which was also reported as a potent anti-MRSA compound (145). 

Antimicrobial effects of C1, C2 and manumycin against various VRSA strains (MIC, 2-4 μg/mL) 

are comparable with CSA-8 (MIC, 4 μg/mL) (146). After receiving full structural information, 

which is now in progress, we will study antimicrobial effects of these compounds in detail in 

relation to their affiliated reference antimicrobial compounds. Nevertheless, antimicrobial effects of 

these antibiotics, especially against various resistant pathogens, are strong so that they can be 

considered as potential therapeutic candidates after crucial clinical evaluation.   

 

The reducing power assay indicates reduction activity by reacting with active oxygen and 
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free radicals to make them stable. In addition, the ferricyanide complex converts to the ferrous form 

and is accompanied with a color change from yellow to green via reducing power. The absorbance 

of a sample can be measured to determine the presence of the ferrous form at 700 nm. Hence, the 

higher the reducing power, the higher the absorbance values (147). 

Figure 24 shows the effects of the manumycin derivatives at various concentrations (10-1000 

μg/mL). It was determined that C1 and C2 had similar paterns in reducing power at concentrations 

from 10 to 1,000 μg/mL. manumycin showed good activity among three compounds. In the range 

of 10-1,000 μg/mL, the reducing power of the treatments was in the order of manumycin >C1≒C2. 

Reactions of free radicals such as superoxide radical, hydroxyl radical, peroxyl radical and other 

reactive oxygen and nitrogen are associated with diseases such as Alzheimer, Parkinson diseases, 

cardiovascular disease, atherosclerosis, dementia, and cancer. Antioxidants delay or prevent 

oxidative damage and thus they may be useful as therapeutics (48, 50, 55, 153-155). 

Figure 24 presents the NO-scavenging effects of manumycin and its derivatives. C1 and 

manumycin had NO-scavenging activity. C1 was a good NO-scavenger among three compounds, 

whereas C2 showed NO-scavenging activity slightly. These compounds which had NO-scavenging 

activity ranging from 10.5% to 28% indicating that they were only moderately effective NO-

scavengers.  

In general, antioxidant, phenolic compounds have been shown to scavenge NO and inhibit 

NO production (156-157). For example, flavonoids, many active compounds reduce nitrite levels of 

stimulated macrophages (158). At the level of gene expression, many phenolic compounds that 

scavenge free radicals, such as curcumin, are inhibitors of iNOS gene expression in murine 

macrophages (156, 159-160).  

Typically, antibiotics had no NO-scavenging activity. And some antibiotic show reduction of nitric 

oxide levels via suppression of expression of iNOS protein. But manumycin derivatives had dual 
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inhibition of nitric oxide production and iNOS expression. Elimination of NO both by NO-

scavengers and iNOS inactivators is helpful to understand the basics of immune response and 

inflammation.  

Some antimicrobial compounds have additive biological activities, antitumor, anti-oxidative 

and anti-inflammatory activity. A few compounds possess dual / triple activities in a single 

component (1, 4, 161-166). Manumycin and its derivatives also showed the multi-functional 

activities in our study.  

Some antimicrobial and antioxidant compounds or extract isolated from various source of  

nature. Jung et al. reported the antioxidant effect of mixture of gallic acid and linoleic acid (148). 

Oliveira et al. reported antimicrobial and antioxidant compounds from Hazel (Corylus avellana L.) 

(149).  Tepe et al. evaluated the antimicrobial and antioxidant activities of the essential oils and 

methanol extracts of Salvia cryptantha (Montbret et Aucher ex Benth.), Cyclotrichium origani 

folium (Labill.) and Salvia multicaulis (Vahl) (150-151). In soil microorganisms, Streptomyces 

strain was found to produce herbimycin A and dihydroherbimycin A as antioxidants in the culture 

filtrate. These compounds exhibited the potent antioxidant activities in DHHP radical scavenging 

assay and lipid peroxidation assay (184).  In our investigation, C1, C3 (manumycin) showed 

antioxidant activity in nitric oxide scavenging activity and reducing power assays. Antioxidant 

activity of each of these compounds was less than that of ascorbic acid. Among three compounds, 

manumycin is known as a natural/biosynthetic compound which has shown antimicrobial activity. 

We report the antioxidant activity of manumycin for the first time. And we suggest that m-C7N 

unit which is similar to phenolic structure contributed to the antioxidant activity of manumycin. 

But further studies are necessary to esteblish the mechanism of antioxidant activity. 
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We described the purification of manumycin derivatives and its antimicrobial and anti-

oxidative properties. In the present study, these compounds reduced LPS-induced nitric oxide and 

pro-inflammatory cytokine production in Raw 264.7 cells.  

Nitric oxide (NO) is an important intracellular and intercellular signalling molecule involved in 

the regulation of diverse physiological and pathophysiological mechanisms in cardiovascular, 

nervous and immunological systems. At low concentration of NO, It acts as a biological mediator, 

and important host defense effector in the immune system. But, abnormal nitric oxide levels, it is a 

free oxygen radical (NOS) and can act as a cytotoxic agent in pathological processes, particularly 

in inflammatory disorders (167-170). Inhibition of iNOS may be beneficial for the treatment of 

inflammatory disease (168, 171-172).  

In inflammatory process, stimulated macrophage produce pro-inflammatory cytokines such as 

interleukin (IL)-6, interleukin (IL)-1ß and Tumor necrosis factor α (TNF-α). Wu CH et al. reported 

that NO suppression can inhibit LPS-induced TNF- α and IL-1β in RAW264.7 cells (173). Many 

researchers described that anti-inflammatory compounds inhibit iNOS expression and decrease 

secretion of pro-inflammatory cytokines (101, 103, 174-175). MJ S reported that vitisin A dose 

dependently inhibited LPS-induced NO production and inducible NO synthase (iNOS) expression. 

In contrast, the production of pro-inflammatory cytokines such as tumor necrosis factor-α (TNF-α) 

and interleukin-6 (IL-6) was not altered by vitisin A (100). In this study, all compounds inhibited 

iNOS dependant NO production, TNF-α, IL-6 and IL-1ß productions and iNOS protein expression 

(Figure 26, 27).  

Transcription factors like NF-κB (nuclear factor kappa B) in one of the important regulator of 

gene expression such as iNOS, COX-2, VCAM-1 (Vascular Cell Adhesion Molecule-1) and 

ICAM-1 (Intercellular Cell Adhesion Molecule-1) in immune and inflammatory responses (176). 

NF-κB is present in the cytosol as an inactive complex IkB-NFkB. The IkB-NFκB complex is 
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phosphorylated by IkB kinase (177) through activation by stimulator such as LPS, cytokines, 

interferon-g (IFNg), and tumor necrosis factor-α (TNF-α) which facilitate the translocation of free 

NF-κB from cytosol to the nucleus and the induction of iNOS gene expression (178-181).  

Because of these reasons, we conformed, by western blot that C1, C2 and C3(manumycin) blocked 

NF-κB p65 nuclear translocation and IκBα degradation (Figure 28). 

In conclusion, first, we found that these compounds had antimicrobial and anti-oxidative 

activities. Second, this is the first investigation of C3 (manumycin) in its anti-inflammatory activity 

in vitro. Because of its various activities, it is expected that these compounds may be beneficial for 

the treatment of infectious and inflammatory diseases.  

So, for further in vivo studies, we investigated the protective effect of the compounds on a 

mice model of ear edema and colitis.  

To investigate a relationship between in vitro and in vivo, these compounds were assayed for 

topical anti inflammatory activity by TPA induced ear edema model. C1, C2 and C3 (manumycin ) 

were topically applied to the inner and outer surfaces of the left ear of mice. The anti inflammatory 

activity in the TPA-induced ear edema test, was shown by these compounds (C1: 22.1%, C2: 

16.7%, manumycin: 29.2% inhibition), which did not show any side effect in this examination. C1, 

C2 and manumycin showed slight inhibition of edema formation in this method. Using each ear 

punch biopsies, protein samples were taken from ear whole cell lysate, we further investigated the 

effect of three compounds on iNOS expression by western blot analysis. Three compounds 

inhibited TPA-induced expression of iNOS. In conclusion, these compounds have topical anti 

inflammatory activity mediated via inhibition of iNOS expression. 

In the present study, we demonstrated anti-inflammatory activities of C1, C2 and C3 

(manumycin) in in vitro, using LPS stimulated Raw 264.7 macrophages. Consistent with the in 

vitro anti-inflammatory effects, C3 (manumycin) attenuated TPA-induced mouse ear edema 
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(29.2%), C1 and C2 showed weaker activity than C3 (manumycin). Usually, manumycin-type 

compounds are unstable under acidic or basic conditions and in light. Under mild oxidation 

conditions the C-4/C-7 bond is selectively cleaved. Increasing the concentration of chromic trioxide 

and longer reaction time leads to C12-epoxybenzoquinone and (-)-(2R)-2-methylhexanoic acid 

formed by additional cleavage of the C-4 double bond (32, 36,186). 

The lower solubility, poorer stability due to cleavage of C-4/C-7 bond in the six membered ring so 

called m-C7N unit of C3(manumycin) might explain the lower in vivo activity. Further structural 

study for C1and C2 is necessary to confirm it.  

 

Inflammatory bowel disease (IBD) is a common disorder, probably involving an immune 

reaction of the body to its own intestinal tract. UC (ulcerative colitis) is one of the major types of 

IBD. UC is associated with chronic inflammation of the intestinal tract (colon) of unknown 

etiology. Histologically, damages such as mucosal accumulation of leukocytes, crypt shortening, 

and erosion of epithelium found in the intestine. Activation of T cells and macrophages has been 

regarded as an important factor in its pathogenesis.  Some antibiotics are effective against 

experimental and clinical colitis (189-190) and drugs such as 5-aminosalicyclic acid, 

corticosteroids, azathioprine, mercaptopurines, and cyclosporine are also used to treat IBD (187-

188). 

Manumycin group metabolite has been shown to possess antimicrobial,  

antifungal, antitumor and interleukin-1 converting enzyme inhibition properties in in vitro 

experimental models (30, 34-46). In our experiments, C1, C2 and C3 (manumycin)  

reduced pro inflammatory cytokines and inducible nitric oxide synthase (iNOS) 

expressions in murine macrophage as well as in TPA induced ear edema model.  

Therefore, the use of a single compound with both immunomodulatory and 
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antimicrobial activities could be very interesting in the pharmacological treatment  

of IBD. The intraperitoneal administration of these compounds has not been reported 

to exert intestinal anti-inflammatory effect in DSS induced colitis model. 

So, we investigated the protective effect of the main compounds from Streptomyces. sp. 

CS392 on a mice model of colitis.  

Colitis was induced by administration of dextran sulfate sodium (DSS) (3% w/v) in drinking 

water to ICR mice (male, 5 weeks) for 7 days. DSS colitis model was well characterized 

morphologically and biochemically. DSS produced decrease in colon length and accompanied by 

mucosal edema and bloody stool. To assess the effect of the dose of C1, C2 and C3 (manumycin) 

on DSS-induced colitis, 1, 3, or 10 mg/kg/day of compounds were administered by intraperitoneal 

(ip.) injection. Sample treatment was begun at the same time as DSS was administered. For 7 days, 

we estimated disease activity index (182), which took into account body weight, stool consistency, 

gross bleeding. Colon lengths were measured.  

DAI (disease activity index) is the most commonly used objective assessment for 

determining the state of inflammation of the colon. (132-133,189) So, DAI index was first used to 

evaluate the efficacy of the compounds in DSS induced colitis model. In this study, DAI index is 

scored from 0 to 5, Zero represents no disease symptoms.   

Inflammatory symptoms were reduced after treatment C2 and C3 (manumycin). General 

assessment indicated that the ulcerative colitis had significantly improved. The Disease Activity 

Index decreased from an average of 4.0 to 2.5 in C2 and C3 treatment groups. 

Histologically, the colitis control group exhibited marked colonic shortening, erosion of 

the lamina propria mucosa and infiltration of neutrophils in the lamina propria and other related 

findings.  

C2 and C3 (manumycin) administration was found to protect the colonic shortening 
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and to reduce neutrophil infiltration in the mucosa and lamina propria induced by DSS.  

Pro-inflammatory mediators such as tumor necrosis factor-α (TNF-α), interleukin-1ß (IL-1ß), and 

interleukin-6 (IL-6), were determined using ELISA. Tumour necrosis factor α (TNF-α) has been 

shown to play a critical role in the pathogenesis of inflammatory bowel disease (IBD). TNF-α 

blockers are biological agents that specifically target this key cytokine in the inflammatory process 

and have become a mainstay in the therapy of inflammatory bowel diseases (191-192). C3 

(manumycin) inhibited the abnormal secretions of pro-inflammatory cytokines, such as TNF- α. 

And IL-1ß and IL-6 are important pro inflammatory cytokines of IBD. Minocycline and 

tetracycline were found to suppress the pro inflammatory cytokine production (194). 

In addition, inosine was found to a ttenuate the pathological symptoms of DSS-induced 

colitis and pro inflammatory cytokine production such as IL-1, IL-6 (195). These 

findings point out the fact that reduction of pro-inflammatory cytokines may 

represent an effective therapeutic approach for IBD.  

In the present study, it was observed that the levels of pro-inflammatory 

cytokines such as IL-1ß and IL-6 were increased in the colonic tissues of mice with 

DSS-induced colitis. And the intraperitoneally administration of C3 (manumycin) 

reduced these cytokines production.  

Furthermore, C3 (Manumycin) administration suppressed inducible nitric oxide synthase 

(iNOS) expression. Treatment of mice with a synthetic inhibitor specific to iNOS efficiently 

attenuates the severity of experimental colitis (193). Taken together, these results show that 

C3 (manumycin) attenuates colitis by suppressing pro-inflammatory mediators, such as 

NO, TNF- α, IL-1ß , and IL-6, in the colonic tissues of mice with DSS-induced colitis.  

C3 (manumycin) should be considered as an alternative agent for treatment of IBD.  

These results suggest that manumycin has an anti-inflammatory effect that is due to the 
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down-regulations of iNOS expression and the productions of inflammatory mediators. And it could 

be one of the possible mechanisms of action of C3 (manumycin). But, to expect the possibility of 

development of C3 (manumycin) as a therapeutic agent, further studies are necessary to establish 

the constructive mechanism of actions of the compound.  

In conclusion, three immunomodulatory compounds with strong antimicrobial activity were 

purified from a new Streptomyces strain isolated from Korean soil. One of the purified compounds 

was identified as manumycin and two others were as its derivatives. The results drawn from this 

study provide a scientific basis for the application of these compounds as antimicrobial anti-

inflammatory agent. Further studies should/will be undertaken to explain the mechanism of action 

and roles of immune response by which these compounds exert their biological activity.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



   -95- 

Ⅴ. References 

 

1. lanaro A, Ialenti A, Maffia P, Sautebin L, Rombola L, Carnuccio. R (2000) Anti-inflammatory 

activity of macrolide antibiotics. J Pharmacol Exp Ther 292(1):156-163 . 

2.  Osada H (1998) Actinomyces : how fascinating microorganisms. Actinomycetologica 12:85-88. 

3. Saadoun I (2003) The Streptomyces flora of Badia region of Jordan and its potential as a source 

of antibiotics active against antibiotic-resistance bacteria. J. Arid.Eviron 53:365-371. 

4. Uosaki Y, Yasuzawa T, Hara M, Saitoh Y, Sano H (1991) Sapurimycin, new antitumor 

antibiotic produced by Streptomyces. Structure determination. J Antibiot 44(1):40-44 . 

5. Hara M, Takiguchi T, Ashizawa T, Gomi K, Nakano H (1991) Sapurimycin, new antitumor 

antibiotic produced by Streptomyces. Producing organism, fermentation, isolation and 

biological properties. J Antibiot 44(1):33-39 . 

6. Watve MG TR, Jog MM, Bhole BD (2001) How many antibiotics are produced by the genus 

Streptomyces. Arch Microbiol 176:386-390. 

7. Miyadoh S (1993) Research on antibiotic screening in Japan over the last decade: A producing 

microorganisms approach. Actinomycetologica 9:100-106. 

8. Hwang BK AS, Moon SS (1994) Production, purification and antifungal activity of the 

antibiotic nucleoside, tuberecidine, produced by Streptomyces violaceonig. Can J Bot 72:480-

485. 

9. Goodfellow M, Williams, S.T., Mordarski, M (1988) Actinomycetes in biotechnology. London. 

Academic Press. 

10. Goossens H, Ferech M, Vander Stichele R,  Elseviers M (2005) Outpatient antibiotic use in 

Europe and association with resistance: a cross-national database study. Lancet 365(9459):579-



   -96- 

587 . 

11. Mathew AG, Cissell R,  Liamthong S (2007) Antibiotic resistance in bacteria associated with 

food animals: a United States perspective of livestock production. Foodborne Pathog Dis 

4(2):115-133 . 

12. Ferber D. (2002) Antibiotic resistance. Livestock feed ban preserves drugs' power. Science 

295(5552):27-28 . 

13. Joakim Larsson DG, Fick J (2009) Transparency throughout the production chain--a way to 

reduce pollution from the manufacturing of pharmaceuticals? Regul Toxicol Pharmacol 

53(3):161-163 . 

14.  Klevens RM, Edwards JR, Tenover FC, McDonald LC, Horan T, Gaynes R (2006) Changes 

in the epidemiology of methicillin-resistant Staphylococcus aureus   in intensive care units 

in US hospitals, 1992-2003. Clin Infect Dis 42(3):389-391 . 

15. 2006 EAR (2008) http://www.rivm.nl/earss/Images/EARSS%202006 %20Def tcm61-

44176.pdf. [accessed 8 July 2008].  

16. Moran GJ, Krishnadasan A, Gorwitz RJ, Fosheim GE, McDougal LK, Carey RB, Talan DA 

(2006) Methicillin-resistant S. aureus infections among patients in the emergency department. 

N Engl J Med 355(7):666-674 . 

17. Tsiodras S, Gold HS, Sakoulas G, Eliopoulos GM, Wennersten C, Venkataraman L, Moellering 

RC, Ferraro MJ (2001) Linezolid resistance in a clinical isolate of Staphylococcus aureus  . 

Lancet 358:207-208. 

18. Hiramatsu K HH, Ino T, Yabuta K, Oguri T, Tenover FC (1997) Methicillin resistant 

Staphylococcus aureus clinicalstrain with reduced vancomycin susceptibility. J Antimicrob 

Chemother 40:135-136. 

19. Smith TL PL, Wilcox KR, Cruz C, Lancaster MV, Robinson-Dunn B, Tenover FC, Zervos MJ, 



   -97- 

Band JD, White E, Jarvis WR (1999) Emergence of vancomycin resistance in Staphylococcus 

aureus  . Glycopeptide-Intermediate Staphylococcus aureus   Working Group. N Engl J 

Med 340:493-501. 

20. Rotun SS MV, Schoonmaker DJ, Maupin PS, Tenover FC, Hill BC, Ackman DM (1999) 

Staphylococcus aureus with reduced susceptibility to vancomycin isolated from a patient with 

fatal bacteremia. Emerg Infect Dis 5:147-149. 

21. Anonymous (2000) Centers for Disease Control and Prevention: Staphylococcus aureus with 

reduced susceptibility to vancomycin-Illinois 1999. Morb Mortal Wkly Rep MMWR 48:1165-

1167. 

22. Ploy MC GC, Martin C, de Lumley L, Denis F (1998) Firstclinical isolate of vancomycin-

intermediate Staphylococcus aureus in a French hospital. Lancet 351:1212. 

23. Howe RA BK, Walsh TR, Feest TG, MacGowan AP (1998) Vancomycin- resistant 

Staphylococcus aureus . Lancet 351:602. 

24. Bierbaum G FK, Lenz W, Szekat C, Sahl HG (1999) Presence of Staphylococcus aureus with 

reduced susceptibility to vancomycin in Germany. Eur J Clin Microbiol Infect Dis 18:691-696. 

25. Wilson P, Andrews JA, Charlesworth R, Walesby R, Singer M, Farrell MD, Robbins M (2003) 

Linezolid resistance in clinical isolates of Staphylococcus aureus. J Antimicrob Chemother 

51(1):186-188 . 

26.  Macey JR, Strasburg JL, Brisson JA, Vredenburg VT, Jennings M, Larson A (2001) 

Molecular phylogenetics of western North American frogs of the Rana boylii species group. 

Mol Phylogenet Evol 19(1):131-143 . 

27. Leclercq R, Derlot E, Duval J, Courvalin P (1988) Plasmid-mediated resistance to vancomycin 

and teicoplanin in Enterococcus faecium. N Engl J Med 319(3):157-161 . 

28.  Bonora MG, Solbiati M, Stepan E, Zorzi A, Luzzani A, Catania MR, Fontana R (2006) 



   -98- 

Emergence of linezolid resistance in the vancomycin-resistant Enterococcus faecium 

multilocus sequence typing C1 epidemic lineage. J Clin Microbiol 44(3):1153-1155 .  

29. Wisplinghoff H, Bischoff T, Tallent SM, Seifert H, Wenzel RP, Edmond MB (2004) 

Nosocomial bloodstream infections in US hospitals: analysis of 24,179 cases from a 

prospective nationwide surveillance study. Clin Infect Dis 39(3):309-317 . 

30. Buzzetti F, Gäumann, E., Hütter, R., Keller-Schierlein, W., Neipp, L., Prelog, V. and Zähner, H 

(1963) Manumycin. Pharm. Acta Helv 38:871-874.  

31. K. Schröder and A. Zeeck (1973) Manumycin. Tetrahedron Letter 50:4995-4998. 

32. Sattler I TR, Zeeck A (1998) The manumycin-group metabolites. Nat Prod Rep 15(3):221-240. 

33. K. Burkhardt HPF, S. Grabley, R. Thiericke and A. Zeeck, . I. Taxonomy, fermentation, 

isolation, and biological activity (1996) New cineromycins and muscacins obtained by 

metabolic pattern analysis of Streptomyces griseoviridis (FH-S 1832). J. Antibiot. 49:432-437. 

34. Hara M AK, Akinaga S, Okabe M, Nakano H, Gomez R, Wood D, Uh M, Tamanoi F (1993) 

Identification of Ras farnesyltransferase inhibitors by microbial screening. Proc Natl Acad Sci 

U S A 90(6):2281-2285.  

35. Shu Y.-Z. HS, Wang R.R., Lam K.S., Klohr S.E., Volk K.J., Pirnik D.M.,Patel P.S (1994) 

Manumycins E, F and G, new members of manumycin class antibiotics, from Streptomyces sp. 

Journal of Antibiotics 47(3):324-333  

36. Omura S, Kitao C, Tanaka H, Oiwa R, Takahashi Y (1976) A new antibiotic, asukamycin, 

produced by Streptomyces. J Antibiot 29(9):876-881 .  

37. Grote R ZA, Drautz H, Zähner H (1988) Metabolic products of microorganisms. 244. 

Colabomycins, new antibiotics of the manumycin group from Streptomyces griseoflavus. I. 

Isolation, characterization and biological properties. J Antibiot 41(9):1178-1185.  

38. Slechta L. CJI, Mizsak S.A., Hoeksema H (1982) Isolation and characterization of a new 



   -99- 

antibiotic U-62162. J Antibiot 35(5):556-560. 

39. Brodasky TF SD, Dietz A, Mizsak S (1983) U-56,407, a new antibiotic related to asukamycin: 

isolation and characterization. J Antibiot 36(8):950-956. 

40. Franco CM MR, Vijayakumar EK, Chatterjee S, Blumbach J, Ganguli BN (1991) Alisamycin, 

a new antibiotic of the manumycin group. I. Taxonomy, production, isolation and biological 

activity. J Antibiot 44(12):1289-1293. 

41. Hayashi K, Nakagawa M, Fujita T, Tanimori S,  Nakayama M (1994) Nisamycin, a new 

manumycin group antibiotic from Streptomyces sp. K106. II. Structure determination and 

structure-activity relationships. J Antibiot 47(10):1110-1115 . 

42. Hayashi K, Nakagawa M,  Nakayama M (1994) Nisamycin, a new manumycin group 

antibiotic from Streptomyces sp. K106. I. Taxonomy, fermentation, isolation, physico-chemical 

and biological properties. J Antibiot 47(10):1104-1109 . 

43. Hayashi K, Nakagawa M, Fujita T, Tanimori S,  Nakayama M (1993) Nisamycin, a new 

manumycin group antibiotic from Streptomyces sp. K106. J Antibiot 46(12):1904-1907 . 

44. Tanaka T, Tsukuda E, Ochiai K, Kondo H, Teshiba S, Matsuda Y (1996) EI-1511-3, -5 and EI-

1625-2, novel interleukin-1 beta converting enzyme inhibitors produced by Streptomyces sp. 

E-1511 and E-1625. I. Taxonomy of producing strain, fermentation and isolation. J Antibiot 

49(11):1073-1078 . 

45. Kohno J, Nishio M, Kawano K, Nakanishi N, Suzuki S, Uchida T, Komatsubara S (1996) 

TMC-1 A, B, C and D, new antibiotics of the manumycin group produced by Streptomyces sp. 

Taxonomy, production, isolation, physico-chemical properties, structure elucidation and 

biological properties. J Antibiot 49(12):1212-1220 . 

46. JP 06 239 848 A2/1994. 

47. Nilsson J PD, Önning G, Persson C, Nilsson Å, Åkesson B (2005) Comparison of the ABTS 



   -100- 

and FRAP  methods to assess the total antioxidant capacity in extracts of fruit and vegetables. 

Mol Nutrition  Food Res 49:239-246. 

48. Ames BN, Shigenaga MK,  Hagen TM (1993) Oxidants, antioxidants, and the degenerative 

diseases of aging. Proc Natl Acad Sci U S A 90(17):7915-7922 . 

49. S.M. Edgington, Biotechnology 12 (1994) As we live and breath: Free radicals and aging. 

Biotechnology. 12(1):37-40.  

50. Greenspan HC  Aruoma OI (1994) Oxidative stress and apoptosis in HIV infection: a role for 

plant-derived metabolites with synergistic antioxidant activity. Immunol Today 15(5):209-213 . 

51. Anonymous (1992) ISFRR VI biennial meeting. Free radicals: from basic science to medicine. 

Torino, Italy, June 16-20, 1992. Abstracts. Free Radic Res Commun Spec No:1-199 . 

52. Klings ES  Farber HW (2001) Role of free radicals in the pathogenesis of acute chest 

syndrome in sickle cell disease. Respir Res 2(5):280-285 . 

53. Singh A (1982) Chemical and biochemical aspects of superoxide radicals and related species of 

activated oxygen. Can J Physiol Pharmacol 60(11):1330-1345 . 

54. Tanaka Y, Tran PO, Harmon J,  Robertson RP (2002) A role for glutathione peroxidase in 

protecting pancreatic beta cells against oxidative stress in a model of glucose toxicity. Proc 

Natl Acad Sci U S A 99(19):12363-12368 . 

55. Adelman R, Saul RL, Ames BN (1988) Oxidative damage to DNA: relation to species 

metabolic rate and life span. Proc Natl Acad Sci U S A 85(8):2706-2708 . 

56. Britigan BE, Miller RA, Hassett DJ, Pfaller MA, McCormick ML, Rasmussen GT (2001) 

Antioxidant enzyme expression in clinical isolates of Pseudomonas aeruginosa: identification 

of an atypical form of manganese superoxide dismutase. Infect Immun 69(12):7396-7401 . 

57. Berlett BS, Levine RL, Chock PB, Chevion M, Stadtman ER (2001) Antioxidant activity of 

Ferrozine-iron-amino acid complexes. Proc Natl Acad Sci U S A 98(2):451-456 . 



   -101- 

58. Cynshi O, Kawabe Y, Suzuki T, Takashima Y, Kaise H, Nakamura M, Ohba Y, Kato Y, Tamura 

K, Hayasaka A, Higashida A, Sakaguchi H, Takeya M, Takahashi K, Inoue K, Noguchi N, Niki 

E, Kodama T (1998) Antiatherogenic effects of the antioxidant BO-653 in three different 

animal models. Proc Natl Acad Sci 95(17):10123-10128 . 

59. Shaish A, Daugherty A, O'Sullivan F, Schonfeld G,  Heinecke JW (1995) Beta-carotene 

inhibits atherosclerosis in hypercholesterolemic rabbits. J Clin Invest 96(4):2075-2082 . 

60. Kim KJ, Yang YJ, Kim JG (2003) Purification and characterization of chitinase from 

Streptomyces sp. M-20. J Biochem Mol Biol 36(2):185-189 . 

61. Zou C, Liebert M, Grossman HB, Lotan R (2001) Identification of effective retinoids for 

inhibiting growth and inducing apoptosis in bladder cancer cells. J Urol 165(3):986-992 . 

62. Garewal HS Meyskens FL,Jr. (1991) Chemoprevention of cancer. Hematol Oncol Clin North 

Am 5(1):69-77 . 

63.  Hengartner MO (2000) The biochemistry of apoptosis. Nature 407(6805):770-776 . 

64. Turley JM, Fu T, Ruscetti FW, Mikovits JA, Bertolette DC 3rd, Birchenall-Roberts MC (1997) 

Vitamin E succinate induces Fas-mediated apoptosis in estrogen receptor-negative human 

breast cancer cells. Cancer Res 57(5):881-890 . 

65. Zhou Z, Zhang Y, Ding XR, Chen SH, Yang J, Wang XJ, Jia GL, Chen HS, Bo XC, Wang SQ 

(2007) Protocatechuic aldehyde inhibits hepatitis B virus replication both in vitro and in vivo. 

Antiviral Res 74(1):59-64 . 

66. Zhou Z, Liu Y, Miao AD,  Wang SQ (2005) Protocatechuic aldehyde suppresses TNF-alpha-

induced ICAM-1 and VCAM-1 expression in human umbilical vein endothelial cells. Eur J 

Pharmacol 513(1-2):1-8 . 

67. Bebrevska L, Foubert K, Hermans N, Chatterjee S, Van Marck E, De Meyer G, Vlietinck A, 

Pieters L, Apers S (2010) In vivo antioxidant activity of a quantified Pueraria lobata root 



   -102- 

extract. J Ethnopharmacol 127(1):112-117 . 

68. Hammond B, Kontos HA, Hess ML (1985) Oxygen radicals in the adult respiratory distress 

syndrome, in myocardial ischemia and reperfusion injury, and in cerebral vascular damage. 

Can J Physiol Pharmacol 63(3):173-187 .  

69. Halliwell B, Gutteridge JM (1990) Role of free radicals and catalytic metal ions in human 

disease: an overview. Methods Enzymol 186:1-85 . 

70. Coyle JT, Puttfarcken P (1993) Oxidative stress, glutamate, and neurodegenerative disorders. 

Science 262(5134):689-695 . 

71. Shin-ya KYHHS (1993) Structure ofbenthophoenin, a new free radical scavenger producedby 

Streptomyces prunicolor. J. Nat. Prod 56:1255-1258. 

72. Tanaka M, Shin-ya K, Furihata K, Seto H (1995) Isolation and structural elucidation of 

antioxidant substances, carbazoquinocins A to F. J Antibiot 48(4):326-328 . 

73. Shin-ya KKF, Y. Kato, Y. Hayakawa, J.Clardy H. Seto (1991) The structure of benthocyanin A, 

a new free radical scavenger of microbial origin. Tetrahedron Lett 32:943-946. 

74. Lee I-KB-SY, S.-M. Cho, W.-G. Kim, J.-P Kim (1996) Betulinans A and B, two benzoquinone 

compoundsfrom Lenzites betulina. J.Nat. Prod 59:1090-1092. 

75. Kim WG, Lee IK, Kim JP, Ryoo IJ, Koshino H, Yoo ID (1997) New indole derivatives with 

free radical scavenging activity from Agrocybe cylindracea. J Nat Prod 60(7):721-723 . 

76. Kim J-RB-SY, Y.-K. Shim I.-D. Yoo (1999) Inoscavin A, a new free radical scavenger from the 

mushroom Inonotus xeranticus. Tetrahedron Lett 40:6643-6644. 

77. Guillot FL, Malnoe A, Stadler RH (1996) Antioxidant Properties of Novel Tetraoxygenated 

Phenylindan Isomers Formed during Thermal Decomposition of Caffeic Acid. J Agri Food 

Chem  44(9):2503-2510. 

78. Kim I.-S. MH-Y, Yun H.-S., Jin I. (2006) Heat shock causes oxidative stress and induces a 



   -103- 

variety of cell rescue proteins in Saccharomyces cerevisiae KNU5377 J Microbiol 44(5):492-

501. 

79.  M.G. S (1988) Mechanisms of inhibition of free-radical processes in mutagenesis and 

carcinogenesis Mutation Res 202(2):377-386. 

80. Diplock A.T. CJ-L, Crozier-Willi G., Kok F.J., Rice-Evans C., Roberfroid M., Stahl W., Vina-

Ribes J.  (1998) Functional food science and defence against reactive oxidative species Br J 

Nutr 80 Suppl 1:S77-112. 

81. Bhaskaran R, Palmier MO, Lauer-Fields JL, Fields GB, Van Doren SR (2008) MMP-12 

catalytic domain recognizes triple helical peptide models of collagen V with exosites and high 

activity. J Biol   Chem 283(31):21779-21788 . 

82. Black HS (2002) Pro-oxidant and anti-oxidant mechanism(s) of BHT and beta-carotene in 

photocarcinogenesis. Front Biosci 7:d1044-1055 . 

83. Bendich A ML, Scadurra O, Burton GW, Wayner DDM (1986) The antioxidant role of vitamin 

C. Free Radic Biol Med 2:419-444. 

84. Fukuzawa K CH, Tokumura A, Tsukatani H (1981) Antioxidant effect of a-tocopherol 

incorporation into lectin liposomes on ascorbic acid - Fe2+ - induced lipid peroxidation. Arch 

Biochem Biophys, 206:173-180. 

85. Fugimoto K OH, Kaneda T (1986) Biological antioxidant activities of bromophenols and 

certain other antioxidants. Agric Biol Chem 50(101-108). 

86. Kato S KT, Urata T, Mochizuki T (1993) In vitro and ex vivo free radical scavenging activities 

of carazostatin, carbazomycin B and their derivatives. J Antibiot 46:1859-1865. 

87. Shindo K TA, Noguchi T, Hayagawa Y, Seto H (1989) Thiazostatin A and thiazostatin B, new 

antioxidants produced by Pseudomonas cepacia. J Antibiot 42:1526-1529. 

88. Kim WG KJ, Kim CJ, Lee KH, Yoo ID (1996) Benzastatin A, B, C and D: new free radical 



   -104- 

scavengers from Streptomyces nitrosporeus 30643. J Antibiot 49:20-25. 

89. Aoyama T NY, Nakagawa M, Sakai H (1982) Screening for antioxidants of microbial origin. 

Agric Biol Chem 46:2369-2371. 

90. Isomaki P  Punnonen J (1997) Pro- and anti-inflammatory cytokines in rheumatoid arthritis. 

Ann Med 29(6):499-507 . 

91. Libby P, Ridker, P.M., Maseri, A., 2002 (2002) Inflammation and atherosclerosis. Circulation 

105:1135-1143. 

92. Tilg H, Wilmer A, Vogel W, Herold M, Nölchen B, Judmaier G, Huber C. (1992) Serum levels 

of cytokines in chronic liver diseases. Gastroenterology 103(1):264-274 . 

93. Wong PK, Campbell, I.K., Egan, P.J., Ernst, M., Wicks, I.P (2003) The role of the interleukin-6 

family of cytokines in inflammatory arthritis and bone turnover. Arthritis Rheum 48:1177-1189. 

94. Koss K, Satsangi, J., Welsh, K.I., Jewell, D.P. (2000) Is interleukin-6 important in 

inflammatory bowel disease? Genes Immun 1:207-212. 

95. Campana D, Coustan-Smith E, Janossy G (1988) Double and triple staining methods for 

studying the proliferative activity of human B and T lymphoid cells. J Immunol Methods 

107(1):79-88 . 

96. Mayer B, Hemmens, B (1997) Biosynthesis and action of nitric oxide in mammalian cells. 

Trends  Biochem Sci 22(12):471-481. 

97. Alderton WK, Cooper, C.E., Knowles, R.G. (2001) Nitric oxide synthases: structure, function 

and inhibition. Biochem J 357((Pt3)):593-615. 

98. Liu J, Garcia-Cardena, G., Sessa, W.C (1995) Biosynthesis and palmitoylation of endothelial 

nitric oxide synthase: mutagenesis of palmitoylation sites, cysteines-15 and/or-26, argues 

against depalmitoylation-induced translocation of the enzyme. Biochemistry 34(38):12333-

12340. 



   -105- 

99. Jungi TW, Adler, H., Adler, B., Thony, M., Krampe, M., Peterhans, E (1996) Inducible nitric 

oxide synthase of macrophages. Present knowledge and evidence for species-specific 

regulation. Vet Immun  Immunopath 54(1-4):323-330. 

100. Mi Jeong Sung, Davaatseren M, Kim W, Sung Kwang Park, Kim SH, Haeng Jeon Hur, Myung 

Sunny Kim, Kim YS, Dae Young Kwon. (2009) Vitisin A suppresses LPS-induced NO 

production by inhibiting ERK, p38, and NF-kappaB activation in Raw 264.7 cells. Int 

Immunopharmacol 9(3):319-323 . 

101. An SJ, Pae HO, Oh GS, Choi BM, Jeong S, Jang SI, Oh H, Kwon TO, Song CE, Chung HT 

(2002) Inhibition of TNF-alpha, IL-1beta, and IL-6 productions and NF-kappa B activation in 

lipopolysaccharide-activated Raw 264.7 macrophages by catalposide, an iridoid glycoside 

isolated from Catalpa ovata G. Don (Bignoniaceae). Int Immunopharmacol 2(8):1173-1181 . 

102. Zhao F, Wang L,  Liu K (2009) In vitro anti-inflammatory effects of arctigenin, a lignan from 

Arctium lappa L., through inhibition on iNOS pathway. J Ethnopharmacol 122(3):457-462 . 

103. Rak Min K, Lee H, Hak Kim B, Chung E, Min Cho S, Kim Y. (2005) Inhibitory effect of 6-

hydroxy-7-methoxychroman-2-carboxylic acid phenylamide on nitric oxide and interleukin-6 

production in macrophages. Life Sci 77(25):3242-3257 . 

104. Han JM, Jin YY, Kim HY, Park KH, Lee WS, Jeong TS (2010) Lavandulyl flavonoids from 

Sophora flavescens suppress lipopolysaccharide-induced activation of nuclear factor-kappaB 

and mitogen-activated protein kinases in RAW264.7 cells. Biol Pharm Bull 33(6):1019-1023 . 

105. Tham CL, Liew CY, Lam KW, Mohamad AS, Kim MK, Cheah YK, Zakaria ZA, Sulaiman 

MR, Lajis NH, Israf DA (2010) A synthetic curcuminoid derivative inhibits nitric oxide and 

proinflammatory cytokine synthesis. Eur J Pharmacol 628(1-3):247-254 . 

106. Lahti A, Kankaanranta, H., Moilanen, E. (2002) P38 mitogen-activated protein kinase 

inhibitor SB203580 has a bi-directional effect on iNOS expression and NO production. Eur J 



   -106- 

Pharmacol 454(2-3):115-123. 

107. Marks-Konczalik J, Chu, S.C., Moss, J. (1998) Cytokine-mediated transcriptional induction of 

the human inducible nitric oxide synthase gene requires both activator protein 1 and nuclear 

factor kappaB-binding sites. J Biol Chem 273(35):22201-22208. 

108. Momose I, Terashima, M., Nakashima, Y., Sakamoto, M., Ishino, H., Nabika, T., Hosokawa, Y., 

Tanigawa, Y. (2000) Phorbolester synergistically increases interferon regulatory factor-1 and 

inducible nitric oxide synthase induction in interferongamma-treated Raw 264.7 cells. Biochim 

Biophys Acta 1498(1):19-31. 

109. Muller MR, Pfannes, S.D., Ayoub, M., Hoffmann, P., Bessler, W.G., Mittenbuhler, K. (2001) 

Immunostimulation by the synthetic lipopeptide P3CSK4: TLR4-independent activation of 

the ERK1/2 signal transduction pathway in macrophages. Immunology 103(1):49-60. 

110. Xia YF, Liu, L.P., Zhong, C.P., Geng, J.G. (2001) NF-kappaB activation for constitutive 

expression of VCAM-1 and ICAM-1 on B lymphocytes and plasma cells. Biochem Biophys 

Res Commun  289(4):851-856. 

111. Ye X, Liu, S.F (2001) Lipopolysaccharide regulates constitutive and inducible transcription 

factor activities differentially in vivo in the rat. Biochem Biophys Res Commun 288(4):927-

932. 

112. Shirling EB (1966) Methods for characterization of  Streptomyces sp. Intl. I. Syst. Bacteriol 

16:313-340. 

113. Kenneth L.K, Deane BJ (1995) Color universal language and dictionary of names. United 

states Department of Commerce. National Bureau of standards. Washington, D.C, 20234. 

114. Pridham TG, Anderson, P., Foloey, C., Lindenfelser, H.A., Hesseltine,C.W.  Benedict, R.G 

( 1956- 57) A selection of media for maintenance and taxonomic study of streptomycetes. 

Antibiotic. Annual 1956-1957:947-953. 



   -107- 

115. Pridham TG GD (1948) The utilization of carbon compounds by some Actinomycetales as an 

aid for species determination. J Bacteriol 56:107-114. 

116. Dye DW (1962) The inadequacy of the usual determinative tests for the identification of 

Xanthomonas spp. New. Zealand Journal of Science 5:393-416. 

117. Elwan SH, El-Naggure MR, Ammar MS (1977) Characteristics of lipases in the growth filtrate 

dialysate of Bacillus stearothermophilus grown at 55 degrees Celsius using a tributyrin cup-

plate assay. Bull. Fac. Sci., Riyadh Univ 8:105-119. 

118. Chapman GS (1952) A SIMPLE METHOD FOR MAKING MULTIPLE TESTS OF A 

MICROORGANISM. J Bacteriol:63-147. 

119. Cowan ST (1974) A manual for the Identification of Medical Bacteria 2nd Edition Cambridge, 

Univ, Press. 

120. Edwards U, Rogall T, Blocker H, Emde M,  Bottger EC (1989) Isolation and direct complete 

nucleotide determination of entire genes. Characterization of a gene coding for 16S ribosomal 

RNA. Nucleic Acids Res 17(19):7843-7853 . 

121. Wayne P (1997) National Committee for Clinical Laboratory Standards. Methods for Dilution 

Antimicrobial Susceptibility Tests for Bacteria that Grow Aerobically. Approved Standard 

M7-A4.. National Committee for Clinical Laboratory Standards, . 

122. Leitner F, Misiek M, Pursiano TA, Buck RE, Chisholm DR, DeRegis RG, Tsai YH, Price KE. 

(1976) Laboratory evaluation of BL-S786, a cephalosporin with broad-spectrum antibacterial 

activity. Antimicrob Agents Chemother 10(3):426-435 . 

123. Craig WAS, B (1986) Antibiotics in Laboratory Medicine, 2nd Ed Williams Wilkins: USA 477. 

124. Sreejayan, Rao MN (1997) Nitric oxide scavenging by curcuminoids. J Pharm Pharmacol 

49(1):105-107 . 

125. Oyaizu M (1986) Studies on products of browning reaction: antioxidant activities of products 



   -108- 

of browning reaction prepared from glucosamine. Japanese J Nutr 44:307-315. 

126. Denizot F, Lang R (1986) Rapid colorimetric assay for cell growth and survival. Modifications 

to the tetrazolium dye procedure giving improved sensitivity and reliability. J Immunol 

Methods 89(2):271-277 . 

127. Chen BQ, Cui XY, Zhao X, Zhang YH, Piao HS, Kim JH, Lee BC, Pyo HB, Yun YP. (2006) 

Antioxidant and acute antiinflammatory effects of Torreya grandis. Fitoterapia 77(4):262-

267 . 

128. YOUNG JM, SPIRES, D.A., BEDFORD, C.J., WAGNER, B., BALLARON,S.J. DE YOUNG, 

L.M. (1984) The mouse ear inflammatory response to arachidonic acid. J. Invest. Dermatol 

82:367-371. 

129. Rao TS, Currie JL, Shaffer AF, Isakson PC (1993) Comparative evaluation of arachidonic acid 

(AA)- and tetradecanoylphorbol acetate (TPA)-induced dermal inflammation. Inflammation 

17(6):723-741 .  

130. Camuesco D, Comalada M, Rodríguez-Cabezas ME, Nieto A, Lorente MD, Concha A, 

Zarzuelo A, Gálvez J. (2004) The intestinal anti-inflammatory effect of quercitrin is 

associated with an inhibition in iNOS expression. Br J Pharmacol 143(7):908-918 . 

131. Okayasu I, Hatakeyama S, Yamada M, Ohkusa T, Inagaki Y, Nakaya R (1990) A novel method 

in the induction of reliable experimental acute and chronic ulcerative colitis in mice. 

Gastroenterology 98(3):694-702.  

132. Huang TY, Chu HC, Lin YL, Lin CK, Hsieh TY, Chang WK, Chao YC, Liao CL. (2009) 

Minocycline attenuates experimental colitis in mice by blocking expression of inducible nitric 

oxide synthase and matrix metalloproteinases. Toxicol Appl Pharmacol 237(1):69-82 . 

133. Tamaki H, Nakamura H, Nishio A, Nakase H, Ueno S, Uza N, Kido M, Inoue S, Mikami S, 

Asada M, Kiriya K, Kitamura H, Ohashi S, Fukui T, Kawasaki K, Matsuura M, Ishii Y, 



   -109- 

Okazaki K, Yodoi J, Chiba T. (2006) Human thioredoxin-1 ameliorates experimental murine 

colitis in association with suppressed macrophage inhibitory factor production. 

Gastroenterology 131(4):1110-1121 . 

134. Elson CO, Cong Y, McCracken VJ, Dimmitt RA, Lorenz RG, Weaver CT. (2005) 

Experimental models of inflammatory bowel disease reveal innate, adaptive, and regulatory 

mechanisms of host dialogue with the microbiota. Immunol Rev 206:260-276 . 

135. Cross T, H. Lechevalier (1994) Actinomycetes: Group 22-29. In: Bergey’s manual of 

determinative bacteriology, J. Holt, N. Krieg, P. Sneath, J. Staley, S. Williams (Eds), Ninth 

Edition, Baltimore-Philadelphia-Hong Kong: Williams Wilkins.2344-2347. 

136. Shirling EB GD (1968) Cooperative description of type cultures of Streptomyces. III. 

Additional species descriptions from first and second studies. Int J Syst Bacteriol 18:279-392. 

137. Shirling EB GD (1969) Cooperative description of type cultures of Streptomyces. IV. Species 

descriptions from second, third and fourth studies. Int J Syst Bacteriol 19:391-512. 

138. Sattler I. GC, Zeeck A (1993) New compounds of the manumycin group of antibiotics and a 

facilitated route for their structure elucidation J Organ Chem 58(24): 6583-6587. 

139. Inukai M TM, Shimizu K, Arai M (1978) Mechanism of action of globomycin. J Antibiot 

31(11):1203-1205. 

140. Inukai M. ER, Torikata A (1978) Globomycin, a new peptide antibiotic with spheroplast-

forming activity. I. Taxonomy of producing organisms and fermentation J Antibiotics 

31(5):410-420. 

141. Fickenscher U. K-SW, Zahner H (1971) Metabolic products of microorganisms - 87. l-2,5-

dihydrophenylalanine. Archiv für Mikrobiologie 75(4):346-352.  

142. Wasserman H.H. RGC, Keith D.D (1969) Metacycloprodigiosin, a tripyrrole pigment from 

Streptomyces longisporus ruber. Journal of the American Chemical Society 91(5):1263-1264. 



   -110- 

143. H.H. Wasserman GCRaDDK (1966) the structure and synthesis of undecylprodigiosin. A 

prodigiosin analogue from Streptomyces. J. Chem. Soc. Chem. Comm:825. 

144. Yoo JC, Kim JH, Ha JW, Park NS, Sohng JK, Lee JW, Park SC, Kim MS, Seong CN. (2007) 

Production and biological activity of laidlomycin, anti-MRSA/VRE antibiotic from 

Streptomyces sp. CS684. J Microbiol 45(1):6-10 . 

145. Sohng JK, Yamaguchi T, Seong CN, Baik KS, Park SC, Lee HJ, Jang SY, Simkhada JR, Yoo 

JC. (2008) Production, isolation and biological activity of nargenicin from Nocardia sp. 

CS682. Arch Pharm Res 31(10):1339-1345 . 

146. Chin JN, Rybak MJ, Cheung CM,  Savage PB (2007) Antimicrobial activities of ceragenins 

against clinical isolates of resistant Staphylococcus aureus. Antimicrob Agents Chemother 

51(4):1268-1273 . 

147. Chua MT, Tung YT, Chang ST (2008) Antioxidant activities of ethanolic extracts from the 

twigs of Cinnamomum osmophloeum. Bioresour Technol 99(6):1918-1925 . 

148.  Jung S, Choe JH, Kim B, Yun H, Kruk ZA, Jo C (2010) Effect of dietary mixture of gallic 

acid and linoleic acid on antioxidant potential and quality of breast meat from broilers. Meat 

Science 86(2):520-526. 

149.  Oliveira I, Sousa A, Valentao P, Andrade PB, Ferreira I, Ferreres F, Bento A, Seabra R, 

Estevinho L, Pereira JA.(2007) Hazel (Corylus avellana L.) leaves as source of antimicrobial 

and antioxidant compounds. Food Chem 105(3):1018-1025. 

150. Tepe B, Donmez E, Unlu M, Candan F, Daferera D, Vardar-Unlu D, Polissiou M, Sokmen A 

(2004) Antimicrobial and antioxidant activities of the essential oils and methanol extracts of 

Salvia cryptantha (Montbret et Aucher ex Benth.) and Salvia multicaulis (Vahl). Food Chem 

84(4):519-525. 

151. Tepe B, Sokmen M, Sokmen A, Daferera D,  Polissiou M (2005) Antimicrobial and 



   -111- 

antioxidant activity of the essential oil and various extracts of Cyclotrichium origanifolium 

(Labill.) Manden.  Scheng. Journal of Food Engineering 69(3):335-342. 

152. Gutierrez-Larrainzar M, de Castro C, del Valle P, Rúa J, García-Armesto MR, Busto F, de 

Arriaga D(2010) Production, stability, and antioxidant and antimicrobial activities of two L-

ascorbate analogues from phycomyces blakesleeanus: D-erythroascorbate and D-

erythroascorbate glucoside. J Agric Food Chem 58(19):10631-10638 . 

153. Amstad P, Cerutti P (1990) Genetic modulation of the cellular antioxidant defense capacity. 

Environ Health Perspect 88:77-82 . 

154. Nilsson J, Pillai D, Onning G, Persson C, Nilsson A, Akesson B (2005) Comparison of the 

2,2'-azinobis-3-ethylbenzotiazo-line-6-sulfonic acid (ABTS) and ferric reducing anti-oxidant 

power (FRAP) methods to asses the total antioxidant capacity in extracts of fruit and 

vegetables. Mol Nutr Food Res 49(3):239-246 . 

155. Edgington SM (1994) As we live and breathe: free radicals and aging. Correlative evidence 

from a number of fields suggests they may be key. Biotechnology (N Y) 12(1):37-40 . 

156. Chan MM FD (1999) Modulation of the nitric oxide pathway by natural products. In: Cellular 

and Molecular Biology of Nitric Oxide (Eds. Laskin J and Laskin D). Marcel Dekker, New 

York:333-351. 

157. Van Acker SA TM, Haenen GR, van der Vijgh WJ and Bast A (1995) Flavonoids as 

scavengers of nitric oxide radical. Biochem Biophys Res Commun 214:755-759. 

158. Kro´l W CZ, Threadgill MD, Cunningham BDM and Pietsz G (1995) Inhibition of nitric oxide 

(NOz2) production in murine macrophages by flavones. Biochem Pharmacol 50:1031-1035. 

159. Brouet I, Ohshima H (1995) Curcumin, an anti-tumour promoter and anti-inflammatory agent, 

inhibits induction of nitric oxide synthase in activated macrophages. Biochem Biophys Res 

Commun 206(2):533-540 . 



   -112- 

160. Chan MM, Huang HI, Fenton MR,  Fong D (1998) In vivo inhibition of nitric oxide synthase 

gene expression by curcumin, a cancer preventive natural product with anti-inflammatory 

properties. Biochem Pharmacol 55(12):1955-1962 . 

161. Sandoval M ON, Zhang XJ, Condezo LA, Lao J, Angeles' FM, Musah RA, Bobrowski P, 

Miller MJ. (2002) Anti-inflammatory and antioxidant activities of cat's claw (Uncaria 

tomentosa and Uncaria  guianensis) are independent of their alkaloid content. 

Phytomedicine 9(4):325-337. 

162. Chen BQ CX, Zhao X, Zhang YH, Piao HS, Kim JH, Lee BC, Pyo HB, Yun YP. (2006) 

Antioxidant and acute antiinflammatory effects of Torreya grandis. Fitoterapia 77(4):262-267. 

163. Salgin-Gökşen U G-KN, Göktaş O, Köysal Y, Kiliç E, Işik S, Aktay G, Ozalp M (2007) 1-

Acylthiosemicarbazides, 1,2,4-triazole-5(4H)-thiones, 1,3,4-thiadiazoles and hydrazones 

containing 5-methyl-2-benzoxazolinones: synthesis, analgesic-anti-inflammatory and 

antimicrobial activities. Bioorg Med Chem 15(17):5738-5751. 

164. Park BK, Nakagawa M, Hirota A,  Nakayama M (1988) Methylenolactocin, a novel 

antitumor antibiotic from Penicillium sp. J Antibiot 41(6):751-758 . 

165. Kuhr I, Fuska J, Sedmera P, Podojil M, Vokoun J, Vanĕk Z (1973) An antitumor antibiotic 

produced by Penicillium stipitatum Thom; its identity with duclauxin. J Antibiot 26(9):535-

536 . 

166. Hsu YH, Hirota A, Shima S, Nakagawa M, Adachi T, Nozaki H, Nakayama M (1989) Myrocin 

C, a new diterpene antitumor antibiotic from Myrothecium verrucaria. II. Physico-chemical 

properties and structure determination. J Antibiot 42(2):223-229 . 

167. Alderton WK, Cooper CE,  Knowles RG (2001) Nitric oxide synthases: structure, function 

and inhibition. Biochem J 357(Pt 3):593-615 . 

168. Bogdan C (2001) Nitric oxide and the immune response. Nat Immunol 2(10):907-916 . 



   -113- 

169. Dawn B, Bolli R (2002) Role of nitric oxide in myocardial preconditioning. Ann N Y Acad Sci 

962:18-41 . 

170. Moncada S, Higgs EA (1991) Endogenous nitric oxide: physiology, pathology and clinical 

relevance. Eur J Clin Invest 21(4):361-374 . 

171. Aktan F, Henness S, Roufogalis BD, Ammit AJ (2003) Gypenosides derived from 

Gynostemma pentaphyllum suppress NO synthesis in murine macrophages by inhibiting 

iNOS enzymatic activity and attenuating NF-kappaB-mediated iNOS protein expression. 

Nitric Oxide 8(4):235-242 . 

172. Kroncke KD, Fehsel K, Kolb-Bachofen V (1998) Inducible nitric oxide synthase in human 

diseases. Clin Exp Immunol 113(2):147-156 . 

173. Wu CH, Chen TL, Chen TG, Ho WP, Chiu WT, Chen RM (2003) Nitric oxide modulates pro- 

and anti-inflammatory cytokines in lipopolysaccharide-activated macrophages. J Trauma 

55(3):540-545 . 

174. Chen CJ, Raung SL, Liao SL, Chen SY (2004) Inhibition of inducible nitric oxide synthase 

expression by baicalein in endotoxin/cytokine-stimulated microglia. Biochem Pharmacol 

67(5):957-965 . 

175. Kim EH, Shim B, Kang S, Jeong G, Lee JS, Yu YB, Chun M (2009) Anti-inflammatory effects 

of Scutellaria baicalensis extract via suppression of immune modulators and MAP kinase 

signaling molecules. J Ethnopharmacol 126(2):320-331 . 

176. Xia YF, Liu LP, Zhong CP, Geng JG (2001) NF-kappaB activation for constitutive expression 

of VCAM-1 and ICAM-1 on B lymphocytes and plasma cells. Biochem Biophys Res 

Commun 289(4):851-856 . 

177. Larsen MH, Rosenbrock H, Sams-Dodd F, Mikkelsen JD (2007) Expression of brain derived 

neurotrophic factor, activity-regulated cytoskeleton protein mRNA, and enhancement of adult 



   -114- 

hippocampal neurogenesis in rats after sub-chronic and chronic treatment with the triple 

monoamine re-uptake inhibitor tesofensine. Eur J Pharmacol 555(2-3):115-121 . 

178. Huang KT, Kuo L, Liao JC (1998) Lipopolysaccharide activates endothelial nitric oxide 

synthase through protein tyrosine kinase. Biochem Biophys Res Commun 245(1):33-37 . 

179. Marks-Konczalik J, Chu SC, Moss J (1998) Cytokine-mediated transcriptional induction of 

the human inducible nitric oxide synthase gene requires both activator protein 1 and nuclear 

factor kappaB-binding sites. J Biol Chem 273(35):22201-22208 . 

180. Obermeier F, Gross V, Scholmerich J, Falk W (1999) Interleukin-1 production by mouse 

macrophages is regulated in a feedback fashion by nitric oxide. J Leukoc Biol 66(5):829-836 . 

181. Aktan F (2004) iNOS-mediated nitric oxide production and its regulation. Life Sci 75(6):639-

653 . 

182. Li Q, Ying D, Dai G,  Zheng J (2003) [Synthesis of a triple helix-forming phosphorothioate 

oligodeoxynucleotides and its effects on coagulation activity of tissue factor (TF) and TF 

gene expression in endothelial cells]. (Translated from chi) Sheng Wu Yi Xue Gong Cheng 

Xue Za Zhi 20(1):71-75, 90. 

183. Shipley PR, Donnelly CC, Le CH, Bernauer AD, Klegeris A(2009) Antitumor activity of 

asukamycin, a secondary metabolite from the actinomycete bacterium Streptomyces nodosus 

subspecies asukaensis Int J Mol Med 24(5):711-5. 

184. Chang HB, Kim JH (2007) Antioxidant properties of dihydroherbimycin A from a newly 

isolated Streptomyces sp.Biotechnol Lett. 29(4):599-603. 

185. Ban JO, Oh JH, Kim TM, Kim DJ, Jeong HS, Han SB, Hong JT(2009) Anti-inflammatory and 

arthritic effects of thiacremonone, a novel sulfur compound isolated from garlic via inhibition 

of NF-kappaB. Arthritis Res Ther. 11(5):R145 

186. K. Schroder, A. Zeeck (1973) Manumycin A-D,Terrahedron Lett . 1973, 50, 4995 



   -115- 

187. Podolsky DK (2002) Inflammatory bowel disease. N Engl J Med .347:417–429 

188. Hanauer SB (1996)  Inflammatory bowel disease. N Engl J Med 334:841–848 

189. Onderdonk, A.B., Hermos, J.A., Dzink, J.L., Bartlett, J.G(1978) Protective effect of 

metronidazole in experimental ulcerative colitis. Gastroenterology 74, 521–526.  

190. Sartor, R.B (2004) Therapeutic manipulation of the enteric microflora in inflammatory 

bowel diseases: antibiotics, probiotics, and prebiotics. Gastroenterology 126, 1620–1633. 

191. Pache I, Rogler G, Felley C (2009) TNF-alpha blockers in inflammatory bowel diseases: 

practical consensus recommendations and a user's guide. Swiss Med Wkly. 139(19-20):278-

87. 

192. Keane, J., Gershon, S., Wise, R.P., Mirabile-Levens, E., Kasznica, J., Schwieterman, W.D., 

Siegel, J.N., Braun, M.M (2001) Tuberculosis associated with infliximab, a tumor 

necrosis factor  a lpha-neutralizing agent.  N. Engl.  J .  Med .  345, 1098–1104. 

193. Medina, C., Radomski, M.W (2006) Role of matrix metalloproteinases in intestinal 

inflammation. J. Pharmacol. Exp. Ther. 318, 933–938. 

194. Garrido-Mesa N, Camuesco D, Arribas B, Comalada M, Bailón E, Cueto-Sola M, Utrilla P, 

Nieto A, Zarzuelo A, Rodríguez-Cabezas ME, Gálvez J (2011) The intestinal anti-

inflammatory effect of minocycline in experimental colitis involves both its 

immunomodulatory and antimicrobial properties. Pharmacol Res.63(4):308-19 

195. Mabley JG, Pacher P, Liaudet L, Soriano FG, Haskó G, Marton A, Szabo C, Salzman AL (2003) 

Inosine reduces inflammation and improves survival in a murine model of colitis. Am J 

Physiol Gastrointest Liver Physiol. 284(1):G138-44.  

 
 

 



   -116- 

 

 

 

 


	Ⅰ. Introduction
	A.Production, isolation and purification of biologically active compounds from Streptomyces strains
	B. Biological activities of active compounds 

	Ⅱ. Materials & Methods 
	A. Chemicals and reagents 
	B. Microorganism and cells 
	C. Animals
	D. Isolation and production of biologically active compounds from Streptomycessp. CS392 
	1. In vitro screening and isolation 
	2. Screening for antimicrobial activity 
	3. Taxonomic studies of Actinomycetes 
	4. Amplification and sequencing of the 16S rRNA Gene 
	5. Sequence similarities and phylogenetic analysis 
	6. Optimization of fermentation process 
	a. Carbon and nitrogen source 
	b. Minerals 


	E. Purification and quantitative analysis of compounds 
	1. Purification of active compounds 
	2. Thin layer chromatography 
	3. High-performance liquid chromatography 
	4. Spectroscopic analysis 
	5. Stability of compounds 
	a. Temperature stability 
	b. pH stability 


	F. Biological activities of compounds 
	1. Antimicrobial activity 
	a. MIC test 

	2. Antioxidant activity 
	a. Determination of nitric oxide scavenging activity 
	b. Reducing power 

	3. Anti-inflammatory activity of active compounds 
	a. Cell viability 
	b. Nitric oxide analysis and quantification of cytokine production 
	c. Western blot analysis 
	d. Assay of 12-O-tetradecanoylphorbol-13-acetate induced ear edema in mice 
	e. Assay of dextran sodium sulfate induced colitis in mice 
	f. Protein extraction from tissue in TPA induced mouse ear edema and DSS  induced colitis model 



	Ⅲ. Results 
	A. Production, isolation and purification of biologically active compounds from Streptomyces strains 
	1. Identification of the Actinomycetes 
	2. Optimization of fermentation process 
	3. Fermentation, extraction and purification of compounds 
	4. Physicochemical characteristics of Streptomyces sp. CS392 
	5. Spectroscopic characteristics and chemical structure of compounds 

	B. Biological activities of active compounds 
	1. Antimicrobial activity of active compounds 
	a. Antimicrobial spectrum of active compounds 
	b. pH and temperature stability of active compounds 

	2. Antioxidant activities 
	a. Determination of nitric oxide scavenging activity 
	b. Reducing power 

	3. Anti-inflammatory activity of active compounds 
	a. Cytotoxicity 
	b. Inhibition of nitric oxide production and iNOS expression in LPS-induced Raw 264.7 macrophage cells 
	c. Inhibitory effects of active compounds on the productions of pro inflamm-ammatory cytokines in LPS-induced Raw 264.7 macrophage cells 
	d. Inhibitory effects of active compounds on activation of NF-κB 
	e. Effects of active compounds on TPA-induced ear edema of mice 
	f. Effects of active compounds in in vivo models of DSS-induced colitis in mice 




	Ⅳ. Discussion 
	References 


<startpage>24
¥°. Introduction 1
 A.Production, isolation and purification of biologically active compounds from Streptomyces strains 1
 B. Biological activities of active compounds  10
¥±. Materials & Methods  17
 A. Chemicals and reagents  17
 B. Microorganism and cells  18
 C. Animals 18
 D. Isolation and production of biologically active compounds from Streptomycessp. CS392  19
  1. In vitro screening and isolation  19
  2. Screening for antimicrobial activity  19
  3. Taxonomic studies of Actinomycetes  20
  4. Amplification and sequencing of the 16S rRNA Gene  20
  5. Sequence similarities and phylogenetic analysis  21
  6. Optimization of fermentation process  21
   a. Carbon and nitrogen source  21
   b. Minerals  22
 E. Purification and quantitative analysis of compounds  22
  1. Purification of active compounds  22
  2. Thin layer chromatography  23
  3. High-performance liquid chromatography  23
  4. Spectroscopic analysis  24
  5. Stability of compounds  24
   a. Temperature stability  24
   b. pH stability  25
 F. Biological activities of compounds  26
  1. Antimicrobial activity  26
   a. MIC test  26
  2. Antioxidant activity  26
   a. Determination of nitric oxide scavenging activity  26
   b. Reducing power  27
  3. Anti-inflammatory activity of active compounds  27
   a. Cell viability  27
   b. Nitric oxide analysis and quantification of cytokine production  27
   c. Western blot analysis  28
   d. Assay of 12-O-tetradecanoylphorbol-13-acetate induced ear edema in mice  29
   e. Assay of dextran sodium sulfate induced colitis in mice  30
   f. Protein extraction from tissue in TPA induced mouse ear edema and DSS  induced colitis model  31
¥². Results  32
 A. Production, isolation and purification of biologically active compounds from Streptomyces strains  32
  1. Identification of the Actinomycetes  32
  2. Optimization of fermentation process  36
  3. Fermentation, extraction and purification of compounds  41
  4. Physicochemical characteristics of Streptomyces sp. CS392  45
  5. Spectroscopic characteristics and chemical structure of compounds  50
 B. Biological activities of active compounds  55
  1. Antimicrobial activity of active compounds  55
   a. Antimicrobial spectrum of active compounds  55
   b. pH and temperature stability of active compounds  57
  2. Antioxidant activities  61
   a. Determination of nitric oxide scavenging activity  61
   b. Reducing power  63
  3. Anti-inflammatory activity of active compounds  65
   a. Cytotoxicity  65
   b. Inhibition of nitric oxide production and iNOS expression in LPS-induced Raw 264.7 macrophage cells  67
   c. Inhibitory effects of active compounds on the productions of pro inflamm-ammatory cytokines in LPS-induced Raw 264.7 macrophage cells  69
    d. Inhibitory effects of active compounds on activation of NF-¥êB  71
    e. Effects of active compounds on TPA-induced ear edema of mice  73
    f. Effects of active compounds in in vivo models of DSS-induced colitis in mice  76
¥³. Discussion  82
References  95
</body>

