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Bioprospecção de 

Bioprodutos

Que são Bioprodutos?

Principais produtores

Funções biológicas



Produtos	naturais=	metabólitos,	
produtos	bioa7vos		

	
	sinte7zados	por	microrganismos		

	
	desemvolvimento	de	novos	

medicamentos	

Plantas, animais

Desenvolvimento de medicamentos
biorremediação, bioinseticidas, 

bioherbicidas



Metabolismo Primário:  aminoácidos-proteínas-
vitaminas-ácidos nucleicos-hormonios  

    
   Intermediarios   
 Ciclo Total  

 
 
 
Metabolismo Secundario: terpenos/
polícetideos/melanina/aminoglicosídeos/ B-
lactámicos 
          Ciclo parcial-fase 



Produtos	naturais	

Compostos	de	baixo	peso	
molecular	

	
An7bió7cos	
An7fúngicos	

Imunossupresores		
Surfactantes	

An7parasitários	
An7-inflamatórios,		

An7tumurais	
An7virais	
Herbicidas	
Pigmentos	

	

80%	agentes	
an7tumorais	e	50%	

dos	fármacos	
aprovados	pela	
FDA	são	produtos	

naturais	ou	
derivados.	

	



Adaptado	de	Hwang	et	al,	2014	

	
	

Grande	diversidade	de	
moléculas	

	
Policeydeos		
Pepydeos	no	
ribosomaiss	
Híbridos	

Aminoglicosídeos	
Terpenos		
Sideróforos	
Lan7bió7cos	
Bacteriocinas	
Bu7rolactonas	

Ectoínas	
	

Necesidade	de	
caracterizar	novos	
scaffolds	químicos	

	
		
		





Primary	and	secondary	metabolism	



Primary	and	secondary	metabolism	

Protein



https://revistafitos.far.fiocruz
.br/index.php/revista-
fitos/article/view/1313/956



Biological	Diversity	

h?p://comlmaps.org/oceanlifemap/past-present-future		 +																														-	

Biodiversity	



Gene>c	
Diversity	



Gene>c	
Diversity	

Biological	
Diversity	



Gene>c	
Diversity	

Biological	
Diversity	

Chemical	
Diversity	



Underexploited habitats of actinobacteria attracted more attention for microbial natural product discovery. 
Currently, oceans, deserts, mountains  and Antarctica  ranges together with hot springs and endophytes and 
symbionts  are focuses of the search for new bioactive compounds. 
 



All	new	approved	drugs	1981−2014;	n	=	1562	

B=	biological	macromolecule;	N=	unaltered	natural	product;	NB=	botanical	
drug;	ND=	natural	product	deriva7ve;	S=	synthe7c	drug;	S*=	synthe7c	drug	(NP	
pharmaphore);	V=	vaccine;	/NM=	mimic	of	natural	product		



Omics in Biotecnology





Desenvolvimento	de	Novas	Drogas	



Ac>nobacteria 
93% 

Ac>nobacteria 
60% 

Ac>nobacteria	
64% 

An>tumorals An>fungals Bioac>ves 

Fungi 
6% 

Fungi 
32% 

Fungi 
30% 

Bacteria 
Bacteria 

8% 
Bacteria	 

	
	

MICROORGANISMS and  BIOACTIVE 
COMPOUNDS 

1%	
6%	

6%	



What	are	an7bio7cs?	

•  Any	compund	able	to	kill	a	target	cell	

•  Secondary	metabolites		synthesized	
by	some	microorganisms	

•  Biological	ac7vity	



•  Bacteria	
	Gram	posi7ve	Streptomyces	
•  Fungi	
• Other	bacteria	

Who	are	the	main	producers	



Biological	func7ons	of	
an7bio7cs?	

•  In	the	producer:	
	Ac7vators	of	morphological	
differen7a7on,	UV	protector,	
communica7on	

	
•  In	the	target	microorganism:	
	Toxicity	

	



Figure	3		

Trends in Microbiology 2017 25, 280-292DOI: (10.1016/j.tim.2016.12.002)  

Different Ecological Roles of Bacterial Secondary 
Metabolites in Nature 



Diminishing	returns	in	finding	natural	products:	
Gene>cs	to	the	rescue?	



Lyfe cycle

Streptomyces spp. 

Gram-positive bacteria

Habitats: soil, marine environments, 
endophytic

Linear chromosome of ≈ 8Mb

High GC content (69-74%)

Biomolecules of interest for medicine, 
veterinary and agriculture



BIOACTIVE COMPOUNDS SYNTHESIZED  
BY ACTINOMYCETES			
	
ANTIBACTERIALS	 ANTIFUNGALS	 ANTIPARASITICS	

Erythromycin		
Tetracycline	
Gentamicin	

Amphotericin	B	
Nysta7n	

 

Avermec7ns 

IMUNOSUPRESSANTS	ANTITUMORALS	

Doxorubicin	
Mitramycin	
Bleomycin	

 

Rapamycin	
FK506	

INSETICIDES	

Espinosin	

HERBICIDES	

Bialaphos	

37	





Antibiotics classifications 
 
Origin: natural, semisynthetic, syntethic 
 
Chemical structures (11 groups) 
 
Biological Activity 
 
Spectrum of Activity 
 
Biological Target 





Total cell count 

Viable cell count  



Total cell count 

 

Viable cell count 



APPROACHES FOR SEARCHING  
NEW BIOACTIVE COMPOUNDS		

		NEW	UNEXPLORED	ECOLOGICAL	NICHES		

COMBINATORIAL	CHEMISTRY	

	
COMBINATORIAL	BIOSYNTHESIS		

Combina>on	of	genes	from	biosynthe>c	pathways	
	of	bioac>ove	compounds		

Libraries	of	compounds	from	chemical	synthesis	

Marine	organisms	
Amazonas	biodiversity	
Endophy>c	organisms		



Descoberta de novos “clusters” biossintéticos por projetos 
genoma

Nature 417; 141-147 (2002) Bentley et al.



General features of the Streptomyces 
genome

• Component of chromosome
Property

• Total size 8 667 507 bp
• Terminal inverted repeat 21 653 bp
• G+C content 72.12%
• Coding sequences 7825
• Pseudogenes 55
• Coding density 88.9%
• Average gene length 991 bp
• Ribosomal RNAs 6x(16S-23S-5S)
• Transfer RNAs 63
• Other stable RNAs 3



Antifungal - Anphoterycin B 
Streptomyces nodosus

Polyketide compounds 

Antibacterial- erythromycin
Streptomyces erythreus

Antituberculose- Rifamycin
Streptomyces mediterranei

Anticancer – Doxorubicine
Streptomyces peucetiusImunossupressor – Rapamycin    Streptomyces 

hygroscopicus



PKS I

PKS II           ANTITUMORAL 

ANTIBIOTICS   

PKS III 



Anthracyclines - Streptomyces
Basic structure
Compounds synthesized via PKS II

aclacinomycin A 

idarubicine



Anthracyclines
1950 Streptomyces purpurascens Rhodomycin

1958 Farmitalia - S. peucetius Daunomycin

1962 Rhône Poulanc Rubidomycin

1963 Anticancer activity

1965/ 70 compound renamed Daunorubicin
citotoxic
activity against solid and ascites tumors

1969 Daunorubicin analog adriamycin Doxorubicin
S. peucetius subs. Caesius

1974 APPROVED by FDA

MAIN PROBLEMS: toxicity cardiotoxicity
MDR (multiple-drug-resistance)         phenotype



(A) daunorubicin (daunomycin). (B) doxorubicin (adriamycin)

Structures of the anthracyclines:



Anthracycline biosynthetic clusters

sno- gM   gL     T          N       aF   O  aL2    gE      W    gD    K  aL    gK      gC    gG2   gN  aM  gA        gJ      gI                gH   gG        gF   aE    aD     aC     aB     rA                  a1     a2      a3   gX     gY       gZ  rO

20 kb

Nogalamycin (sno) - Streptomyces nogalater

Daunorubicin

estefiimycin

Estefimycin (stf) - Streptomyces steffisburgensis NRRL 3193 [

Doxo/daunorubicin  (stf) - Streptomyces peucetius 

aknN           aknO    aknP       aknQ  aknR     aknS      aknT   aknU                 aknX2 aknY                    aknM  aknL  aknK  aknE1  aknA  aknX  aknB  aknC  aknD               aknE2  aknF aknG  aknH    aknI

14807 bp 13533 bp

aknV  aknW                           aknZ

Aclacinomycin (acl) – Streptomyces galilaeus

Aclacinomycin

PKS minimal Aglycone
Glycosiltransferase ResistenceRegulator

Sugar biosythesis/modification Unknown  



(A) daunorubicin (daunomycin). (B) doxorubicin (adriamycin), and (C) Csmomycin D purified
from Streptomyces olindensis ICB20.

Structures of anthracyclines:



Streptomyces olindensis

A. Wild Type

B. SOV 1

C. SOV 2

D. SOV 6 

E. SOV 16 

F. SOV 30  

A

C D

E F

B



ICB 20ICB78

S. olindensis (Wt)

Streptomyces olindensis 
DAUFPE 5622



Seven major fractions: FP1-FP7

concentration (mg/L)

FP2: 37.6

FP3: 8.1

FP4: 11.5

FP5: 11.6

FP7: 11.8

HPLC elution profile for supernatants from
S. olindensis ICB20



Cosmomycin D purified from Streptomyces olindensis ICB20.

MW 1189

ß- rhodomycinone 

aglycone



Anthracycline mechanisms of 
action:

1. Non covalent intercalation with DNA ( L)
2. Formation of DNA aducts and “cross- linking”

3. Topoisomerase II inhibtion

4.  Inhibition of DNA and RNA synthesis

5.  Free radicals formation 

6.  Apotosis induction



Gel mobility shift assay comparing migration of complexes.
(A) 1. Standard DNA ladder. 2. Control pUC18. 3. DAU (10 ng/ml). 4. DOX (10
ng/ml). 5. FUR (10 ng/ml). 6. Control pUC18. (B) 1. Standard DNA ladder. 2.
Control pUC18. 3.-9. FP1-FP7 (all at 5 ng/ml). 10. Control pUC18.

Biotechnology Letters  (Furlan et al., 2002)


