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-(D,L)-PGA, -Polyglutamic Acid -PGA
(Bacillus sp.) (glutamyl transpeptidase)

( -PGA) Bacillus anthracis

-PGA

-PGA -COOH -NH2

-peptide bond -PGA
-COOH (Conformational states)

(Chelating)
(binding)

(Coordinated ionic complex)

-PGA
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-(D,L)–PGA(gamma-polyglutamic acid, ) (1-3)
(biopolymers)

-D-PGA -(D,L)-PGA
-L-PGA -PGA ( -Polyglutamate hydrogels)

-PGA

( 1)

-PGA -PGA

-PGA

-PGA
-PGA

 

 

-PGA(gamma-Polyglutamic acid )  

- (gamma Polyglutamic acid, -PGA(
))

-PGA

-PGA
 

 



 

239 

1. -(D,L)-Poly-glutamic acid  
   

 
/  

 
 

 

 
 

  ,  
   

/    
  polyacryamide PAC 

  
 

 ,  /  
   

 LCD  
   

   
 

(polyamino acids)
-PGA

poly ( -L-lysine)( -PL) cyanophycin(CGP)

McLean
-PGA

(extracellular antibiotic agents)
(intracellular nitrogen, carbon and energy storage compounds)

Bacillus anthracis

poly-D-glutamic acid  
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-PGA Ivánovics and Eröds Bacillus anthracis

-PGA Bacillus anthracis

-PGA D-form L-form
(freely polymers)

Bacillus subtilis Bacillus megaterium Bacillus amyloliquefaciens Bacillus 

licheniformis -PGA (natto)
Bacillus natto -PGA fructan

 
-PGA

(homopolymer) D-form glutamic acid L-form glutamic acid
D-form L-form glutamic acid (enantiomers)

-amino group  -carboxylic group -amide linkage
poly - -glutamic acid  

 

1. -PGA Free form -PGA  
 



 

241 

-PGA de novo 
Bioconversion Pathway

L-Glu (L-Glutamic acid) Salvage Bioconversion 
Pathway L-Glu

( 2)  

 
2. -PGA ----Salvage Bioconversion Pathway  

 
-PGA -PGA

glutamic acid-dependent bacteria glutamic acid-independent bacteria -PGA

-PGA (solid-state fermentation)

(koji) Aspergillus oryzae

(Hölker and Lenz, 2005)
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(agro-industrial residues)

2008
Wang (soybean and sweet potato residues)

Bacillus subtilis B6-1
(e.g. lipopeptides) -PGA

(strians) -PGA
L-glutamic acid

pH -PGA 1954 Thorne
B. licheniformis ATCC 9945A -PGA

glutamic acid citric acid glycerol -PGA
medium C(20 g/l L-glutamic acid 12 g/l citric acid 80 g/l glycerol

7 g/l NH4Cl 0.5 g/l MgSO4 H2O 0.04 g/l FeCl3 6H2O 0.5 g/l K2HPO4)
Leonard Mn2+ -PGA

Ca2+ -PGA medium C medium 
E Mn2+ Ca2+ Bacillus

-PGA  
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