Production of y - poly-glutamic acid by microorganism isolated from soy sauce
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ABSTRACT
Poly-y -glutamate (PGA,) is water soluble, biodegradable, edible and non-toxic toward humans and the environment. It has potential
application in the field of food, cosmetics, medicine, and environmental. Therefore, the development of this material is both
environmentally and economically valuable. A bacterium, strain C1, capable of PGA production was isolated from the soy sauce. It
was Gram-positive, catalytic, aerobic, and formed spores in the presence of Mn2+. The 16S rDNA (ribosomal DNA sequence) and
Microbial Identification System of the isolated strain showed similarity of 97% to that of Bacillus subtilis C1. The study of nutrient
requirement for Bacillus subtilis C1 showed that the C1 strain is glutamate-independent bacteria that does not require L-glutamic
acid for y -PGA production, contrary to many y -PGA producing bacteria reported previously. In contrast, the citric acid and
glycerin were essential for biopolymer production. Accordingly, Medium T2 composed of citric acid (22g/L), glycerin (170g/L),
NHA4C1 (7.0g/L), MgSO4[0 7H20 (0.59/L), K2HPO4 (0.59/L), and CaCl20 2H20 (0.15g/L) was chosen for the biopolymer
synthesis by B. subtilis C 1. After incubation for 6 days in Medium T2 at 3700 , 150rpm, pH=6.5, the biopolymer reached a
maximum of 21.44g/L. The number-average molecular weight (Mw) of the product was determined by gel permeation
chromatography and found to be over 1x 107. The 6N HCI hydrolysate of the purified viscous material was composed solely of
glutamic acid. The phenol-sulfuric acid method showed that the polysaccharide contained less than 1% (w/w) of total sugar.
However, the H1-NMR spectra indicated otherwise. The chemical shifts in ppm, 1.8-2.1 (m, B , 2H), 2.3-2.4 (b, y , 2H), 4.1-4.2 (b,
a , 1H), and 7.8 (N-H) corresponds to the peak position of authenticy -PGA previously synthesized. In addition, the chemical shifts
in ppm, 3.50-3.54 (dd, 2H), 3.60-3.63 (dd, 2H), 3.72-3.77 (m, 1H) corresponds to the peak position of glycerol. The glycerin could be
removed after the product was hydrolyzed in 0.5% HCI solution (15000 , 30 min), suggesting that the product was a glycerin
conjugated y -PGA derivative. The glycerin-conjugated y -PGA derivative is unusual in that no such material has ever been
reported in the literature. We have also shown that the molecular weight of the biopolymer decreased with the increased salt
concentration in that biopolymers of comparatively low molecular weight were preferentially produced under high saline conditions.
The molecular weight were decreased by a factor of approximately 10 from 7.94 to 0.73 dalton for cultures at 4 day cultivation time
which contained 0.05% and 5% NacCl, respectively. In addition, the stereo-chemical compositions determined by HPLC with a
CROWNPAK CR(+) column showed that the D-glutmate content was indifferent to the Mn2+ concentration under study, a
phenomenon contrary to that of many y -PGA producers.

Keywords : poly-y -glutamate ; soy sauce
Table of Contents

D000 00000ooiiooo0vODOOviiOOxOOxiO0OO xwOOOxviidO OOO0OO0O0OO0O0OO 10
0000001000 00003000000005000 0000d(y -Polyglutamicacid0 000005000 OO
0000000 800 Bacillus licheniformis ATCC9945a 8 [0 [ Bacillus subtilis IFO3335 15 [ O Bacillus subtilis IFO3336 19 [
O Bacillus subtilis O chungkookjang 21 [0 O Bacillus subtilis TAM-4 24 00 O Bacillus licheniformis A3525 0 00 OO0 OO0
000000 0000000 270000000000 000000O 2800000000000003000000
OO00000O00@omaterialD 00 320 000000000000 3200000000000 3300000000
00034000 000000034 00000033000000 330000000 34000003000000

00000000000 300000000000000041 000 0000000000000 4400000 44
000000000044 0000000000046 000 000048000000000000CDGGOCOOO0O0O
0040000000004 0000000000NMROODO 40000005000000000000 5200
0000000000005 000 000005000 0000000005000 0000000000000
coeo00000DOOOO0eOOOI0DDOOOODOOOODOOGIOOLODODOO0ODODOOOOOOG4O0ODO
OOGlycerinD 0000000000 G6O0O0O0OOCitricacid000 00000000 OI00OOO0O0ODOOOOO
OO0007100000000000000730000000000000000O0700L-00000000000

OO0 7700Biotin0 0000000000 78000000000000000D00O0 79000 0000000000
00810000000 8lUI0D0OC00O0UOO0OO0ONMROOD 810000000 800000000 O0OOOO 85



O0ONCIOOODOODOO0ODOODO 8800000 bO0bOOoDO0bOOoobOObUo 0O ODobDOoDb91bUoOn
95

REFERENCES

1. 00002010 00000000000000000000000O000 0000D00O 2.AbeK, ItoY, Ohmachi T, Asada Y (1997)
Purification and properties of two isozymes of y -glutamyltranspeptidase from Bacillus subtilis TAM-4. Biosci. Biotechnol. Biochem. 61:1621-1625.
3. Ashiuchi M, Tani K, Soda K, Misono H (1998) Properties of glutamate racemase from Bacillus subtilis IFO 3336 producing poly-y -glutamate.
J. Biochem. 123:1156-1163. 4. Ashiuchi M, Soda K, Misono H (1999a) A poly-y -glutamate synthetic system of Bacillus subtilis IFO 3336: gene
cloning and biochemical analysis of poly-y -glutamate produced by Escherichia coli clone cells. Biochem. Biophys. Res. Commun. 263:6-12 5.
Ashiuchi M, Soda K, Misono H (1999b) Characterization of yrpC gene product of Bacillus subtilis IFO 3336 as glutamate racemase isozyme.
Biosci. Biotechnol. Biochem. 63:792-798. 6. Ashiuchi M, Kamei T, Baek DH, Shin SY, Sung MH, Soda K, Yagi T, Misono H 0 200100 Isolation
of Bacillus subtilis O chungkookjang , a poly-y -glutamate producer with high genetic competence. Appl. Microbiol. Biotechnol. 57: 764— 769.
7. Birrer GA, Gromwick AM, Gross RA (0199400 y -PolyO glutamic acidCI formation by Bacillus licheniformis ATCC9945A: Physiological and
biochemical studies. Int. J. Biol. Macromol. 16:265-275. 8. Bovarnick MO 194200 The formation of extracellular DO -0 glutamic acid polypeptide
by Bacillus subtilis. J. Biol. Chem. 145:415-424. 9. Cheng C, Asada Y, Aaida T O 19890 Production of y -polyglutamic acid by Bacillus subtilis
A35 under denitrifying conditions. Agric. Biol. Chem. 53:2369-2375. 10. Cromwick AM, Gross RA [0 1995a[1 Effect of manganese(Cl ) on Bacillus
licheniformis ATCC9945A physiology and y -poly(glutamic acid)formation .Int.J. Biol. Macromol. 16:265-275. 11. Cromwick AM, Gross RA

0 1995b0 Investigation by NMR OF metabolic routes to bacterialy -poly(glutamic acid) using 13C labeled citrate and glutamate as media carbon
source. Can. J. Microbiol. 41:902-909. 12. Fujii H 00 19630 On the formation of mucilage by Bacillus natto. Part| | | . Chemical constitutions
of mucilage in nattol 100 . Nippon Nogeikagaku Kaishi 37:407-411. 13. Goto A, Kunioka M 0 19920 Biosynthesis and hydrolysis of Poly(

y -glutamic acid) from Bacillus subtilis IFO3335. Biosci. Biotechnol. Biochem. 56:1031-1035. 14. Guex-Holzer S, Tomcsik J (1956) The isolation
and chemical nature of capsular and cell-wall haptens in a Bacillus species. J. Gen. Microbiol. 14:14—25. 15. Hanby WE, Rydon HN (1946) The
capsule substance of Bacillus anthracis. J. Biochem. 40:297-309. 16. Holzar H 0 19690 Regulation of enzymes by enzyme-catalyzed chemical
modification. Adv. Enzymol. 32:297-326. 17. Ing-Lung Shih, Yi-Tsong Van 0 20010 The production of poly-0 y -glutamic acidd from
microorganisms and its various applications. Bioresource Technology 79:107-225. 18. Ito Y, Tanada T, Ohmachi T,Asada Y 0 199600 Glutamic
acid independent production of Poly(y -glutamic acid) by Bacillus subtilis TAM-4. Biosci. Biotechnol. Biochem. 60:1239-1242. 19. lvanovics G,
Bruckner V [0 19370 Chemishe und immunologische Studien uber den Mechanismus der Milzbrandinfektion und Immunitat; die chemische
Struktur der Kapselsubstanz des Milzbrandbazillus und serologisch identishen spezifischen Substanz des Bacillus mesentericus. Z Immunitatsfordch
91:304-318. 20. lvanovics G, Erdos L [0 193700 Ein Beitrag zum Wesen der Kapselsubstanz des Milzbrandbazillus. Z Immunitatsfordch 90:5-19.
21. Kubota H, Matsunobu T, Uotani K, Satoh A, Tanaka T, Taniguchi M 00 1993al0 Production of poly y -glutamic acidC] by Bacillus subtilis
F-2-01. Biosci. Biotechnol. Biochem. 57:1212-1213. 22. Kubota H, Nambu Y, Ento T 0 1993b0 Convenient and quantitative esterification of
polyd y -glutamic acidC] produced by microorganisms. J. Polym. Sci. Part A Polym. Chem. 31:2877-2878. 23. Kunioka M [ 199500 Biosynthesis
of Poly(y -glutamic acid) from L-glutamine, citric acid and ammonium sulfate in Bacillus subtilis IFO3335. Appl. Microbiol Biotechnol.
44:501-506. 24. Kunioka M 0 199700 Biosynthesis and chemical reactions of poly(amino acids) from microorganisms. Appl. Microbiol. Biotechnol.
47:469-475. 25. Leonard CG, Housewright RD, Thorne CB [0 195800 Effect of metal ions on glutamyl polypeptide synthesis by Bacillus subtilis. J.
Bacteriol. 76: 499-503. 26. Leonard CG, Housewright RD, ThorneCB O 195801 Effect of metal ions on the optical specificity of glutamine
synthetase and glutamyl transferase of Bacillus licheniformis. Biochem. Biophys. Acta. 62:432-434. 27. Nagai T, Phan Tran LS, Inatsu Y, lItoh Y
(2000) A new 1S4 family insertion sequence, 1S4Bsul, responsible for genetic instability of poly-?-glutamic acid production in Bacillus subtilis. J.
Bacteriol. 182:2387-2392. 28. Ogawa Y, Yamaguchi F, Yuasa K, Tahara Y (1997) Efficient production of ?-polyglutamic acid by Bacillus subtilis
(natto) in jar fermenters. Biosci. Biotechno. Biochem. 61:1684—1687. 29. Ontni Y, Tabata Y, Ikada Y [0 19960 A new biological glue from
gelatin and poly(L-glutamic acid). J. Biomed. Mater. Res:31, 157-166. 30. Ontni Y, Tabata Y, Ikada Y 0 199600 Rapidly curable biological glue
composed of gelatin and poly(L-glutamic acid). Biomaterials. 17:1381-1391. 31. Perez-Camero G, Congregado F, Bou JJ, Munoz-Cuerra S J 1999
O Biosynthesis and Ultrsonic degradation bacterial poly(y -glutamic acid). Biotechnol. Bioengin. 63:110-115. 32. Stadtman ER O 19660
Allosteric regulation of enzyme acticity. Adv Enzymol. 28:41-154. 33. Tanimoto H, Sato H, Kuraishi C, Kido K, Seguto KO 199500 High
absorption mineral-containing composition and foods. US patent 5447,732. 34. Tanimoto H, Sato H, Karasawa M, lwasaki K, Oshima A, Adachi
S 0200000 Feed composition containing poly-y -glutamic acid. JP. Patent W0O96353399. 35. Tanaka T, Hiruta O, Uotani K, Oi S [0 199300
Purification and characterization of poly(l y -glutamic acidl] hydrolase from a filamentous fungus, Myrothecium sp. TM-422. Biosci Biotechnol
Biochem 57:2148-2153. 36. Tanaka T, Fujita K, Uotani K, Taniguchi M O 199700 Existence of an optically heterogeneous peptide unit in poly
y -glutamic acidd produced by Bacillus subtilis. J Ferment Bioeng 84:361-364. 37. Thorne CB, Gomez, CG, Blind GR, Housewright RDO 1953
O Synthesis of glutamic acid and glutamyl polypeptide by Bacillus anthracis. | | 1 . Factors affecting peptide production in synthetic liquid
media. J. Bacteriol. 65:472-478. 38. Thorne CB, Gomez CG, Noyes HE, Housewright RDOJ 195400 Production of glutamyl polypeptide by
Bacillus subtilis. J. Bacteriol. 68:307-315. 39. Troy FA O 19730 Chemistry and biosynthesis of the poly(y -D-glutamyl) capsule in Bacillus



licheniformis. 1. Properties of the membrane-mediated biosynthetic reaction. J. Biol. Chem. 248:305-316. 40. Yokoi H, Natsuda O, Hirose J,
Takasaki Y 00 199500 Characteristic of a biopolymer flocculant produced by Bacillus subtilis PY-90. J. Ferment. Bioeng. 79:378-380. 41. Yokoi H,
Arima T, Hirose J, Hayashi S, Takasaki Y 0 199600 Flocculation properties of polyd y -glutamic acidCl produced by Bacillus subtilis. J. Ferment.

Bioeng. 82:84-87.



