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ABSTRACT

For the production of biodegradable polymers from microorganisms, a bacterial strain producing a
biopolymer was isolated from soil. The bacteriological characteristics of this strain and physicochemical
properties of the biopolymer produced were investigated. The bacterial strain was identified as an
alkalophilic Alcaligenes sp. The purified biopolymer treated with cetylpridinium chloride and acetone
was identified as an acidic biopolymer having carboxyl groups and showed strong UV ahsorbance (at
210nm). The biopolymer was composed of 100% glutamic acid and glutamic acid existed as y-
polyglutamic acid{»—PGA) in the form of the y—peptide bond. The equivalent weight of this y-PGA
was estimated about 350, indicating that one acidic fraction per 2.7 residue of y—polyglutamic acid ex-
isted. The molecular weight was 6.5 x 10° Daltons.
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F bl #7449 v o] BajEs AR
A 3-822H biodegradable polymer)7} 37 %
#H(load) & FA %+ 2L & AE2A A
F54A =Hdch(14).

A Qrhde] He F2 BAEHY i
A adA, FAE fae A 28R 2 vlPE
o BEIEA § 3FoE o} g dARL $A
FEAE &4 A7l ofy, A iRy A
= Ade fAY FHo] U ¢, A4

209

o AFAHE 2= el gl 2B E njQ g
o3 AEHY 2R} 53] FEHD e, F
& d7ide] Ha e vjgEd] 3 YEHA
EAle = EeldAEAl9  poly-A-hydroxybuty-
late( PHB), ©}3FA1¢} pullulan 2 Z2]#elol=
A9} polyglutamic acid $¢] 9JcH(1, 5-9).

°]% polyglutamic acd(PGA)x F& F4AF
©24 19069 Leuchs(10)e] 93 FaHe] wA
oj? o}u]izAte] phosgen(COCL)& ZH-EA1AA o
oJxl= N-carboxyl-e-amino acid ¥5%9 /Mg
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Z, 4, 4 2 A3 7|xdy s 4 3
o] $th(10, 11). o] F EAL F2 pepsin 5 7}
s 2409 7)1AR o8- glen, PGAY ty-
rosine 59¢] copolymery HWAYXE Fr}7)7 Ak
A3 24A9 &2 ribonucleases] W3 A&
£ 7MY, E, 3RAF ook Qo= dE e A%
e Fole BIARAMY 715M0] WA 9gd
e 4xx 7t dck(10, 12). 53], 80
thol] Eojolr= ks APFal 7 2EA
A7 2R #dde] AAAE, 71 BA, =
A5, AVIANE Fo2A FE=o gt d3v}
ANEI s ARITH(10, 12, 13).

o]¢} 7to] polyglutamic acide= FAHoZ dn
ot olAdEe] s HE polyglutamic acid7} A
A= Aol dyzly, 53, #AE 3
polyglutamic acidt Yo E dojzl A= @
2 y¥ A9 carboxylic acid7} amide 23S & y-
polyglutamic acid(y-PGA)S AAksl= 7oz 4t
- 14-17).

A7t y-PGAS Ao 2A dejAl 45
2% Bacillus 4 #5]t}(15, 18-28). ¢|% Bacil
lus subtilis var. polyglutamicum™ro} glucose 59
B4l Frldfate® 8 wi xSl A AAswA
y-PGAE AAs1s, 2 99 &2 r-PGAAA L
—glutamic acidg "o o] Lz U}(15,
18-28).

o]e} zro] Bacillus roll ghale] Aats]= 7102
4237 y-PGAE RS 71 # ofvel A
of thgh HAe] ¥u, v & spAeR PAF 5
de 5 AEARAY i SAS AYuE gte
2 QRN 282 2AdTo] g g Ao
2 AZE 3 Qi) gepd dBeMe T y-PGA
o] & a el HEHT glen, A
UE KH FFolA e]u] AFFAMNFAZA Al
3719 o]235]3, Ajinomoto( #k )l A= 2}AEel 2]
SrpS Pst Q= AAetH(10, 29).

2 yPGAY AL olxn EEHF Aol
By, w, YAFE Bacillus & FFout FAE o]
Bacillus % #F 0]9]9] »-PGA AAFF gAe
3t o]59 54 9 2AEAY JFeAE weEle
47 5 FES HEr) das).

2 AT Al AEIERS] Ytz o9 7]
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AgAT, 1 Bt 4% TEsel ro

ore 22| d BE

37elA vlE o) elg w2 B Akiba
5(30)9] WIS ARgste] A TaelA AHF
Ecko 2y skl 4FE ERlEkch olF
SAfekl A HEAe) HRAEE WA 3TFE
12 ek asr, ofA] AAulekoll 4] ufokel o] H Aol
- =2 Y FFE Ak Eaeat Aat
TFE et 28] ¢ Akiba §(30)9 A
Abduf Rl A 30CE 12417 kgt F, 4°CellA
BEgon, 4F ot} Aeigstict.

HfX[Z=Y 3 =X

2 Agel AMgg ZEtaa v @ HES wiA
= glucose 10g/4, polypeptone 5g/¢, yeast ex-
tract 5g/4, K,HPO, 1g/¢, MgSO, - 7TH,0 0.2g/
¢, 283 Na,CO: 10g/¢ o} £4¢ 7+ wlA|(pH
=10)e]n, 121°CollA 1583} 715} =D#ste] A4
stodct. o)) Tx s} Na,COye= 7z B2 s
o Ago® YA oy vl E¢sidlen, B
£ uix]9] pHE "4 F 2N Na,C0; =+ 2N HC
& AHg-3le] A3

HY 2B

AT Eehaam e 4F5 wiA 20mE
i3 100ml Azt Zepaz0) WFolR 13 HF
313, 30°CellA 124)7F Alebufekstdy, WA} 50mi
& g 250ml 4t Febazel 3%(V/V) AHE
g 3, 30°ColA 120rpme.2 247k Ak wjokal
o}, Eeta3 ekl 2649 jar fermentor
(Maru-bishi MD-250 )ol| % &5}e] 3| u)joks}aic]).

Sal@Fo| Za MU

qed QAL Gram 94, EA4L 27 A
(31)oll w2} sz WrlAez Adske) DAY
o, @, MRS AF 2 o] o) F5)
ool e HEa, colony Hel, ARE 2 viwe]
A wlepte) B4 5 vgkaiRA Baay
T, deld B4 Aol wet 25 Agetd Alg
9 4% pHel LxwelE Sdste] AAaan
(31).
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F A ool 5 = 102 348} spec-
trophotometer( Spectronic 20, Milson Roy Co.)&
660nmeil A2 F3 & &Aste] Talgc).

wjofol Fo Frero Fri= DNS(dinitrosalic-
ylic acid)¥ % glucose—oxidase®, 28]z AZe
phenol-sulfuric acidje.& 7zt =ekslalc(32,
33).

AEDEALe] A Auk-3-2 Anthronedhs, Fehling
Hke- Seliwanoffik-g-, Elson-Morgan®t-S, Carba-
zole—8H1hikS-, @ @ & —AH ukg- 2 Ninhydrindhg-
< AAW(38, 39) wet HAAA BFsH}. Glu-
cosamine Elson—-Morgan®HH( 38, 39)o] 2J3}o
12]3 glutamic acid= paper chromatographyt
(41)o.2 A3}, of&#] 7Eal F o]2wsh
Al 23] 23 7 A8 Whatman No.lo
A AHEElY] o8] F7]EFHE SvlolA Absde
2 16~18217F AN A FHom, FAEs oln|ngte
n—butanol-pyridine-H.(X6:4:3, v/v) &=lAl|A]
A& F, FHAste] d7le]Al silver nitrater|Qr
1 B A &lsldch. obu]AkE isopropanol
—acetic acid-H0(75:15: 10, v/v) Sl Aol 4 =7
T ¥, 0.25% nihydrinA]eks £5-310) 150°C ol 4]
TEZ AR A galstgict

38, UV/VIS & spectrume AAA2(Na*
3 H'¥)E S759 24pg/mislAl £34)A
UV/VIS spectrophotometer( Perkin—Elmer 552S)
2 190~500nm HEANA FABLe A3t4c}. IR
spectrum? IR spectrophotometer( Y% 32
A JASCO A-3)5 AH&-3led 200-4000cm™'e)
elld HAsen, A8 KBrAAyoeR x4
stk €9, 944842 element analyzer( Perkin
—Elmer 240-C), 18]z PMRE& A£& DMSQd)
43414 JOEL FX-100 NMR& AH4-3te] 233}
et

%3} o=k Scotte] spectrophotometry®(42)
287 ¥zp2 gel chromatography( Sephadex G
200 column: 25x80cm)d] <& Constant-
opoulos(43) 59 el F8te] ZAs et Ea)
F 2] ZFF o= Exlgke] A= g 3F9
dextran¥} sucroses A48t

YEDEA ] F2| ¥ A
okt e 2] EM3tx 9,000xge] YAHoE
6087 et TAE A . A5l
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5% H909 acetoned AH7}slo] IMbE o g FHAo
HA A ARA ARAE Al o)F £5
off Fof AFrloA Lol & AAZ F, 0.05torrell
A 24247} FAHAZS} crude biolymers ¢1¢]ch.
Crude biopolymer= gel chromatography
(Sephadex G-200, column: 2.5%X80cm) % ion-
exchange chromatography( DEAE—cellulose, col-
umn: 2X50cm)E F-83}¢y, Fig. 1dl4e} 7o)
CPC( cetylpyridinium chloride)$} acetoneo. 2 3
2lgt F, AN} AAAER $}HcH 34-37).

Crude biopolymer
dissolution in water
heating at 80°C for 20 min.
Centrifugation
(at 9000 X g for 30min.)

l

Supermatant

|

Addition of cetylpyridinium chloride

Keeping 30°C for 30min
|| centrifugation{ at 600 x ¢ for 10 min.)

Sm)elmatant Precipiation
washing with water dissolving
in 1M CaCl, or 1M NaCl treatrrent

| with two volures of acetone

Collection

| disolution n water

D]aJYSiS

Freese drying

(at 0.05 torr for 24 hrs)

i i dissolution in water
Na* form hiopolymer ~ Amberite R-120( HY)
ion exchange
Freeze drymg

l

H* form biopolymer

Fig.1. A purification procedure of biopolymer.
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sk, AAAEE IN HSOZ 100CelA 847
#2383t BaCO:2 F3hstel AEesslT,
Amberlite IR-120(H" )2 =g ohg 23 553
of 7prEd AR 3hgict.

MBsIM DEX MM 3o Fe2| ¥ 22l
e ME

Relde] wjeksAl 3 dejd e Table 13
7.

Z4(pH 7)ol4)= Ao #asA] dghor} o
7] (pH 10)9] A= 25 B&34L, S
5], pH 109 Glucose—nutrient & vj=|e)A]2] A
$o] 7}A }zstglom, wjekr|zke] ATl uiz}
AAES YAstele}. =, Fejdhs So 2 7t
olgli, A 37|H R $5AE 7HAH, HAEA
v gAsta) otz wEe @ Gram &40
t}.
gl Ae]d AL Table 200142} 2ol &% 15
-48°C 2 pH8-13ell4 Ago] 7}5dted $29 3
st F59 EXS Jeislx, 7% NaCle
%% WA AE A5 4 9lslen, Litmus milk
uk2 o4 alkaline¥t-2-2 vrehliglct. =3F, oxidase
2 catalase BH-ollA) oFAJENS-& B, bd e

Table 1. Morphological and cultural characteris-
tics of the isolated strain.

Test Results
Gram staining Negative
Shape Coccal rod
Mortility Motile
Nutrient agar(at 30°C for 24—48hrs)
Pigmentation White color
Form Irregular
Margin Lobate
Elevation of growth Raised
Nutrient broth - Sediment
pH7 pH10
Glucosenutrient agar - +++
Glucosenitrate agar + ++
Glucose—asparagine agar - +

+ 4+ +: Good growth, + +: Moderate growth,
+: Poor growth, —:No growth
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Table 2. Physiological characteristics of the iso-
lated strain.

Test Results
Catalase activity Positive
Oxidase activity Positive
Oxygen requirement Positive

Voges—Proskauer test Negative
Cabohydrate fermentation
No acid and no gas: Amylopectin, dextrin, fructose, glyc-
erine, glucose, galactose, inulin,
maltose, sucrose, mannitol, starch,

sorbitol, xylose, lactose, mannose,

raffinose
Casein hydrolysis Negative
Gelatin liquifaction Negative
Starch hydrolysis Negative
Citrate utilization Negative
Nitrate reduction Negative
indole production Negative
HaS production Negative
Methyl red reaction Negative

Polysaccharide production from sucrose ~ Negative

Tween 80 hydrolysis Negative
Litmus milk reaction Negative
NaCl tolerance <7%
Urease production Negative
Oxidation—Fermentation test No action
Growth temperature('C) 15—48
Growth pH 8—13

Al g BEe oA Abe) A4 % gas Y #
=7 skt

o]2]3t AL Bergey's manual(44)e] <3l
7% A3}, Alcdligenes® #59 43 =i +
Abetact. weta 2 45 Alcaligenes% o] ¥ &
#2 FAsoen, &, 4 pHelAe A&l 9
1, 47kl pHol Ao Age] Faq Hog o}
sstEld 454 Ao Agaddct

MEnEXle| 22| M|

Sephadex G-200-% ©]$3}9] crude biopolymer
¢ gel chromatography S #§ A3+ Fig 29 2
o}
Fig. 2014 ¥ wle} zo] Fr-13 Fr-119 ¥
peak A% o2 H3 g o] crude biopolymert ¥%}



Vol.8, No.3

Fr11
0.8}

0.6F

Absorbance

0.4[~

0 L
o 20 40 ] 80 100

Tube number (5ml/tube)

Fig. 2. Fractionation of crude biopolymer by gel
chromatography on Sephadex G-200{(col-
umn size:2.5 X 80cm).
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Fig.3. Ion-exchange chromatography of Fr-I on
DEAE-—cellulose(column size :2 X 50cm).

Azt A2 o 259 £3Ee Aeg A
t}. Fr-1 & blue dextran 2,0002} void volume $
Aol 4 £53te] uEA} BAE Ydsglen, b
2o oFAo)i peptide bondell @3k 210nm
o] 2pA g 7 Frdhe A Jehigdo bt
. Fr-11+& sucrosest Bl&d 5% $)A|A
£33l AEA 242 kg9 oA o)t
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Fig.4. Gel chromatography of cetylpyridinium
chloride precipitate on Sephadex G-200
(column size: 2.5 % 80cm).

g8, Fr-1 ¢ DEAE-cellulosec]&- 3 chro-
matography S #% Azb= Fig 3ol 4¢} zbo] &%
F 2 e} o] 3o A AEL FoR
2878 Zh= A2l m¥atel Ao g A7hEdct.

Fr-1%3 Que A4 A47)%5 z2he Aoz A
7E|glon2 o]E #aldlr] a4 crude biopo-
lymerE CPC(cetylpridinium chloride)® )2]3}31
ow, 1 A} crude polymers FAEF} A5Ho
2 HejEly, CPCete] #HE3AE Box of ¥
A= oyl Soled EAE ZHe AN TEAYE
geldt 4 oglch o}g3 CPCAAES} A45d%
77t DEAE—cellulose ©]33 chromatography
3 45} CPC AAEL Fr-1 %8+ 28z CPC
Ao Fr-IIE87 A&7 A2 dxste4 Fr-
[ 33 A¥o] chy} ol 2t A 2EA 5,
iyl aEA AfALL & 4 st ®, S
¥ AR E 7t whd, AASAL A o] wiy Yo}
A B FEd ofs AAEE AETEAL] HAe
N Faql ¥ CPC IAE = Fr-1 4%
Res AzrEct.

ols} 7re] CPCAHER AHAZ AMIEA = Sep
hadex G-2009] 2|§ gel chromatography] 23}
(Fig. 4), 798 ¥A=k ¥ o peak#¥&
viehfo] gel od3tol 23 S Boch. webA
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crude biopolymerg CPC(cetylpyridinium chlo-
ride)¢} acetoneo 2 2§k ¥, TAAZS}] A
A8 & sk Fig 1 &2).

MY WEDEX 0]515tA MAH

HAXE Y ol9) shpial AlEo) gk WA wp
o9 Zst= Table 35 2},

AlE W5 o] ok A4 ukeql Anthronedhe
A FAE el o] &5t ke my
2, AMd3(uronic acid), ketose 2 hexosamine’s
EANEA A ez BAHAG. 2eh} nrprn
3 AHAAE+= Ninhydrin? Biuretihol4] m%
S0 gl g HAe-S vehyx] oo
Wb, 7138l A&+ Ninhydrinthgol 4] ek o g
Ueht 7kl 2 ofujiAlolu} peptideid o] &
215l B}

m2bA] CPCAAE S TAXELS ool B 7] 9sto]
7rEAES ol XS A 2 Fefsla paper chro-
matography3t 23, 130 2 el 2= okg)x)ul
glutamic acidgte] &= leny, 1 FJake o 98
% °]3ic}.

g, H 3o AAA gl it Yrtaie] Az
A= C, H 9 Nieto] 7b2t 46.60, 545 2 107
%°l3ct. olF o RE A4 C:H:0:N9 #)
2 5:7:3:1(46.6/12:55.45/1: 37.16/16:10.79/
14)24) glutamic acid(CH,ON), %7 2zjeke
129% 8] Alabslw, 2+ C, H 2 N9J A&zt o)
E8ke) oF 9%l sidatsict. webd A)g 1A}
+ glutamyl polypeptide ®=+= PGA( polyglutamic
acid)2 gt QzhEgic).

3, Fig. 5oll4] 2= njo} 7o) HA|Alg 733}
+ H" 4 Na*¥ 25 UVES spectrumell 4] pep-
tide bond-ref 9] Ut7) F42 v, 2eh} Fig

Table 3. Color reactions of the produced bio-

polymer.

Test Purified biopolymer Hydrolysate
Anthrone reaction Negative Negative
Fehling reaction Negative Positive
Seliwanoff reaction Negative Negative

Elson—Morgan reaction Positive Positive

Carbazole-Sulfate reaction Negative Negative
lodine reaction Negative Negative
Ninhydrin reaction Negative Positive

Korean ]. Biotechnol. Bioeng.
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Fig.5. UV-VIS absorption spectra of Na'-form
(a) and H*-form(b) of Fr-1.
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" "
5000 2000 1400 800 300

Wavelength(cm ™)

Fig.6. IR spectra of Na' salt form(a) and H*
form(b) of Fr-1.

69 IR spectrumellA: Na' 93 H*3o] t}E of
A& Boja H'¥a 74+ OH & NHY Eo
Aal 3,400cm ™ol A 9] 73 F4, caroxyl’] f3
9] 1,725cm " H-Zol| 49 F29} amide 1 9 73}
F4¢ 1,630cm™ 2 amide 119 1,530cm '9] 7
g FTE veplglct. wb, Natdel A= car
boxyl7] fre¢] 1,725em™ HZelA9 EF571 ¢
3, carboxyl?]7} AAHRE 24 w AFEHE 1,
600, 1,400cm™ ¥4 F55 ehfdc}. S,
Na* 89 7$-= COONa—COO 9 Zdo] 93 1,
725cm™Y F971 20z, 1,600 2 1,400cm™
2 Fod=e] E733 PuE Yl o Az
etk o)d UV 2 IR &5 E4L Sawas
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Fig.7. NMR spectrum of H'form of Fr-1.
The peaks were assigned as follows:
02.2(d 2H, S-CH.) 63.2(s 2H, y-CH,
M2(s IH,e-CH)  682(s [H, N-H)

(45, 46)9] Bacillus subtilis NoSEZ} AAbsls y—
PGAel dfs) M8k Ex3} uje Akl E3),
Aol Ae ] olurr)e) 4Adukg-2l Nin-
hydrindh-g-o] 24 0]3, amide) ZAdukg-e) Biu-
retihgo] $4Q Ao 2XE B Az iA1= 42
& ZH= polyglutamic acidq) Ao F553c}.
o}-2-2] 'H-NMR2) H& Ao A= Fig. 740 el
vk} zlo] 52.20041(d 2H, BCH,), 83.244(s
2H, yCH.), 84.2¢)14(s 1H, aCH) 18] §8.24)
A(s 1H, N-H)E g3 4 99z, wepa] y—-
PGAE Zqls|glch. =, Y45 y-PGA) tha}od
Scott®] spectrophotometer'y (42 o 5o} 73t
5 Gafe oF 35002 y-PGA 2737193 1749
Fol&o] EAlFglon] gel chromatography(43)
0% 78 £22L o 65X 10° Daltonso]gjc}.
2 ok

PSS ol 4% AR niA 4 o
#OoR EofoBHE wAA 9 ATz Akt
= 223, o] el g RFea A
A AZREA o)shatd Aare AR, TEse).
CelHFE Alcaligenes$e) § FFo % Exjs)g
o, 3U7IA FHo EXE et CPC
(cetylpridinium chloride) 34 = acetonex] 2]3} o]
BAT A 28R 2L carboxyl”)E 23 )]
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F77F 4% glutamic acidebe FHARL o= a9l
2L, glutamic acidi= y-peptide Z3te) 7—polyg-
lutamic acid®. EAs}glc}. Fshepare of 3500 @
rPGA 273719 1709 go)2o) S8t o,
+AteEL ok 65x%10° Daltonse] ¢t}
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