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ABSTRACT

Methods for production of y—polyglutamic acid( y-PGA) by an alkalophilic Alcaligenes sp. were investi-
gated for batch and continuous culture processes. Both quantity and productivity of - PGA by
Alcaligenes sp. in batch culture were gradually increased with the increase of glucose concentration up to
50g/¢, but the maximal production yield of 63% was obtained at 10g/¢ of glucose concentration. The
highest specific growth rate was about 0.25hr™! at 50g/¢ of glucose concentration, and substrate inhibi-
tion was observed at above 50g/¢ of glucose concentration. The highest y~PGA formation about
11g/¢ in a batch system was obtained at 31°C, pH 10.0 and 87rpm. Productivity of 2.80g/¢ /hr for con-
tinuous cultivation was 9 times higher than the productivity for batch cultivation.

A 8 Ag7HA zdsteld Alcaligenes sp.oll 3 y-
PGA Atel oigh d+& ¢la, = ¢7te)Ad A
u)QEo] PAst= y-PGA(polyglutamic acid) ubg A ato|u} edduljoko] g Budn gle},
= EejElebolsA AR TEAR FF P49 b B AfoAe o] ZuslelAl Alcaligenes
Fa9l A¥olck(l, 2). o] y-PGAE AL sp.9 3¥ % Aulokd] 23 »-PGAS Wi A
7HA 2 olje} QAo thg FAdo] v, vlwA & A& AR
e A £ de F IEAZAY 4
AL /AR HT FHEAY AdAe] 1zH AME 2
Wi o2 AR wHAFe) LTl v)$ 7
gt Agel AR Azbea goh(3-7). s
a2z y-PGAQ] AR e BEAE Ho| g =, B AFeA AHEE FFE AR(19)04 Mo
AYAbt-& Bacillusd #3olt A=) A Ao 3471l Alcaligenes sp.o]w HHE(19)el] 49}
B3(8-18)d e, AR(19)dA Az} 5& 594 ol #A7FA R Akiba(20) 59 A ApaujA]e 4] 30
742l 2] Alcaligenesd o2 A § #3571 pH CTE 1247 wlokgt F 4CollA B2 91, 459}

109 ¢7le)AdoN 4 y-PGA(y—polyglutamic acid) o} AldluerstH A Ajdo] AHE-adc)
E BaARts B asqo
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Hf x|

A oujek 2 B ek wizl= »-PGA AR ¢
g A AR ®H3(21)3 8l sle 229 10g/4,
polypeptone 40g/¢ , KH,PO, 2g/¢ , Na,CO, 10g/¢
9] 24% zZt= pH 10.09] wirle|n, 121°CeA
1587F 74} Abdshe] Ag-3leded

3| 202k gy

3 Ruloke AR A 50mle g 250ml
AZetraad A ekl 5%(v/v)E HER F,
30°CoNA 120rpmeo.® 484]7F wjokat et A wiok
AL HAFQ FFE WFelz BEL WX 20ml
£ 53 100ml AtEetAzd) 13] HEs)3, 30
TollA 15217 zedulofste] AHEslga, wiAzA)
T B2 1539 55 77 Zelsled Ak
£ 9 83 S5 8 el

yPGA ikl %X 3|2uje =A

7 PGA Aibe] A giujek 2732 &, pH Y
)AL= (rpm)E FHHEFE 222, r-PGA A
@ TR sho] Table 13+ 7o) 21709] =iz

Fo= ool FAFA AFH(22-24)08 HY

& W HH(25)9) WSERARY x2S $43
of 5l Z%E|(IBM PC/AT)E Aelshalet.

HeEY Byon: dMdoz shysw 2w
2 A8Ae e A1) e 234 FARYL
A g3}5ic).

¥(1)=BE.+ 3 BE X+ ZBEX, (1)

A47]14 ke 5P §, Yo 4545, Xe
=944, BE, BE, ¥ BEx 27 $A1A6049]
3| AAS, A8AS ¢ 2219 interaction Aolc}.

2 A A4S /e SHHFE AHEsigons
Kate 3ol X, X, 2 Xo= 242 &5, pHY =
vk 3ASLE el X, X, 2 X9 7 S|
v %% 52 3a(Table 1 #x) Ak Hes
A3k o A(2)H4)8 AHEsle] —2~+2 W9
9] code value® 7= Aysslglon, 7+ A
Apgo] thgk ZAREA(ANOVA : Analysis of Vari-
ance)¥ & F3hgict.

chode:(xlexp—SO )/5 ........................... (2)
chode=( XZexp‘—lo )/1 ........................... ( 3 )
)Qcode:( X3exp_85 )/30 ........................... ( 4 )
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Table 1. Values of independent variables and
treatment conditions by the randomized

experimental design.
Variahle levels

Varbks 1 g
Temperature(X)) 20 25 30 35 40
pH(Xy 8 9 10 11 12
Agitation(X9 25 55 85 115 145
Treatment No. X3 X, X;

1 -1 -1 -1

2 1 -1 -1

3 -1 1 -1

4 —1 -1 1

5 1 1 -1

6 1 -1 1

7 -1 1 1

8 1 1 1

9 2 0 0

10 -2 0 0

11 0 2 0

12 0 -2 0

13 0 0 2

14 0 0 -2

15 0 0 0

16 0 0 0

17 0 0 0

18 0 0 0

19 0 0 0

20 0 0 0

21 0 0 0

gd A (stationary point)e 23} 34|
& A3 AFF}(BE)o2HE uheAlE e
F, o] A% vliEsle] AEslla, olu P}
F4u9 AR A= ANOVAR 73Askydct.

b

d&ujoFe- 264 ¢ jar fermentor{ Maruhishi
MD-250)%& A}2-3}d working volume 1 ¢ o] Al
% 5%(v/v)E AEs, 31, pH 10, €714
T 22vvm 287 ¥¥EE 90rpme] 273}l A
oF 20417t E<t 3Euiekdt ok, 34ES 0.1-0.
Shri'2 ZAsPHA dufrslaet. ddujeke o
SujFzolA] FEufjeko g i Arld =stg
£ 9 (1522h) ARtstdes, 7 A A=
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FAFEE S48t st

2A{gHel

d AL wfofolg 5 == 108]2 345k spec-
trophotometer( Spectronic 20, Milson Roy Co.)&
660nmelj o] FR=E EAste] Falde}. =, uf
ofal o] 22 Frolol kvl DNS(dinitrosali-
cylic acid)®] =+ glucose oxidase®] ¢ & Azks}gl
t}(26, 27).

A, y-PGAY Fe] ¥ A o533 2] 3
BFEH(19). wieFeds 2uj2 348t 15,000rpm
o4 607 HAl-elsle] #AE AAs . A4S
o Hge] 2uiekel Adsle acetoned A7)l
AdE dgled, olF oA FHTol L3 AIF.
thA] acetoneo® FA3le] AHEE drying oven
o4 105°CE §ke] & w7}x| AXAZ] F crude
y-PGAE <gic}.

Az g 2%

3l2ai Y

rPGA AAE A wiA)(20)5 AH83t 3E
jeke] AA|HEE HER HA3e Fig 13 2t

eFr] 'add 7149 FAF 4nls} e} &
Aol A5 gibs] Ao 30A17F o] F Uz
==atict. yPGA= i 27] pH7} 24t
7b A} $7ebr] AlRbske 20417 ol F FAIS) A
%3} vldste] AAbeke] Fvlskdon, 40417 o) F
A9 A4 gt =2ahqic.

15
E 10
9t
) W
T T 112 I
5.0 r 10 _
i 13
~ - x
g = /.—"-. £
o 9]
s | % 1o £
= 2.5k Eb b2 g
S |z 3
= 3 1 T
)
oL O bl 1 1 s It L o
0 10 20 30 40 50 60
Culture time(hours)
Fig.1. Time course of the 7 PGA production and

growth behavior of Alcaligenes sp. from
modified medium under batch cultivation.
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dnbd o 2 g Fol 28 HETEAE C/Nu)7)
EETE AAbeke] FUNslnR(28) Aad 5 S L
A7, T 5§ 37719 4(5-110g/¢ )
TAAE 2 y-PGA A zAstgdem, 1 4
3= Fig. 29} 7k}

TAHFE 3] FEFvlo] we} gukgk 27}
e Hyovl, »-PGAY AAES It ¥
50g/¢ 7+A| F7Kscrt A AAR FHdighs e}
Wileh y-PGA9 o Aateke ¥rgde] .
50g/¢ ol <F 12g/¢ o]}, o1& C/NulZ e}
el Atsidd C/Nu} 12574218 C/Nu] 27}
ule} y-PGA IR F7kE) o] ool y-
PGA AAFE A9 UdAF g Hlelddd. £ ¥
A= C/Nul7h 248 2 BA3ke] wolAlE dl &
o ob(28)ehe 2l e C/NujdlM 2 A4
gko] =& E28 vl Burton(29) 5% Rhino
cladiella mansonii NRRL Y-6272¢] 2J§F v}t A4l
oA} W& C/Nu|9] #27} el stgen,
ol o] tfgo] otmlipo 8 FAES 9)7] wEe]
2} 3ict.

¥, HE o Ix Frol4 FAl r-PGA
Ao e g, A o A3EE S A9
= Table 29} 7},

zede] 27)s5od ARglel BE AfelA o
97% olxe] 714 AF-EE R AR Frgi
v 275 Aol AY Avige Rk
£, Ir9 FUl SUHETE 7| Lwl 02 #
A 2 r-PGAS gL #AaAYE ¥, A
AL F7HEsSE Eod AL Ixg 5E
50g/¢ o4 0.30g/¢ /hre) s d& 5 U

135

Dry cell weight(®) and y-PGA(©) (g/€)

5 10 30 50 70 90 110
Glucose concentration(g/¢ )
Fig.2. Effect of glucose concentration on dry cell
weight and y-PGA production,
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Table 2. Effect of glucose concentration on the 7— Table 3. Least-square estimation of dependent
PGA production in batch culture. variables.
zey Yo Yol Productivity ~ Substrate No. Y YE() YR()
concentration(g/? ) @©/2/h)  conversion(®) ) 5.75 738 —1.6268
5 062 042 0078 99.8 2 466 592 —1.2631
10 063 032 0156 99.8 3 5.18 6.33 —1.1531
30 024 011 0180 98.5 4 475 5.23 —0.4806
50 024 007 0300 979 5 6.21 633 —0.1243
70 017 005 0291 97.0 6 8.28 .73 0.5482
9% 013 005 0285 9.5 7 3.27 461 06582
110 011 004 0.300 97.9 8 939 857 1.0219
9 6.09 6.48 —0.3938
% :Product yield 10 4,98 3.98 0.9987
% % : Cell growth yield 11 5.44 5.94 —0.5038
12 7.26 6.15 1.1087
03 13 261 3.79 ~1.1763
14 5.48 3.70 1.7812
o 04 p 15 11.12 11.03 0.0878
£ 16 1113 11.03 0.0978
g o3 17 11.08 11.03 0.0478
H 18 11.20 11.03 0.1678
% g2 19 11.00 11.03 —0.0322
£ 20 1140 11.03 0.3678
& on 21 1090 11.03 —0.1322
Y(I) :Experimental results of biopolymer concentration
° 10 30 50 70 90 120 (g/ L)
Glucose concentration(g/¢) YE(I): Estimated values of biopolymer concentration
Fig.3. Effect of glucose concentration on the spe- YR(I )gﬁ;z the least-square method

cific growth rate by Alcaligenes sp.
Table 4. Values of regression coefficients calculated

ouh WYAEG L 24% 2 W3 FAFEE i B for the biopolymer production.
otch. wbdl, Tead & 10g/4 dlAe vFA&R :
© WStort 63% 9] Hol QTS © 32% 9] TA Regre.ss.lon Siandard T-value  Stationary points
&8s e _/r_ sl9dc}. coefficient error .
ol¢a 7]1A 2x¥ nZALLE 73 Fig 3 Beta 0 11032 0432  25.509™*
oA B 4 Q= uje} o), FAQ) w|ZAEE 4= Beta 1 0626 0292  2144™ Xol 0243 3121
27) EE_% X5} Zrhabel| wpel 27}sbe] 50g/¢ Beta 2 —0052 0292 —0178  Xo2 0018 1002
o4 <F 0.25hr !¢ e JJel}, 2 o)At Beta 3 0.022 0.292 0.075 Xo3 0072 87.17
Eoolde 938 7haste nswe] sAd 23) Berall —1.450 0228 —6.372
lg%ﬂ%ﬂ( substrate 1nh1b1t10n) t—a}\(}_‘% L]—E]—‘—a-%- o} Betal2 0364 0413 0.881*
—}I: ﬂﬁq Betal3 0.989 0413 2.396
Q8B wEAEEE vebor} Huje A Beta22 —1246 0228 —5477
s Mo EE_‘% g 10g/€ = 5]’—1 Bhx 9 %Ei Bera23  0.106 0413 0.257
_5_}93\2_“:]’ o] %—qu*‘lgf] ilx—'] i]—E—HH%} iﬂ% 7 Bera33 —1.822 0228 —8010
7] 25l 2%, pH 2 AL % (rpm)E P Expected Y value=11.05

T2 8|3 y-PGA S F45WFE 3l - Coefficient of determination=0.9108
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Table 5. ANOVA table for the biopolymer pro-
duction.

Factor  Square Sum Degree of Freedom Square Mean  Fo

Regression  152.97 9 16996 12.47**
Error 14.99 11 1.363
Total 167.96 20

% % :significance at P>0.99

PGA AAte] Ak whEd A o3t =
Akstglet. 1 A= Table 3~5 2 Fig. 4, 59} 3t}

Table 4= Table 3¢ S3¥g Y89} 4
e olgdle g3 IALAE AT AAE FelA
£ 5 e viet o] 24 BAAE AHEAE o F
oj4e] 9lslx, 095489 3AATE d& + YA
t}. o]& Aoz viehd ohg Az 2

Y=11.032+0.626X,—0.052X,+0.022X,
—1.450X,*+0.364X,X,+0.989X, X,
—1.246X,°+0.106 X.Xs—1.822X( X4*)

%9, Table 4+ $454g9 ST 54
DA} AR g9l B Fe] o] Ao FEHHp
ek ojg Ewge 43 AR} TAEA
(ANOVA)$] Zs}olc}.

A Al (REGRE) 9 Al 152.97, Azt
(RES1)9] AT 14992 91.08% 2 HEAL
dehliglt}. =, #9545 AAsE AfEe F-
U= oFEgk gH(1247: p>0.99)% Jello] 5
el Egue) ARAAr} Holde & AN
oo webd Yellr d& 23 A 7 HEE
apolol= frolAde] 48 & 4 Adich ¢ AE v
Bale) e 73 A AAHLE £x 31T,
pH 10 2 2¥i4% 87rpme] ghellA dolFt}. o]
o y-PGA AJARELS ok 11g/f 0]8l, o] k& s}
A= okgtor} ¢ 2o R AR Avelx F
SR

3, 259 pHY Wisld o y-PGA A
& =a4do2 e Aql Fig 48 AHEH -
PGA AAeke pHEthE 2o o] 9ghe B4
3, AR B wlad qpAste] A A
Yol ARE y-PGA A+ F43 7Hastgr).

exol ke g »-PGA A4 F3A
wslelaty a3 0 2 el e oAt Fig. 49
7A4$-9} w)sdA 29 Aol & AR ey

|
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1
20 25 30 35 40

Temperature{C)

Fig.4. Contour plot of pH versus temperature at
different ¥ PGA concentrations(g/2 ).
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Fig.5. Contour plot of pH versus rpm of agita-
tion at different y—-PGA concentrations
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Y=11.032+0.626X,+0.989X, X,

ol &Hfj o

y-PGA2] A4k A A 2 3 Ruof 2708
o] §alo] oldmlobS- 38k A= Fig 631 e}

s|Ago| Frlgtel ulel y-PGA AAFE 24
&= Askolgdom, 3|4E 05hr 'dlAi= wash
oute] olojydrl y-PGA2l o AL 3|ME
0.40hr "ol 4] 2.80g/¢ /hE 3Hujorel 0.30g/¢ /h
B} of 9ufje] T FHE Hglow, o] §AME4A
o] yPGA AAFTE Yese 070300} 2ejez
working volume 14 2] <dg:ufjofzeljs] o] 3|4&
2 3ueka)t 7o) 3~49 wjokat A9 81~108g
/22 yPGAZ & 4 2tk o= yPGA A4k
off lejxje] addufeke] frads dSel T A3
oju, Z7)7kell A A & ] eddiufjokel] 2)3)
of y-PGA2| e Aate] b5 dhs HojFfiz AMAo]
et & 4 ek 29742 Bacillus% #4<l <)% y-
PGA A4be] od&moke Bl vl gloof, 38|
kAl z|t)e] yPGA AAers. Bacillus subtilis
FO2-1) 2Ja 37°C, 3~429] shaking culture®
25~50g/0 7} A= Qo BarEe] 9t

or 2.5 12.5

b 00 ——a_ Jioo T
E I e o 4
—~ ~ - z
- o o
" W 15F 175« -
= | = 5 oG
S kg Cr o T
S ] 2 =
5 PEREY d4s5.0 Zq4 =
el < o
o = 23 <
ot o 43 2
a O =12 ©
- v v 2
o a osh 25/4, 4
£ <
O
i 1 %
>~

A
LO-0O
0.1

0.2 0.3 0.4 0.5

B 1
Dilution rate(hr ')

Fig. 6. Effect of dilution rate on dry cell weight,
7—PGA production, residual sugar and
7y PGA productivity during a continuous
culture of Alcaligenes sp.

[o] ok

ar =
sa7telAd Alcaligenes® 9] & #%% o435t
peptideA] W34 -2kl y-PGA( polyglutamic
acid)®] 33 9 odgulokel <3t djsk HAE =
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Abatgdet. sl eiekA]l y-PGA S AR 2 AR
red w5 50g/0 A ¥5de| FEZvlel uke}
S7pslgont o A2 10g/0 & X5 5%
o4 odejdom, o]l F-&-& 63%olir}. =, 1]
ZAEL - Frnd Xk 50g/f o4 oF 0.25hr 'R
gk vhepllon), o] o]Ake] RoAE 2k
714 o FAARS] AdE veplsict. 2E,
pH % wub% (rpm)E S3HEFE g ubgxd &
Mol 2Jgk y-PGA A4 A s)itulo} 2702wl
2w 31°C, pH10 2 3A4% 87rpme| A4t
A dojfom, o] A y-PGAS] Ak of
11g/¢ = FA=c}. A%aloke] A wash out
3|4% 05hr oA dojyton, sj4E 040hr '
o e S e, FHo gabde 2.80g/
£ /hEs F3ufjekxict oF 9ul) &gk}

]
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