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Summary

y —poly(glutamic acid)( ¥y ~-PGA) was produced in the culture filtrate of
Bacillus licheniformis 9945a. It is a water soluble and naturally derived
polyamide consisted of glutamic acid repeating units that are linked
between the @ -amino and 7 -carboxylic acid functionalites. It i1s the
major component of the capsular substances from Bacillus species.

y -PGA is not toxic to human health and biodegradable. It has a
potential to be used in the field of medicine, artificial human organ, food
additives, plastic manufacture and oil industry. Even though its
production has been studied steadily, few research reports concerning its
biodegradation have appeared. Few informations about depolymerizing
enzyme, degradation mechanism and organisms, which are necessary for
industrial applications, are available.

The principal purpose of this study was to isolate and identify a 7
-PGA degrading bacterium from fermented soy paste. Eight strains
from soy paste were isolated and 3 of those apparently decreased the
viscosity of the culture filtrate with y -PGA. The isolate No. 5 which
decreased most rapidly the viscosity of the culture with 7 -PGA was
chosen and identified.

The isolate No. 5 was very similar to Bacillus licheniformis and

Bacillus pumilus according to the keys in Bergey's Mannual of

_1_



Systematic Bacteriology. The fatty acid composition of the bacteria also
confirmed its identity as Bacillus species. According to MIDI program

the isolate No. 5 showed 91.8% similarity to Bacillus licheniformis.



1.4 &

gy 2 A EE polyester?t polyamidedl RS2 uf$ theks

Tz N154e 20 Ak ATER BAS ARt sbsstel, ook,
AEAY), AE, Teha", Agud Tobd $89 F Ak Aol Uk

£35), AF9 HMEoY, AAAFAHE nEARY &8 FUbA Y FE
Ao A 7hsAo] EHtH(Atsuo9t Masao, 1992). o] F ATy Hs &Y
7 -poly(glutamic acid)( 7 -PGA)E @9 &} {FAGE FX2E e T8
A9 polyamideolt, #4dol @R Eol #HASA] &om, g-amino”l %t 7
-carboxyl”?] Alolol| amide A (Fig. 1) & o] Fo]Z glutamic acid®] F
A o] th(Gross 5, 1993; Housewright, 1962). 7 -Z2& o2 o] Fojx F3}
Agte Hold AdAe dldnE & FxE zon, o oluxit
glutamateZt ¥ A Ho A vwjg Eo]stt(Ivanovics?t Erdos,
1937; Torii, 1959; Chung® Ko, 1996). Bacillus licheniformis 9945a° A A

AbElE vy -PGAE L-8 =& D-8o 82 EA3%1}. Bacillus specieso A

]

= y -PGAT XA oA EC w2t D, L = D L9 £FA=
A7) = e (Nitecki®t Goodman, 1971; Troy, 1973; Marlborough, 1973).
y —carboxyl7| 2 AZAE glutamic acidE F 2 glutathionoly, §&, A&,
ol A o] AR Fol ARAF AER EASHH, nEAF O
A E HAHA Fech(Nitecki®t Goodman, 1971). r -PGAv 44
2 Ao o8 AARHY, TRV 254 d21 g §4%H 1E

AEA AL 1.72x10°~ 363x10°09, AnEALEAL 84X 10°~1.15%
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100 o2 Qg A4t Barwo] AtkTroy, 1973). =& 7 -PGAL «
~helix 22 7231 9 2((Nitecki®t Goodman, 1971; Marlborough, 1973
Housewright, 1962), o €A &a=d, dAAHel & 545 7HAx2 A%
((Nitecki®} Goodman, 1971). 7 -PGAE FA&doAM &= D, L, D-LEA
2% gy, A SR E D, L Z4zhe g2 S8l gloy, D-LE

&A= B8 Ao|t} (Thorne, 1956; Thorne® Leonard, 1958).
/ QN
/NH
/ 0
N R 2 /

Fig. 1. Structure of 7 -poly(glutamic acid)( ¥ ~-PGA).

Bacillus licheniformis ATCC 9945a2] AL E AL e EJFd e
y -D-glutamic acid®d ¥ xF FFAE FAd7] A3t L-glutamic
acid®] =38 ZuldtE  polyglutamyl synthetaseE X 3stxn doH
(Leonard®} Housewright, 1963; Troy, 1973; Puiggali 5, 1988), r -PGA Y]
e AZE TCA cycle®t @@ o] lth(Atsuo®t Masao, 1992; Chung#
Ko, 1996).

y -PGAo] thd Hzeo #AL 49 HH anthrax® A8AE Z=d
A A RHRen | anthrax® Yo7l vl &2 Bacllus anthracist 573

sl AEs AAsY st o Aeede vy 44 22 @
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Z gtk o] fE BA F y-PGAT 192199 Hx=2 AFHIoH, 42
Bz 249 y-PGAS FZ9 AL 192164 1937d Aolol ¥ Aot
(Nitecki®t Goodman, 1971).

y -PGAE Tocsik® Kramar(1933)ol ¢}8l B. anthracis®] A€EHEE A
S WAHQY T, Ivanovics®t Erdos(1937), Murao %(1971), 281 Toshio
=(1982)& Bacillusd TF% &, B. subtilis, B. licheniformis, B.
anthracis, B. mesentricus, B. megaterium %°] 7 -PGAE Aitddi 2
D3P en, o] 5(1993)e zdstelA AT Alcaligenes sp.g§ 3wl Sd
oZH y-PGAES AT 5 v Bt Gross $(1993)2 B
licheniformis 9945a°l A y -PGAE A& o o2 @AY E F citric acid
= HEEF8A7IY 0AIZE ol F A3 vtttz B, Atsuost
Masao(1992)= B. subtilis IFO 33357} A4tsl= v -PGAE TCA cycles
AX FAHEY, 1 FAEQA citric acid®} ammonium sulfateE H 71 &
49 o -ketoglutaric acid® A=, a-ketoglutaric acid¥ ammonium
sulfate®} At glutamateE FAITotn R a3t ot

Kream $(1954)& 7y -L-glutamyl exopeptidasegteE &27F C-E¢
L-glutamic acid 2717} & 7 -PGAE ¥3l3 3, r L-glutamyl 2%<
b RaetE vRd 247 A A AE AAM 2AFAJTGL B

&1, Torii(1959)E 708 2+ % 8ol B subtilis7t BAstE r -PGA

=

i

rRHoz RsAY, r-L-glutamyl 2&E 7IsE3sA 2, B
anthracis7t AAbstE 7y -PGAE Ea3tx &gtttz Rt Utsumi

2(1961)2 Mo b FE2EoA B3 FAE in vivodlM B. anthracis®l

1
a
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capsule B4& AT F AN, BAE ry-PGAT trypsin, pepsin E=
papain®l  A3Fctn B usH.  Volcani®t Margalith(1957) = 7
-L-glutamyl peptidase’t 34 7 -poly-L-glutamic acidg& €@t B
1549tk Atsuo®t Masao(1992)& r -PGA F&d& % 80T, 1007T,
120CoM SA-eAe wl, Bt Wt 5 80T 7FE A2+ 605 ©

Woll A 7hRal B=rt wuatg e, 120CaAX e 7HeEsizt waA o

2

-

1} 7 -PGAE 80TCoIWe =AM WEAS Zedy RISGAT ET

¢

A

Takanori $(19838)% « -glutamyl peptide, 7 -glutamyl peptide =+ =

oo

A Ao PEA7E A EaEcin RuEh
Bacillus & #FELS $g v gigze HaiAEd g% womn
(Kwon 5, 1986; Cho & Lee, 1970), &&= UiFE TAsto #gAz o=+

o 2FES Yol LEAA AR Fart JPHE FA AT, 5% R

A3, ojgo] YFe &l ©dtE

oleal g2 9 FrHE So] AYEHY 55 2 FuE Frh(Yoodt
Kim, 1998). Kwon %(1986)2 dF9 2+ Fo AMAse AT B
subtilis, B. licheniformis, B. pumilus, B. citreus, Micrococcus caseolyticus,
Sarcina maxima, Pediococcus acidilactic % Staphylococcus aureus & °]1L,
AVIFO 2= Aspergillus  oryzae, Aspergillus niger, Penicillium
kaupscinskii, Mucor abundans %5°] 29, &R 2% Rhodotorula dattila,
Saccharomyces rouxii, Saccharomyces acidifacience %°| ATt 213t

w3 Jro AT wF AEQ "Natto'd HAHER A& Fo= r-PGA
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7} 0.1~08% Ax FF=o] don, Nattooll A ¥2® B subtilis natto 7
-PGAE AAHcH(Gross &, 1993; Toshio &, 1982).

AZrs A 7te 7], B 2 sl ool diste] MAZAAMAA FAA
o] dx Q& oo LY NE #olx Yot HAVIE FE& Fold
weo] ZAAIZEZN A &2 o] FojAu Jvp. A AHEHIUE FA
2 g 93 #7 2 do] A4 AEAE dFEHZ oy, ¥
155 28719 RS wigo] o&stn e Feivietel & dAo v
Fo] B ou A8 % Azt o AALE FE davt e

2]{:
gx, 274 F54 7t2e BE vheA, 22 dAe W Fule v

’

ST

:_

o7 Be oHLs Zx Un HY] AUy T AdHFS FIAIAAY

AT3 EdEo] EASHA Hol &4 edo FAVE Hol AFAHE 1E

Tz AAAFl WS A AFo)(e] F, 1993), e, HE, 2
, TR Eokell A ZAAdE 72 A (Chung 5, 1996).

y -PGAZ} M & BI=o] Ao #F A= FE3 JPHo| gtony
Aesol g A7E 27 GAZ 2qHEaY VS da d7H
Hh7b A glolA A A o] &g flgte] oldl tid A7 Bed dA o)
o et 2 ATFAME y-PGAE #diste mdES 2dd A4S
A7l 1 AFE Baste vio|th
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HEA AR el W Az &4
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2. A4 #F
1) 7 -PGA A4 #F
American Type Culture Collection(ATCC). 2% ¥%¢ ¥ Bacillus

lichenformis ATCC 9945a& 7y -PGA A4t #F 2 AME3tAH.

2) v -PGA &3 AT
B 23 &M #F FA y-PGA &3] 713 53 No.

5 #F& HAF MEstd F3 ATz AHEstAH

3. A% uwix] 2 Aok
1) v -PGA A v x]
y -PGAE A43t7) 93l Table 1.3 2 A& 72 Medium E(1L

T, 19968 AH&3tAH



Table 1. Medium E composition for 7 -PGA production by Bacillus

licheniformis ATCC 9945a

Component Concentration(g/L)
Glucose 68.0
Citric acid 12.0
Glycerol 30.0
NH,CI 10.0
KH2PO4 0.340
Na:HPO; + 12H20 0.895
MgSO; - TH20 0.5
FeCls - 6H20 0.04
CaClz - 2H:0 0.15
MnSQ; - H0 0.104

Distilled water 1,000ml

2) v -PGA &3} Az £ 8

Medium E°l Bacillus licheniformis ATCC9945aS ® %3t 7y -PGAE
AAakstd a, o] wigdE o #uh045m) o2 AFHste A& FAHE wigy
7} PGA minimal agar(PMA)S vix] 2 A}&3Hor, 1 A2 Table 29
2o



Table 2. PGA minimal agar(PMA) composition for isolation of 7 -PGA

degrading bacteria

Component Concentration(g/L)
K2HPO4 0.8
NaH2PO4 0.2
CaSO0; - 2H20 0.05
FeSOs - 7TH0 0.01
MgSO; - 7TH20 05
(NH4)2504 1.0
Agar 10
7y -PGA 1.0
Distilled water 1000ml

3) F AL wix] ¢ wkg Al
2ag 39 ey EAS #257] Yt Bergey's Mannual of
Systematic Bacteriology(Sneath, 1986)c] w& uix]e] ZA 3 wrgA| S

e 2o

@ Voges-Proskauer broth

Proteose peptone 70 g
Glucose 50 g
Sodium chloride 50 g
Distilled Water 10L
40% Sodium hydroxide 30 m
Creatin 0.5 me
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® Indole production medium

Tryptone 10 g
Sodium chloride 05 g
Distilled water 100 ml
Kovacs's indole reagent 0.5 ml

® Glycerol agar

Nutrient agar 100 ml
Yeast extract 10 g
Clycerol 20 m
a) Hydrous copper sulfate 34.66 g
Distilled water 500 ml
b) Potassium sodium tartrate 173 g
Sodium hydroxide 50 g
Distilled water 500 ml

@ Egg-yolk reaction medium

Tryptone 100 g
Disodium hydrogen phosphate 50 g
Potassium dihydrogen phosphate 10 g
Sodium chloride 20 g
Magnesium sulfate - 7H,O 10 g
Glucose 20 g

Distilled water 10 L
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® Starch agar

Potato starch
Distilled water

Nutrient agar
95% Ethanol

® Milk agar

Skim milk
Distilled water
Agar

Distilled water

@ Citrate and propionate utilization medium

Sodium propionate
Magnesium sulfate - 7H20

Diammonium hydrogen phosphate

Potassium chloride
Trace element solution
Agar
Distilled water
0.04%(W/V) Phenol red
Trace element solution
Ethylendiaminetetraacetate
FeSOs - TH0
ZnS0;4 - TH,O
MnClz - 4H,0
HaBOs3
CoClz - 2H,0O
CuCl; - 2H,0O
NiClz - 6H20
NaMoQ; - 2H,0
Distilled water

10 g
10 ml
100 m

50 ml
1 ml
50 mi

20 g
12 g
05 g
10 g
400 ml
150 ¢
920 ml
200 m

500 mg
200 mg
10 mg
3 mg
30 mg
20 me
1 mg
2 mg
3 mg
10 L



® Tyrosine agar

L-Tyrosine
Distilled water
Nutrient agar

©® Nutrient gelatin

Gelatin
Nutrient agar
IN HSO4 with NaxSO4

4D Nitrate broth

Peptone

Beef extract

Potassium nitrate

Distilled water

a) Sulfanilic acid
5N Acetic acid

b) Dimethyl-a —naphthylamine
5N Acetic acid

1) Phenylalanine agar

Yeast extract

D, L-phenylalanine

Disodium hydrogen phosphate
Sodium chloride

Agar

Distilled water

10%(W/V) Ferric chloride

_13_
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100 ml
100 ml

04 g
100 ml
10 ml

30 g
20 g
10 g
50 g
120 g
10L
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@ Medium for acid production from carbohydrates

Diammonium hydrogen phosphate 10 g
Potassium chloride 02 g
Magnesium sulfate 02 g
Yeast extract 02 g
Agar 150 g
Distilled water 10L
10%(W/V) Glucose 40 mé

Arabinose 4.0 ml

Xylose 4.0 ml

Mannitol 4.0 ml

{3 Sabouraud dextrose agar

Neopeptone 100 g
Dextrose 200 g
Distilled water 10L

-14_



4. 2% A 24 £4 02 2 A

velg Awel AESH AEde Fad FAARA AW 24

—

tlo
Sh

A3st7] sty #F S wlRAZ trypticase soy broth agar(TSBA)#|A| &

o] &3t o, 1 4L Table 39 2o

Table 3. Trypticase soy broth agar(TSBA) composition for fatty acid

analysis
Component Concentration(g/L)
Tryticase soy broth (DIFCO) 30
Granulated agar (DIFCO) 15
Distilled water 1000 mt

1) Saponification reagent (Reagent #1)

Sodium hydroxide(certified ACS) 450 g
Methanol(reagent grade) 150.0 ml
Deionized distilled water 150.0 ml

2) Methylation reagent (Reagent #2)

6.00N Hydrochloric acid 325 ml
Methanol(reagent grade) 275 ml

3) Extraction solvent (Reagent #3)

Hexane (HPLC grade) 200 ml
Methyl-tert-buthyl ether 200 ml
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4) Base wash (Reagent #4)

Sodium hydroxide(certified ACS) 108 g
Deionized distilled water 900 ml
5.9 H

1) 7 -PGA A4t
y -PGA¥ Medium E(ZL %, 1996)°l Bacillus licheniformis 9945a& &
%3t 35 T, 150 rpme] AR FLujg7|A 5715 o2 Aistg oy, v
-PGA2] AA gRE vjgde AAE(7,000 ripm, 5 C, 10 min)3dti,
#9045 m)e2 28 Ostwald A EA(C=0.00827 cSt/sec)2 20 T
(H:09] A= 1 cStellA H=g F48AH.
Kinematic viscosity, V(cSt) = CXt

(C @ A, 0.00827 cSt/sec, t: F=A FH}AIZH

2) 7y -PGA &3 A& £¢

y -PGA ¥ Ad9Y EHgol:= Medium E(Z %, 1996)°l Bacillus

licheniformis 9945a& HZ3dld F71H o2 447 9GS wigdgs ANE
2(7,000 rpm, 5 C, 10 min)dtx, J#=H045 m)oZ g3 of A3}
PMAE w2 A&t Ao 83S HFs A"ujd71(30 TC,

150 rpm)ellA] E71H oz 39 Fob widsid, A2 (7,000 rpm, 5 TC,

10 min)3t2 A E(Ostwald viscometer; C=0.00827 cSt/s; 20 C; V=CXt)&

_16_



ZAsld AT AsqRE A3 PMA @7 wigd 20 s HF
sted viR| Aol AA Y 224 2% 59 A 5A(Harrigan 5, 1976)
o wit 2 F Adudstd srEAn. Bad IFES PGA

g oo HEFste F7)1HA 2H(30 T, 150 rpm) 2 3L v ts}

A, 1 wFAe ARG T, x10000 g 10 min)dtd HEE FH

ds

(Ostwald viscometer; C=0.00827 cSt/s; 20 C; V=Cxt)3tz #FEY A

=8 A5 Az At M 45 25 A9 2sih

3) v -PGA &3 A7 &3

2a3 #FE Bergey's Manual of Systematic Bacteriology(1986),
Laboratory Methods in Food and Dairy Microbiology(1976), Manual of
Methods for General Bacteriology(1981)ell &3t Helx 54 dn| 3 &

& Asierd 54, WY 54, 293 AN 248 AR

) By 54
1.1. Gram 944
NAuj =] ol 4 18~24A17F v¥AI 2 #FE Gram EAstd HA R A
7 (Olympus Microscope, x400) #&& dAth Gram 4L £8ol=
g29o FFE 4 1AHS F crystal violeto 2 18 A5t 2 A
23} 2, iodine&Hoz2 1% GNT F 52 AFHA 5% dedEz A
o] glold WA MHsn dA] B2 MH3AT Safranin® 2 eG4
3 F B2 Ao gastdt
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1.2. ¥x o3z
NBuj x| ol A} 2~3A7F vjgA7 FF wjFdE& vl water agar¥ ol

wolx® #n 7 (Olympus microscope, X400)3tollx £245 B2

(2) A3ty 54
2.1. Catalase &4

NA Atgujz]o]l #FZ 18~24A13F wtste 10% st asE 2~3

ﬂll

e woly shA WBASFEE BERIIYY. FAEFFagd o st
WA EHH catalase A2 HEIHH T

2.2. Voges-Proskaur B

Acetylmethylcarbinol AA3<& ##3t7] 938t Voges Proskaur brothell
753 HEF8A 3,5 749 ¢ wlgsto 40 %(w/v) sodium hydroxide 3
mlE 7}8t3, 05~1 mg9 creating 7sted 30~60%3H Ao WX F

pedoz WAHEAE BRI

23.0E ¥4

jnu

Indole production medium®l ZFF2 HEFslo 743 Wigd ¥ Kovacs'
Aoke 05m 7tEtd EEo] F FH wASAUS W FEEI o] FAAEAN
HZo] EEZA~E2MS =5 FFI}AH.
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2.4. Dihydroxyacetone A&

#Z2 HEso 1097 w%Ed F hydrous copper

Glycerol agar®ll
sulfate &4 7} potassium sodium tartrate £4& 112 42 £H4E 7134
glo] AAEHA=XE BEAE A

27 BAZ §F 22Y FHo F&4

25. Egg-yolk ®H&-

Egg-yolk broth®} Egg-yolk’} 352 &2 control §d 55 A
AAE == 18 Eo] 3

Z3td 1, 3,5, 7Y MiGT F Aol A9

=AE BEIFAS

26. AE VRS
Starch agarol #FE A2t 3, 5437 vjFF F 95 % ethanol=
=X g #F

platelo] #& % 15~30 w23 3 clear zone®] FAHE

s

At

& o

27. Casein 385
Milk agardjA o] #FE HZEs 30CoAM 7¢, 14, 219 F<t W ¥t
HA FF F9d FH3 3L dAs=A FEIAG

2.8. Tyrosine %3}%
Tyrosine agarol #+& HF

o] 9y Wol tyrosine crystal®]



29. Gelatin 943}

Nutrient gelatindl #F& HF3l 28ColA 3~547F w3t NaxSO4

2 ¥3A7) IN H,SOs 10 miE 7kt 1A W& ¥ clear opaque7Zt
A =x8 #Esgo

2.10. Citrate®} propionate ©]-84

Citrate and propionate utilization mediumel #5& HZ 3t 14437 )

FP F H714 A 9@ He Mo UehpexE A

2.11. Nitrated] 9%

Nitrate brothdl #F2 HFsle] 35 ColA 18~24A1¢ g3t F «a
-naphtylamine & 943} sulfanilic acid €% ZtZt 1 ml¥ 78t HA A7

S AP AFE stk HMoz WY nitrite’t EATE YEHL

2 nitrate 3¢ FA ¥go 2 s

2.12. Phenylalanine®] ®o}qls} wkg-

Phenylalanine agard]l #F& HZF3d 74 wigd F 10 %(w/v)

ferric chloride £ 4~5%¢& Wojxy =AM& ulW phenylalanine2 2
=

g} phenylpyruvic acid® A% Ao

(3) F °l &4

31 B o] 83 A S wFs



Glucose, mannitol, arabinose, xylose® z}z} 713 wjzlo #F& HF
gt =Mooz wAEd A AT FAHdoZ &%, wiA el Durham

tubeg ¥Wol COE& TR LTRSS WA

(4) FEA

4.1. pH 579449 oF 4%

NBujA & =+ 2 8lo], NB9} Sabouraud dextrose brothel #F&
Fdt9 19, 1574, 25 I F 600 nmollH FF=E FAse #F
o] AFARE BFAH.

42. 3~12% NaCl& 7t vzl Mo F5 4%

0, 3, 5 7, 10, 12 %(W/V)2] NaCl& #7}g NB iAol #F& HZF 3}

) Al At 24 24
FFo At BALe 2eld #F 5 TSBA ujA|oA 28TolA 2443k
e FAL 33 v, G FFF 2FS WFolE Hto, w3l
e 35 A9 A}A(Fig. 2)22 AA2 st Gas Chromatography(H
ewlett-Packard 5890 Series II plus ; MIDDel €3 2™, HP-1 column
2 capillary(25 mx0.2 mm i. d., Supelco)E A}£3H 1, column ==

170 C, 5 C/min 52 260 CT7HA 258 %9 A&s9d. A&7

- 921 -
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FIDE 2143591, A&7 € #9479 5% 300 C, 250 T2 #FA3 %
o} SR 2 A FAZFAE split ratioS 100:1E FH3AT A &4

& standard calibrationg 3 ¥ 23] WHE A3}

r Saponification } r Sampling cell mass 100 mg ]
| Addition of 1.0l ml Reagent #1 |
r Vortex forl 5~10 sec }
| Heating at 103 C, for 5 min |
[ Vortex forl5~10 sec J
[ Heating at 100l C, for 25 min ]
[ Coolling ]

!

l Methylation \ | Addition of 2.0 ml Reagent #2 |
| Vortex forl 5~10 sec J
| Heating at 8OL°C, for 10 min |
| Coolling I

[ Extraction ] [ Addition of 1.25l ml Reagent #3 ]
[ Shaking flor 10 min B
[ Removal of tottom phase J

| Washing | | Addition of 3.olm1 Reagent #4 |
| Shaking %or 5 min J

Transfer 2/3 of top phase to GC vial
and capping

Fig. 2. Flow sheet for fatty acid analysis.

_22_



m. 2= 2 2z

1. Yy -PGA A At

B. licheniformis 9945a% 35 TColA, 150 rpm2Z 9613t vjdste y

-PGAE Aiatda, AR e 28 T8 §F 2348 sty A
=22 Aoz AL, 2 ZFHE Fig. 3o HetHATG. 2R b

2ol AT 124 ¢St B. licheniformisE v1%AIZ] vl oajaio] Y
E 1049 cSt2 779 A& B HErt A Frkstel y -PGA A4
S #aHg =3 2ad wixe pHE 68°Roy wid F8 F pHe
55~5.7% e pH7E A3 A

Troy I1(1982)% B. licheniformisE F713 o2 ujesled ujgFA|Zto] X
Foll wep #57E FbstA R HETE Fkste] 100413y -PGAAA #F
ol A7} ¥& BRI
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Fig. 3. Production of 7 -poly(glutamic acid)

Medium E with B. licheniformis 9945a was cultured for 4 days at 35

C, 150 rpm. A, distilled water; B, medium E; C, culture filtrate.
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Fig. 4. Viscosity of the culture with fermented soy paste.
A, distilled water; B, culture filtrate with y -PGA, C, culture filtrate

after incubation with fermented soy paste.

9 wgd o2 HE PMAuA ] #F& Aduidstd =58 stdd.
12 3709) @57k 22k 5709 FF7t 28 HAow, 2 FAldle I
o] FA4E e JAL F3A 14 FIEFd 22 A2 Ay, 2
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Fig. 5. 7 -PGA degradation by the isolated strains from fermented soy
paste.

A, distilled water; B, culture filtrate with 7y -PGA; C, culture filtrate
after incubation with isolate No. 1, D, culture filtrate after incubation
with isolate No. 4; E, culture filtrate after incubation with isolate No. 5;
F, culture filtrate after incubation with isolate No. 11; G, culture filtrate
after incubation with isolate No. 13; H, culture filtrate after incubation
with isolate No. 14; I, culture filtrate after incubation with isolate No.

15; ], culture filtrate after incubation with isolate No. 16.
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Fig. 6. 7 -PGA degradation by the isolated strains from fermented soy
paste.

A, distilled water; B, initial culture filtrate with PGA; C, culture filtrate
after incubation without innoculation; D, culture filtrate after incubation
with isolate No. 1; E, culture filtrate after incubation with isolate No. 4;

F, culture filtrate after incubation with isolate No. 5.



3.y -PGA &3 A& 3

D " 54

(1) Colony &4

Nutrient agar plateolA No. 55 sl A Jeo S s
zZAY g A3 E2 Table 49 Table 5o YeElUdY. 53dd J&e FHe F

& 2SS JeEhdz, A% =% 9Z4S gu Qo g 2 At
2%g A Z 3 wiReiM e Fehel Fole obF wekth Gram A9
A3} ethanolol 93] M= o} A 2AFAE Yeblo] Gram YA E
et x, TAE Y4siden, x2 4 #FE° FE Gram ¥HE
UetdthE Laboratory Methods in Food and Dairy Microbiology (1976)2]

W& dAstAT

Table 4. Cultural characteristics of the isolate No. 5 on nutrient agar

plate

Characteristics Description
Shape Circular
Elevation Flat
Edge Rizoid
Color Pale yellow
Surface appearance Rough
Consistency Granular

Cultivation was carried out at 30 C for 24 hrs.

— 29_



Table 5. Morphological characteristics of the isolate No. 5

Characteristics

Description

Form
Gram stain

Spore

Rod
Positive

Present
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olft
r
Hd
>
il
N
N
e

34 23 ez UEs

E dddez AggH

AAT (Fig. 7).

Gordon 5(1974)¢) 25l o3}HA, spored] 9 xlo <A EA7F A X

o] 4o 9x3dle TFE Morphology group

I (B. megaterium, B.

cereus group, B. licheniformis, B. subtilis, B. pumilus, B. firmus, B.

coagulance) 2.2 B 113G},
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Fig. 7. Microscopic(X400) morphology of the isolate No.5.

A, Cell; B, Spore
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2) A5ty =4

No. 59 &2 Bergey's Manual of Systematic Bacteriology®l & 3}¢
AABtA L, 2 A3 Table 67 2t}

Catalase &4 A3 Ze wjgd dFd FAgdF2E 7stdes o
7VE7F A83] AEH YA weE BYon, ol No. 57 catalases
BAste TFAE A

Voges-Proskauer Alg& ¥t$ Z3 H& A& 0o

A F deE YUY dE B4
ANgL #FF7} tryptophane o] &3ty A= FAs=XE A=
FRYE olFAAY KovacsAl ol o3 H& A& oz o} AEo] A
| #FHAG.

Dihydroxyacetone A4 Ad&  #F7F  glycerols o] £3}9

o] #F7} glucose

mlo

2 2H acethylmethylcarbonyl

[¢]

oXx
ia)

A g

dihydroxyacetoneS BAs=X& TASA =, WHSFAISS 7Hstq 241
32l F B2 A3, 2 FHd FH24 3o] WA =] dihydroxyacetone
S TS YU
Egg-yolk ¥t$& #F7t 3339 lecithing 7}-E3]3tE lecithinase &
g3 ed 1Y, 39, 59, 7Y, 44 F FE wgstd
A BN AAEe] BAHEAE AT AFH 1~79 Wi FGole @
A Aol BAEHA Fvirh 1494 #F Ao e dzTFdE e ¥4 3
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AEFES AN E 95 %Y ethanolg 713FS W 32 opaque
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Casein 3 A8 & milk agarlX #F vt A3y 39 o]%Fd F#

N

ol clear zoneo] Fglo] HAEo] No. 57} caseing £33 & + Us AL
2 Yettth
Tyrosine #3) A& tyrosine agardl 5% 7, 14, 21¥ < w3ty

S o, ¥ FHY Lol clear zoneo]l A A %ol tyrosined E335}A

Gelatin ¥ 3}A] Foll A = nutrient gelatind]l FFZ sl Ll & F Yo
clear zone°] B A Ao} o] #FE gelatin A3}5o] fle A2 <
HA

g4 902 citrate?} propionate ©]€A AlFQ A vig 7Y FHiE
Aol oy, 149 wigF F gz HFL& MoF WEd citratest
propionateE °]| &3t {F7|AHE AT F v RoE YET.

NitrateE 393t nitriteE AAAstE A1EY 2 $ nitrate broth ] =]l
TFE st o8 A HAE o] FAAFo] e A2 UERH.

Phenylalanine ©o}713} 88X P& #FE phenylalanine agarol] v %3}
o 10 % ferric chloride& & 7}et1-& W 29 W37t Qlo] Yol g vk
$S ¥ F Qe RoE HAHAGD.

w2} A catalase A Al, dihydroxyacetone A4, nitrateE nitrite2 9,

Voges-Proskauer Al@ol 44 ®eS YetWz, A& 7l+Es AE,

Indole A4, phenylalanine®] &o}9138} tyrosin ¥3l, gelatin 4 3lol] &4
828 ettt =31 glucose, mannitol, arabinose, xyloseZ Y-8 AH&
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AR, HEFLS AT 2 A3 Bergey's Manual of Systematic
Bacteriology(1986)8 Bacillus & @5 % % B. licheniformis, B. pumilus

o FAFE Bt

Table 6. Biochemical characteristics of the isolate No. 5

Strains
Characteristics
No. 5 B. licheniformis B. pumilus
Catalase activity + + +
Voges-Proskauer reaction + + +
Egg-yolk reaction d - -
Hydrolysis of starch - + -
Utilization of citrate d H +
Utilization of propionate d + -
Nitrate reduction to nitrite + + -

Production of indole - - -
Production of dihydroxyacetone + ND ND
Deamination of phenylalanine - - -
Decomposition of casein + + +
Degradation of tyrosine - - -

Liquefaction of gelatin - + +

Symbols: -, 90% or more of strains are negative; +, 90% or more of
strains are positive; d, 11-89% of strains are positive; ND, no data
available

3) 7 o]8A

Glucose, arabinose, xylose, mannitoldl ™3+ No. 5 #5292 9 o]&4&
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BE3 A= Table 78 2h3, 4F9 9HFE F glucose, xylose,
mannitolS #F7} o] &3t S WA 3G oY, arabinose:® 193 79 A

BHAY e e BAskA X ATrt 108 ol F S WA, T

o

40

BIAA COY 7S &2 & Z3 mannitol BE Azte] A3
!

P2
o

=

iuj

%o} Durham tubeWlo] CO:7} XH S o] CO;, 84580
vtk 28y Yo Zo] izt 23Ee Qe Ao eyt oE

A
U

38

uin

Bergey's Manual of Systematic Bacteriology(1986)2] Bacillus & o5

% B. licheniformis, B. pumilus$} A< Bt

Table 7. Carbohydrate utilization by the isolate No. 5

Strains
Characteristics
No. 5 B. licheniformis B. pumilis

Acid from glucose + + +
Acid from arabinose d + ¥
Acid from xylose + + +
Acid from mannitol + + +
Gas from glucose - - -
Gas from arabinose -

Gas from xylose -

Gas from mannitol d

Symbols: -, 90% or more of strains are negative; +, 90% or more of

strains are positive; d, 11-89% of strains are positive



4) g =4

pH 2o g 739 AF A E dolr7] $3te pH 682U A¢<
NBHl A &, pH 5.7¢) 2%+ Sabouraud dextrose agar #lxlo} ztz} &
vl gFste] 600 nmolA FZEE S ZAE Fig. 89 YetAd L, No. 5
= pH 68 2o pH 57914 A*o] &old& HEHAT. °l= Bergey's
Manual of Systematic Bacteriology(1986)¢] Bacillus 4% ©F% % B.

licheniformis, B. pumilus$t fA18& RSt
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Fig. 8. Cellular growth of the isolate No. 5 at pH 5.7 and pH 6.8.

NaClo] 0%, 2% E£¥ 5% E9Y= WA= #F7F & Asted, 7%
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Eo1 = viA AN E 0%, 2%, 5% ) A$ Bu #F7F & zekx] gskoh
10%, 12%9 NaCle] 3% A$= dF7F 2 2R & *dth(Table 8). ©]
+ Bergey's Manual of Systematic Bacteriology(1986)¢] B. licheniformis,

B. pumilus® %9 FAHS 2

Table 8. Effect NaCl concentration on the growth of the isolate No.5

Strains
NaCl concentration
No. 5 B. licheniformis B. pumilus
0% + + +
2 % + + +
5 9% + + +
7 % d + +
10 % - - -
12 % -
Symbols: -, 90% or more of strains are negative; +, 90% or more of

strains are positive; d, 11-89% of strains are positive

5) Agare] E4

AL AT Axgad AEde F8 FAAR2 B Ade 29

x

B3 em, 1 ZAE Mol wa zolst Utk mery ZAY Ay

BN

o]
He

4o AXE ¢ + ok ¥8 FF No. 59 A =4

l
e
e
JS""

-

A= Fig. 99 #Zo] Z4A&92 iso-CnF anteiso -Cno] i+

tlo

24P

ol:, ZHALEe AA ZAo] 9549 %2 YEIRI o]E Gram ¥ Tl

M

% Bacillus sp.] £3& YEA T} anteiso-Cis acid$} iso-Cis acid7} Z+
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Z} 242 %, 355 %E YUYEUAL, A& Aole 15~178 YEhUT
Kaneda(1977)& B E3tx]gato]l @A stA] FAU obF H1u@3 % ol
anteiso-Cys acid9} iso-Cis acid’} Zt7} 26~60 %, 13~30 %= Al&9] 4
o]= 14~17°]"H group A(B. alvei, B. brevis, B. circulans, B.
licheniformis, B. megaterium, B. pumilus, B. subtilis)ol £3%tt1 B 13}
At} webA Kaneda®l AWl 27/ IEH(A-F)F group Adl 7V7t¢ &5
Ade & F UMY EF MIDI Z2a8o2 uite) 248 #53 Ax

B. licheniformis®t 91.8 %2 FAIEE YEIHATC.
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7 -poly(glutamic acid)(7 -PGA)T T84 HAIZEAZ glutamic acid¥]
LRGN ZA g-amino 71593 7y -carboxylic acid 7] 9o dZH
polyamide 7% & o|F 1 Atk o] LR R+ Bacillus species®] capsules
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uets, @Fo2RH E2d y-PGA w3 ML Bacillus licheniformis
No. 52 & & 3t}
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