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Factors Affecting on the Production of Exopolysaccharides from Zoogloea ramigera 115SLR. Han-Sup
Soh, Chan-Shick Kim', and Sam-Pin Lee". Department of Food Science and Technology, Keimyung Univer-
sity, Taegu 704-701, Korea, "Faculty of Horticultural Life Science, Cheju National University, Cheju, 690-756,
Korea — The production of exopolysaccharide from Zoogloea ramigera 115SLR in batch culture was affected by
carbon sources, rifampicin concentration, inoculum size and cell density of starter culture. The increase of organic
nitrogen concentration and cell density in defined medium by adding starter culture resulted in higher production of
exopolysaccharide (EPS) within 2 days. Glucose and lactose as carbon sources showed EPS production of 10.7 g/L
and 10.5 g/L, respectively. Higher EPS production was obtained with 2.5% (w/v) glucose. White sugar, brown
sugar and galactose produced less than 10 g/L of EPS. The optical density of starter culture affected on EPS yield,
producing over 10 g/L of EPS in the range of 1.0-1.7. In the presence of rifampicin, Z. ramigera 115SLR produced
EPS of 12.9 g/L. Molecular weight of EPS produced with/without rifampicin was determined with 1.367 x 10° and
1.711 x 10° g/mol using HPSEC-MALLS-RI, respectively.
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Zoogloea ramigera 115SLR-Z  capsule®A 5
Zoogloea ramigera 115(ATCC25935)25-€] slime® A 7
rifampicingAAlell WAS zh= Edwe] ot &59
RES 984 4°Col| BAR Z ramigera 115SLRTFS 5Y
A 2.2 trypticase soybroth(TSB) agar plate & o 43¢
30°Cell A 1947F Al wheksle] 4°Ce)] Bdsiit.

TSBu|| A] (Difco, USA)+= pancreatic digest of casein 17
g, papaic digest of soybean meal 3 g, sodium chloride 5
g, dipotassium phosphate 2.5 g, dextrose 2.5 g £4 S
e}, F7)82 TSBH)A] (rifampicin 50 pg/mlyllA] wioF
2 ekl (1 m)ell 2] 40% glycerol(121°C, 15 min)S
238l & -70°C liquid nitrogenoll A F<+ 523} -70°C
ZAE WEIe BashHA ARt

HiX] S¢ HHQELFH

SRS 913 72 AlghiA] (defined medium)EA
ILell 2¢ KHPO,, 1g KH,PO,, 1g NH,CL, 0.2 g MgSO,-
7H,0, 0.01 g yeast extract, 25 g glucose(pH 6.8)% E3}3}%=
£ Alzslirh. dFAAbl A AAEEA whadl
25 9 5, S rifampicin®] X, T HEH, T
7 g A= 55 2. adF ik A
ehlloF7)(SI 900R, Jeio Tech, Korea)E o]-83led 30°Cel|A
250 rpmo2 Zletufekaisict.

=T ek

T+ AES 9% £ okl TSB agar platel]A] 147
uekEl 2 colony= #d}led rifampicin®] =7} 50 png/ml
7} 55 H7re TSBeRAlo) AFq F AletufoFr|ofA
30°C, 250 rpm o2 2247 wioFF ch-RA R & S A
A 100 mlol] 1-10%(viv) $F2 = FHF3sl5 .

Elxdl ZR ¥ 85

ebAg) e 2= glucose, lactose, galactose, WAIEF W 34
BhS 7}7} olfslel HiF Aalell RiAE EHE ZARKIY
CERRYL IR EER 2AF F 121900 1587 Al
yzgt F Azl A7lsiedc). AR 500 ml A2 F

2azol] 100 mS Rl TR wiogel o) g3 00, o
48] FEE 1, 25, 4% STO2 FAA ST A4
EHE 2

Rifampicin &M

100% wlekol] §-3jA171 rifampicin(50 pg/mlye S wj
oflel TSBEiFNellt= 2E5=7} 50 ug/mlo] HES A7}
sjglom, dubzel v APAES Sl ARl 2
% 357} 25 pg/mle] HEF E33 Y 2.5% glucoses
23}3)1= A ghA] ol rifampicins =2 0-100 ug/mld TF
22 Frlsle] o RS viasiet

cletq sl o Aite =3

AR BFFFelA celld AA3E] )5k vl S 2ul
o} 25,2 3Msked 10,000 rpmSE 2087 AR g
F ATAE FH3led 200 ¥7)9] isopropanokE F7Fsle] o
DS Ao AAAZG. A GFFE 10,000 ipm
22 1087 YAEEE] ASAS AT F FeIie
], A5 2] 95% ethanolE A3 3 F Speed vacuum
(VS- 802, VISION, Korea)ell A 582+ A1 x Al
Phenol/sulfuric acid assay HPH[211% o]83le] AAlE o
5o =2 Ao TE A8E 33 A8l BT
ks Apstget. AAlIE oS A3l standard curve
£ Ak

=X 53

AAD AFFE 22 FHF 04% W 3417 F-
microfilter membrane(Millipore, 0.45 umy& F#A]1Z] o HS-
high-performance size-exclusion chromatography(HPSEC)
AZ o] g3te] EAeEE 24313}, Injection valve(1000ul
sample loop, Model 7021, Rheodyne), P2000 Pump (Spectra
System, Thermo seperation products, San Jose, CA, USA),
He-Ne laser source(A=632.8 nm)E ©]&-3l= Multi-angle
laser-light-scattering ~ detector(Dawn DSP-F, Wyatt Tech.
Corp., Santa Barbara, CA), RI detector(RI-71, Shodex,
Showa Denko, Tokyo, Japan)7} #x]E HPSEC-MALLS-RI
£ o]g3}e] Aol FAFA TSK Gel 5000PW ZH
& ARl o, o] AR 0.02% NaNOyS EF3h= 37
$2 o] 83l e, flow raterx 0.4 ml/min®}Sich.
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Table 1. Comparison of the productivity and yield of EPS
according to fermentation time.

Table 2. Comparison of EPS productivity according to C/N
ratio.

Fermentation time (h) Productivity (g/Lh)  EPS yield (g/L) Starter (ml) C/N ratio EPS production (g/L)*
12 0.08 1.03 1 11 2.37+0.53
36 021 763 5 8.3 8.42%0.86
48 021 10.28 7 7.3 10.28 £0.14
10 6.25 12.58 £ 0.85
Cell pellet 12.5 0.410.03

2.5% glucoses} F WA FEI) 1%((vv)E AEH A
ghafR]el| A wlFAIZdel] W PR AJARS Table 194
e Qle}, wjeFA|ZE 36A17HFE] vl AR A
27171 AlRbsbEA Axrb FAH S92, 484
7F 7R SR AL EE 021g/(L - h) F AR
10.28 g/LZ FHAHZ7E By}

wEbA] St wickle] 7% $ELE AFrEE AlghaR] oA
oFFF AR siME FHA 36A17ke] FRE, 484]7F ¢
A woFAloll e uiol ] 2 Hxe} 7|xo] Ao 2 vt
7+ 35 2 EAel o3 ge] UK. wEbA Az A] oA
G AR A E A 48X 27ERA 9wl oFA] 3te]
i AR f18F HA uiekr|ztelen AR E ]

ZEr HiYH 9 cell pelletHE0l M2 CIEHR A

Z. ramigera 115SLRE ©]£3}e] A|ghfx|o|A 7=
A= 744l b vkl o] AHEee] e Ak
U Al Ao gl A LR AlRE ] Al
a2 ke =AYt 2.5% glucoseS wFAY L= 3}
= AR A F wioFd == cell pellet ol v
FIE dolrB 7] $8] rifampicine] 715 TSB ul x| ol A
wjekyl ekl S 1,5 7, 10ml 22|32 7 ml 7 o)
ofllof| A F43L cell pelletd rifampicine- A 7}s)#] -2
100 ml A gHf=]ol] HEs}ed 30°C, 250rpmolA] 4841 7F &
ok vieFsldet. Table 2014 Bz wie} o] 1ml AFA|H
o 5ml A G5 AAke]l A3 FUkshEA] oF
3.5u00) sdels 8.42 /Lo HhdH-E AJARS Eold). ik
A 7ml HF Alolls 1028 gLe] ThFAARS 3o
10 ml oM 2zhe] Fotshs Aok HeojiM 125y
LE vrepligle) S mioFEzol A cell pelletihe: %3}
= AT 048 gLE oiF AAke] mnlsldn.

FE X33 AR o] AR ehgl )
A1) vlgel sl ZA F9-HT, 7] Ao 9
3 wAE S 2 Y g Aabe] kg Eae
v} 915H27]. Table 204 viehd ule} zro] o AYAlak
o] 7H T2 A9 4 wickd]l TSBA 7 o3 7]
AL ko] Folal Adleold). o] f7] ALY F71
o] o3l chdf AAte] Frlechs RilelE JA)sh= A
olt}, & WiFo]2] 7FE 4.5% glucoses BHAYLE 3=
A ghafAjell HF3ke] 28°Col| A 175 rpm o ZE. flaskel| A 7
UZE wiekAlell 2.9 g/Lo] whdF AAte] B alEl wh[13] 1S

* Mean = standard deviation

™, Lee S[16]°] 2.5% glucose & 1%2] 27 23}
flask sool|A] 4 5ol 3.8 g/Lo] HIFHE AR A}16]
£ vlws] B o, A g izl TSBellA widsl S sk
NS 7%(vv) TELE FrsRE e §7] AaYe g
9 2] A T Tl oAbl wit- B
olgl.om, wiekAIZE 29 ool 10 g/Lolde] wFgie] AJAk
o] 7Fs38ldet. 31, 10 ml 7 wekee] H = N )
£o] 6252 71 W& 7ol AL g0 (2.5%)¢
50%7F tFEhE ABEHASE & 5 Uk

Glucose s &3

2 oujofo o] et4del glucose $ =2 1%, 2.5%, 4%=E
FAsl] 7 Fd S 7T mlE HESb] 30°CA] 4847
B HEAZ ASE Fig. 19] YR o). Glucoses =
7} Z7 A, 4%ellA 11.95 g/LE ohdf AAke] 7B &
W2T, 25%= 1028 g/L, 1% 645 g/LE el i)
4% glucoseZAY 3hollA] 12 g/LZ 7P & oFFf WAL
HodAE, ehafle] opdfae] A8 2.5% glucose
ol 41%elM 4% glucosed AHE-ER= 739l 30%%
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Fig. 1. Effect of glucose concentration on the exopolysaccha-
ride production in defined medium by Z. ramigera 115SLR.
A 1 1% glucose B :2.5% glucose  C : 4% glucose

Optical density of the cell : 1.71
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Fig. 2. Effect of rifampicin on the exopolysaccharide produc-
tion in defined medium by Z. ramigera 115 SLR.

Symbol C means medium without rifampicin and R indicates
medium with rifampicin.

Optical density of the cell : 1.86

9] glucose FeFo| i AAkell 713 B0 SS &
4= 3195k (Table 2).

Rifampicin &E7l52

o7 WAETEA Z. ramigera 115SLRE =84 slime
Heje] 7S AAIEA rifampicinel] HFAE e F
de] FF2A YA A7l obd o Akl vlXE
35S AT} 2.5% glucose =5 E3HsE A ghulR]
100 miell rifampicing- 78] 2 7392} 25, 50, 100 ug/
mle #H7}s 7ol T wlFA S A7 TmlE A E8)ed
30°CollA] 48A1ZE g1t kA7) 3} rifiampicing 50 pg/ml
AH7lek Aol 12gL2 7P B2 oF AR Bglew,
100 pg/mle] 7ol ohgdf AARFo| ozt ZHAsisich.

ubHol rifampicin A E 2 231A] -2 H-5ollE of
10 g/L2] F3FHFE WAt vHFig. 2). ©l= X, campestris
o] o AARA] A A7) ot AARE oF 14% 5
TR Aok} dXFhe A Z, A WA el sl
TFEFE AFFE Aaske Aol 344 A7t &
el Ae= Algse25].

T} EPS AAkelA A=k rifampicin A A7}
7} S35 Aol Bt dA e Ak Gl AA A
of| A A FAo] HRsH =, A v 714
< 2 o APAHCE GFF AAA | A g A
rifampicing A7}51A] ¢k Ae] vhd Ak vha A
A= ZAAH Q] "M FreElFa Alase

Etaglol BF
E ujoFel o] ghagl 0 2 A 2.5%(w/v) £E2] glucose,
galactose, lactose, white sugar, brown sugarg Z}Z} 3715}

12

ol [F] ™

EPS content {g/L)
}
H

Glu Gal Lac WS - BS
Carbon sources

Fig. 3. Effects of different carben sources on EPS production
Glu : glucose, Gal : galactose, Lac : lactose,

WS : white sugar, BS : brown sugar

Optical density of the cell : 1.0

o] 30°CellA] 48417k F<t HEAZ AH= Fig 33 7Fo]
glucose 10.7 g/L, lactose 10.5 g/L, brown sugar 8.7 g/L,
white sugar 6.7 g/L, galactose 6.3 g/Le] {35 AAksla
o}, o] A= 7. ramigera 1155 o]-83l] 2.5% =2 &
29 L 7)F2E FFE 5%AEs, 26°C, 200 rpm
o2 76A17F wloFA] glucose 15.8 g/L, lactose 17.8 g/L,
sucrose 11.9 g/L, galactose 11.5 g/L2] ©Hdf-5 A3 2
{131k W) 2 o) vhe e o AR,
A A2 glucose”}t 0.32 g/L - hr, lactose”} 0.24 g/L - hr2
glucoseZ} V45 Akl EEUES R sk glon], odul
L2 glucosed o]-EA]ell i Al EpHolglvl=
A1, 1419+ A8}

B AP AF}ME glucoses} lactose”} Z2F 022 g/L - hr
2 7 2 A veEislen, o A& o 43}
o zooglan TFFF5 A 4= vk RA[1315 318iE
o), A=AZAS] FARE FA39] S8l 38 7hssidt
3 Alg o

E3 dlirlio| RS S

Akl HEEHE S wiofy o] A ol o
AFEE UV spectrophotometer S ©]-8-3Fod 600 nmoll A
FAE S 2R3k 04, 10, 1.5, 1.7, 1.868] =79 u)
FAE PR AR A FHoE AghiAe) HEsA
o AHEH ST e FEE 2855 YR AAk
2 Zrksiolom | FAET} 1.0~1.71 HelA oAk
10 gL 5224 7 3o, F35 1.8 o=
8.5 gLEA T 3F AAte] ZHAa3sigich(Fig. 4). whadl ¥ A
So] 27| th7lell ddehe F32o) 0.49) vl S &
TR AN AE v 2 OgF{ A8 gLyS
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Fig. 4. EPS production according to the cell density of starter

culture.
Number indicate the means value of optical density at 600nm

eyt

w2t Z. ramigera 115SLREHE] A|ZH)| R]|E- o] 8-3}oq
43717 el Mol = 10 gLo] HFE ABAleh] Slsixie wl
oFN Fel 27] cell density’} F83F QRS & 4 UA
oh 7 iR FEE 1.0~171 Sl vlEA B2 e
2, #F2 ASHAANA d571E At A A7 (stationary
phaseyl]l AL 21712 ARHe, B okl 79 4
2oz AT AEFO LA Fo) A5o] FHE55)o]
Salol 291 A5o] AR ool WA\ T
4897091 10 Lo ] TS AASHe Ao B,

Norberg®} Enfort[221= Zoogloeat-= A|ZHA] | A 2]
A5o] ARl =dsbaA vhg Aate] SylEEA v
Ao M=} g3 F7HRda R sl ubdel|, §%
= 1801l E T A&L] AR7E A do] BAA
B2 gl AR Tl Ase Ao AlsEH21].

Cletiel BXjg &3

o AR $18F A w2 elA, rifampicing 7}
g 7359} 7hehA] g2 Aol AANE GRS 3]
0.45 um filter2 25t F Bx-& S A Fig. 5
oA BedF31 glc}. Rifampicine] $lE wiek o 2 5E A
ArE oFel EAELS 1.711 x 105(g/mol) S BgoH,
rifampicin®] A7}g wjokele] tidfe] Bk 1.367 x 10°
(g/moDZ 78] Rlo|E B}, o] EAleF Zh-E Browndt
Lister[317} 243t #A1=F 2.5-9 x 10%g/mol) R} AL 7t
o]v, Ikeda $[12]°] Z. ramigera 115 wild-type @52
Bl AAHE capsulet} 75 GPCE &4 A3 1x10°
(gmol)irt 7 & & Bold.

2 Ao 844 slimeF el S AFHe EA=HFS
HPSEC-MALLS-RIE o|-83F Ao 2R 2v)she 2o
2 ellA Bkl e ERRRkA zle|E & 4 3l

0.20

r = 90°
A * AUX1

AUX 90" Detector
o
&

0.00

~0.05 L : . ! A . . . .
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Volume (mL)
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Fig. 5. Molar mass distribution of zooglan produced from
defined medium with/without rifampicin for 48 hours.
A : with rifampicin, B : without rifampicin

o}. Casaso[S}> xanthan gum®] Fx}afe] wuljofeel] &]3)
A zpol 7k 15-& B rdt vl Qlo) wpelr u) A E olg5e)
Expege] R¥ = g A7), wix|RA SR B ARE X7
3= ExTe i 719" 4 lvkal ARE T

Ao 2

£ A7 Ared dessid AA At A
E nlQEAR A 2 A3 ATAE 2ol 93 A
e,

(=) (=13
p i =

Zoogloea ramigera 115SLRZHE] zooglan T4-F A
ARS8 A-Z7el Ast AFE T3 e R
2.5%2] glucose?} lactoseS o] £3lF-& = Z7F 107,
10.5 g/L2] “FFF5 AAFSI 21, galactose, white sugar,
brown sugar®] A-$= 47t 6.4, 6.7, 8.7 g/L] vhd AL
< 2} 2.5% glucose?t AR AlZHR oA B wlo)
H(TSB WA ye 7Tml o HEFo2A T 1 miE AHF
slod kel TFF(2.37 g/L) B} oF 4] B2 ohFF A
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AH(10.28 g/LyS Bgivh. F3F wldd S 5 mio]A; AHEA
weF 36717 o] FHE i ARSI 48A7F vk
Alell 10 g/L o]A3e] vl AAte] 7hs3igic). sthd o
A =3, F ko] F3Er) 1.0~1.79 75l 10g/L
ol 4ke] HE QA CH, o] HYE ok 7o)
E o el A& = et. wiekd el rifampicin ¥ 7=
12 g/Lol 2] vl AALS Blon], odF Exajske
1.367 x 105(g/mo) ZA] rifampicinS 7}8tA] A% 1.711
x 10%(g/mol)e} 2F7ke} 2po] 2 Wit
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